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RICE GROWTH & DEVELOPMENT

Introduction

So, you want to grow a 12,000 Ib/acre rice crop?
The modern short-statured varieties for Califor-
nia certainly are capable of producing yields
this high or higher. Of course, not all the condi-
tions to achieve such yields will be under your
control. Most notably, untimely rainfall, cold
temperatures and many other weather-related
events are simply out of your control. But many
things are under your control, and most all of
them require a good knowledge of how the rice
plant grows from seedling to grain filling. This
knowledge will help you make informed deci-
sions and better use the many practices and tools
that are available. This section will be a lesson
in applied rice botany for the primary purpose
of understanding what goes into the making of
a rice grain crop.

The Yield Components

Generally, one thinks of yield as the total weight
of rough rice from a field, usually in “sacks” or
cwt per acre. At harvest you may think in terms
of trailer loads to compare a field’s performance
from the previous year as sort of a “back of the
envelope” estimate of yield. But just how is all
that grain in the trailer made?

Generally, crop health is assessed at the whole
field level and not at the details of the plant.
However, the clues to what went right or wrong
in a season can often be determined from the
yield components. Rice grain yields are the
product of the plant’s yield components. Why
i1s it important to know about yield compo-
nents? Every management practice affects the
yield components—but the question is, which
ones and when? So, before trying to understand
where yield components fit into the life cycle of
the plant and how to maximize them, it’s im-
portant to know what they are.

Yield components are:

1) the number of panicles per given area (of-
ten called fertile panicles)

2) the number of spikelets or grains per pan-
icle

3) the percentage of filled kernels or grains
and

4) the weight of the kernel—each grain.

Yield, then, is the product of each of the four
components.

YIELD = Panicles/area x spiklets (grains)/pani-
cle x % filled pikelets x kernel wt

Let’s use an example of yield components
converted to a per acre basis to see how
they all add up to yield.

Your crop has 60 panicles per square foot
and each has 70 kernels. The kernel weight
is 30 grams/1000 grains, there is 10%
blanking, what is the yield?

Conversion Factors: 1 1b = 454 grams
1 ac = 43,560 ft2 Abbreviations: grams = g
Pound = 1b Square foot = ft2

Step 1:
60 panicle/ft2 x 70 kernel/panicle x 90%
filled spikelets = 3780 kernels/{t2

Step 2:
30 g/1000 kernels x 3780 kernel/ft2/
454 g/1b = 0.250 1b/ft2

Step 3:
0.250 Ib/ft2 x 43,560 ft2/acre = 10,880 Ib/
acre
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Panicles per unit area

The total number of panicles in
a given area is a product of the
number of established seed-
lings and the number of fertile
tillers produced by each seed-
ling. A fertile tiller is one that
produces a panicle. In some
cases, such as in very dense
stands, many of the tillers are shaded out and
die shortly after panicle initiation (PI) and
therefore do not produce panicles. Of all the
yield components, the number of panicles per
unit area is the most easily influenced by man-
agement practices. The number of seedlings
per unit area, we commonly call “stand,” is di-
rectly related to the seeding rate. Seeding rates
of 125 Ib/ac to 200 Ib/ac typically provide seed
densities as shown in Table 1.

These seedling densities based on seeding
rates are ballpark estimates. The number of
seeds/ft? can range widely depending on the
seed size of the varieties. Koshihikari is the
smallest and S-102 the largest of grown vari-
eties (see Figure 2 later in this chapter). Thus,
some adjustment in seeding rate may be nec-
essary to compensate for seed size. One seed-
ling can produce a number of tillers (depends
of stand density - see Figure 5 later in chap-
ter) and ultimately panicles; however, 60 to 70

panicles/ft2 are about optimum for good yields
with Calrose type varieties (Table 2).

Importantly, in water seeded rice systems seed
density does not translate into plant density
as many seeds (up to 50%) fail to produce a
viable seedling due to wind, pests and dis-
eases (see Chapter 4 for more information on
this). For example, M-206 at a seeding rate
of 150 Ib/ac, would give 50+ seeds/ft? almost
enough, if they all survived, to provide an ad-
equate number of panicles without tillering.
However, we all are familiar with damage to
stands from wind, tadpole shrimp, bakanae
and many other things that can cause moderate
to heavy stand losses. High seeding rates are
a form of insurance against stand losses. As
a cautionary note, however, too high seeding
rates can result in weak stems and increased
incidence of foliar disease. The bottom line is
that to achieve panicles densities high enough
for good yields, tillers must be produced by
each seedling. Varieties vary in their tillering
capacity, ranging from high tillering tropical
indicas to our relatively lower tillering calrose
or japonica types. All of California varieties,
however, have more than adequate tillering
capacity to produce high yields in direct-seed-
ed culture. If conditions are good during the
tillering stage, the plant is capable of pro-
ducing many more tillers than are needed for

Table 1. Field seed densities from typical seeding rates. The seed densities range due to differences in seed size

(Figure 2). Densities for M-206 are shown for comparison.

Seeding rate (Ib/ac) Density range (seeds/ ft?) M206 (seeds/ ft?)
125 40-58 45
150 48-69 54
175 60-81 63
200 65-92 72
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Table 2: Rice stand, yield and yield components.

Yield Components
Seedin Estab- ike-
Rate £ lished Panicle Grain 811;1;; Filled Yield
Plant Density Weight : Spikelet
Panicle
Stand
seeds/ ft2 plafltlzts/ ft2 mg no. % Ibs/ac
11 11 53 252 90.8 86.6 8692
22 21 65 25.6 74.8 85.8 9267
33 27 61 25.8 71.6 86.2 9438
45 34 66 25.5 64.3 85.6 9393
56 34 68 25.9 63.1 86.2 9423
78 43 75 25.9 58.9 86.8 9456

high yields (see Figure 6 later in chapter). If
conditions are not good, then an inadequate
number of tillers will be developed and yields
will suffer. Fortunately, the rice plant has a re-
markable ability to compensate for low stands.
As stand density goes down, tillers per plant
increase. For example, in a Butte County ni-
trogen by variety trial in 1984 and 1985, 12
plants/ft? produced 4.8 tillers per plant, 21
plants/ft2 produced 3.1 tillers per plant and 27
up to 34 plants/ft2 produced about 2 tillers per
plant. In a more recent study using M-206 at
the RES, similar findings were reported with
16 tillers per plant at the lowest plant density
(3 plants/ft?) and between 2 and 3 tillers per
plant at plant densities of 25 to 55 plants/ft?
(Table 3). At optimal plant densities, tiller
density is about 60 tillers/ft* or more (Table
3) and will give a panicle density of about 60
panicles/ft*> or more (Tables 2 and 3).

Spikelets Per Panicle

Spikelets are formed when
the apical meristem or
growing point changes from
producing leaves to produc-
ing the panicle (reproduc-
tive structures). This occurs

late in the tillering stage and triggers pani-
cle initiation or reproductive growth. The
entire panicle—branches and spikelets are
developed at this time. Although they can-
not be seen with the naked eye, under a mi-
croscope, their surface appears as a series
of small nodes, each to become a spikelet
or grain. Typically, we identify PI by cutting
the stem or culm longitudinally with a pock-
etknife. At the start of PI, the panicle is not
visible but a green band is visible above the
top node (thus referred to as “green-ring”).
The green band is only visible for a couple
of days so it is easy to miss it. Once the pan-
icle is produced, the top node begins to elon-
gate and move up the stem, increasing the
space between the nodes (Figure 1). Usually
by the time we see the young panicle it is
several days after PI.

The maximum panicle size of most Califor-
nia Calrose types is around 100 spikelets per
panicle, but is more on the order of 70 spike-
lets per panicle with typical densities of 60
to 70 panicles/ft2. The number of spikelets
per panicle, however, can vary genetically
from varieties with relatively small panicles
to varieties with panicles of over 150 spike-
lets or more. Some of the Chinese hybrids,
for example, have very large panicles. Man-
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Figure 1. Young panicle
agement practices can influence the number
of spikelets per panicle. Most commonly,
stand density has the greatest influence on
panicle size. Rice plants will compensate
for low stand densities by producing more
spikelets per panicle (as well as by produc-
ing more tillers per plant) as shown in Table
2. Usually, however, panicle size will not
increase enough to overcome lower yields
from poor stands.

Percentage Filled Grains

The percentage of filled
spikelets per panicle can be
greatly reduced by cold air
temperature. Low water tem-
perature can also reduce the

number of filled spikelets. California variet-
ies are among the most cold tolerant in the
world, but they can still be damaged during
meiosis (occurs during period about 10 days
after PI and 10 days before heading) by tem-
peratures below 55° and 60° F (depending on
variety). When this occurs, the spikelets be-
come sterile and result in “blanks”. Blanking
can be as high as 40-50% when low night-
time temperatures continue for four or five
consecutive days. Blanking on a “normal”
year is around 12%. Increasing water height
during the critical meiosis stage can greatly
reduce cold damage. Water should be raised
to a level above the developing panicle (8-
10 inches) to act as a heat sink and thus keep
temperatures above the critical level.

Kernel weight

Kernel weight differs among varieties from a
1000 kernel weight for the small-seeded Cal-
hikari and Koshihikari varieties (22.5 to 24.9 g),
to S-102 at over 32 g (Figure 2). Common me-
dium grains range between 27 and 30 g/1000
kernels. In the field, kernel weights are the
least variable yield component. They generally
cannotbe increased by good management prac-
tices to compensate for poor tillering or small-
er panicles. For example, Table 2 shows that
across all seeding rates and resulting panicle
densities, and even at the lowest seeding rate
where panicle size increases, grain weight re-
mains constant at about 25 g per 1000 kernels.
Kernel weight, however, can be reduced by bad
management or bad luck (such as draining too
soon or from drying north winds). Fields that
are too dry at the end of the harvest can limit
grain filling and reduce kernel weight as well as
quality.
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Figure 2. 1000 grain weights for common California rice varieties

Rice Growth and Formation of
Yield Components

The yield components described above devel-
op in different stages in the life cycle of the
rice plant. Thus, management practices must
be timed properly to positively influence the
desired yield component. For example, once
plant/crop growth is beyond the critical stage
of tiller development, management practices,
no matter how well intended, cannot increase
the number of tillers. The growth of the rice
plant can be divided into three stages: vegeta-
tive, from seed germination to PI; the repro-
ductive stage from PI to flowering; and the
ripening stage from flowering to grain maturi-
ty. The time required for each of these stages
is dependent largely on the choice of variety,
but is also affected by management practices,
weather and other environmental conditions.

The Vegetative Stage

Vegetative growth begins with seed germi-
nation and lasts through the tillering stage
(Figure 3). It can be subdivided into seedling
growth and tillering. The best opportunity for

management practices to influence yield is
in the vegetative stage. In the seedling stage,
good seedling emergence, stand establishment
and seedling growth can be enhanced by the
use of high-quality seed, proper seed soaking,
land leveling, seedbed grooving (rolling) and
other management practices that are described
in detail in other sections of this workbook. Up
to about the 2 or 3-leaf stage the seedling (Fig-
ure 4) is largely dependent on the stored seed
reserves for growth.

At the 3 to 4-leaf stage the youngrice plant be-
comes self-supporting or autotrophic, relying
on the sun’s energy and nutrients from the soil
for growth. Practices to enhance rooting and al-
low for emergence through the water will en-
hance rice stands. Generally, plant stands of 20
to 25 seedlings per ft2 will provide optimum til-
ler and panicle densities.

The seedling develops into the main stem. At
tillering, the second stage of vegetative growth,
the primary tillers develop in the axils (base) of
each leaf beginning with the second leaf. Tillers
typically begin to appear at about the fifth leaf
stage.

When the sixth leaf appears, the second tiller
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Figure 3. Growth stages of rice through flowering
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Figure 4. The stages of seedling development

emerges from the third leaf and so on. Each
tiller is also capable of developing sub-tillers
or secondary tillers. The total number of tillers
developed from a single seedling depends on
stand density, nitrogen (as well as status of other
nutrients), weed competition and damage from
pests. The tillering stage is even more important
to final panicle density and yield than the num-
ber of seedlings established. It is also one of the
critical stages that can be most influenced by

tillering panicle initiation flowering
5360 83-100
63-79 110-115
. st pd leaf
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management practices. The period of tillering
does not vary much among varieties, although
some of the very late varieties such as M-401,
have a slightly longer vegetative stage, meaning
that tiller initiation may extend over a longer pe-
riod (see Table 3 later in chapter). The manage-
ment factors affecting tiller formation include
good nutrition, especially N management, wa-
ter management (deep water reduces tillering,
but usually not below critical levels when other
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Figure 5. Tiller development over the season as affected by seeding rate

factors are well managed—see Water Manage-
ment section), weed competition, insects and
diseases. The management of these factors is
discussed in other sections of this workbook.
Generally, panicle densities should be in the
range of 60 to 70 panicles (fertile tillers) per ft?
to maximize yields. Under good conditions, the
number of tillers formed on the plant at maxi-
mum tillering may be twice what is necessary
for high yields. In this case, many of the tillers
die before flowering. Figure 5 shows how til-
lers develop over the season at different seeding
rates. Note that at very low seeding rates, all the
tillers survive (and are needed for high yield)
whereas at high seeding rates the number of til-
lers is very high at maximum tillering but about
half die off from shading. Final tiller number is
about constant across these seeding rates.

The Reproductive Stage

The reproductive stage begins at PI (Figure 1)
and extends through flowering. The duration of
the reproductive stage varies quite a bit among
varieties of different duration with longer du-
ration varieties having a longer reproductive
period (Table 4) Furthermore, some varieties

(e.g. M-401) are sensitive to day length and PI
must be induced by shorter days. These variet-
ies tend to be much longer duration than many
varieties which are not photo-period sensitive.
The panicle develops within each tiller at the
base of the plant just above the soil surface.
The start of PI can be seen by the formation
of a green ring just above the top node when
the stem is cut longitudinally (thus referred to
as “green-ring”). The green band is only vis-
ible for a couple of days so it is easy to miss
it. At about one week following PI the young
panicle is large enough to see when the stem is
sliced longitudinally through the base. At this
time jointing or stem elongation of the upper
internodes begins. The young panicle is about
1-2 inches above the soil surface and differen-
tiating into spikelets; the number of spikelets
per panicle are determined at this time.

In the final stages of differentiation, pollen is
formed within each immature spikelet and this
is the most sensitive period to cold tempera-
tures. Cold temperatures of 55 to 60°F (de-
pending on variety) or less can cause sterility
by inhibiting pollen formation and resulting
in excessive blanking. This is referred to as
cold-temperature induced blanking. Although
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field practices cannot increase the number of
spikelets formed during PI, raising the water
level above the developing panicle at PI to
mitigate cold temperature can greatly increase
the percentage of spikelets that become filled
grains. This is the most important manage-
ment practice available at PI to maintain
good yields. To be safe, keeping water high
from about 10 days after PI to 10 days before
heading should help reduce cold blanking.
Figure 6 shows how to identify the most cold
sensitive period before flowering. Of lesser
importance is spikelet sterility caused by too
much N. Excessive N from over fertilization,
particularly in a cool season or from fertilizer
overlaps can increase sterility and blanking.
This is why it is important to fertilize preplant
only for a cool year and top-dress as needed if
the season is warm. Other management prac-
tices such as herbicide treatments at PI may

Figure 6. Pollen formation and cold sensitivity occurs when the collar
of the flag leaf is aligned with the collar of the previous leaf (center).

also have an effect on grainfilling.

Table 4 shows data from a greenhouse study
comparing time to critical stages for a num-
ber of common CA varieties across a range of
planting dates. Greenhouse studies tend to have
warmer air temperatures than outdoor so the ex-
act number of days shown in Table 4 is shorter
than normal. Importantly though, the data show
that across varieties, the time to PI is relatively
similar (across varieties the time to PI may vary
by about 10%). The big difference between va-
rieties is the time from PI to 50% heading (over
30% variation in time). Finally, the time from
50% heading to R7 (when at least one grain
on panicle has yellow hull and is about when
growers should consider draining the field in
preparation for harvest) also varies by quite a
bit between varieties but the time is much short-
er.

Flowering, the second part of the reproductive
stage, occurs over two to three weeks. The time
of flowering varies with the varietal maturity
group (Table 5) and location (due to differing
temperatures) (Figure 7).

Very high temperatures at flowering can dry the
germinating pollen tube before fertilization and
cause blanking. Generally, these temperatures
must be above 104 °F. Heat induced sterility
is of far less consequence to yield than is cold
temperature induced floret sterility which oc-
curs between PI and flowering. Nothing can be
done to mitigate high temperature damage by
management practices.

The Ripening Stage

The fourth and final yield component, kernel
weight, is determined at ripening. Ripening
begins at the completion of flowering and lasts
through physiological maturity. The develop-
ing kernel is filled from materials stored in the
leaves and stem and from new carbohydrate
produced from photosynthesis in the upper-
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Figure 7. Days to 50% heading for common California medium grains. Data are from state wide variety trials and are
averaged from 2017 to 2021. The San Joaquin variety trial is drill-seeded which increases the time to heading.

most leaves and developing kernel. The kernel
reaches physiological maturity at about 30%
moisture. For translocation of stored materials
and photosynthesis to remain active, the ma-
turing plant must have adequate soil moisture
for a long enough period to ripen late maturing
kernels. While it is not possible to increase ker-
nel weight above the genetic potential of the
variety, it is possible to lower kernel weight
by soil drying too soon. Thus, decisions about

when to drain the field are critical. Early drain-
ing facilitates harvest but may allow the field
to dry too soon to complete grain filling, thus
reducing both kernel weight and milling qual-
ity. This decision is often a tradeoff between a
smooth harvest and lower head rice or “muck-
ing” out the harvest to achieve higher head
rice.
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Table 3. Tiller, panicle and yield responses to seeding rate. Data from a 2015 study at the RES using M-206.
Data represent the mean of two planting dates.

Seed rate seeding height Tiller Panicle tillers panicles yield
stand density density (Ib/ac)
seeds/ft2 seedlings/ft2 cm tillers/ft2  panicles/ft2 tillers/plant panicles/plant Ib/ac
5 3 98.8 41 36 15.9 14.0 7491
15 12 99.6 61 52 5.3 4.5 8829
25 17 97.8 67 58 4.0 3.5 9575
35 20 99.1 65 56 3.3 2.8 9311
45 25 97.1 76 66 3.0 2.6 9881
55 31 96.6 79 66 2.6 2.1 9744

Table 4: Days from planting to panicle initiation, heading and R7 (when at least one grain on panicle has yellow hull) for different California rice
varieties and planting dates. Note that these data are from a greenhouse pot study where average daily temperatures were warmer than typical. Thus, the
actual time to each stage are shorter than typical.Data represent the mean of two planting dates.

. . o 50%
Variety Planting .P‘aplc‘le 50% heading Plto 5,0 & R7 heading
Date initiation heading
to R7
(days) (days) (days)  (days) (days)
CM-101 1-May 48 73 25 94 21
S-102 1-May 44 71 27 90 19
M-104 1-May 48 73 25 92 19
M-105 1-May 44 71 27 92 21
M-202 1-May 44 76 32 94 18
M-205 1-May 48 78 30 101 23
M-206 1-May 48 76 28 98 22
M-401 1-May 50 108 58 125 17
L-206 1-May 44 71 27 87 16
CM-101 15-May 41 69 28 92 23
S-102 15-May 41 71 30 92 21
M-104 15-May 41 66 25 84 18
M-105 15-May 41 71 30 92 21
M-202 15-May 41 73 32 92 19
M-205 15-May 41 76 35 92 16
M-206 15-May 41 69 28 87 18
M-401 15-May 45 94 49 113 19
L-206 15-May 41 71 30 87 16
CM-101 29-May 43 78 35 94 16
S-102 29-May 43 70 27 91 21
M-104 29-May 43 70 27 87 17
M-105 29-May 43 73 30 87 14
M-202 29-May 43 78 35 94 16
M-205 29-May 43 78 35 94 16
M-206 29-May 45 70 25 91 21
M-401 29-May 48 94 46 115 21
L-206 29-May 43 73 30 85 12

1.10
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Table 5. Average days to 50% heading for major CA medium rice varieties grown at the RES. Data are from

variety trials conducted at the RES from 2017 to 2021.

M-105 M-206 M-209 M-210 M-211
Average days to 50% heading
75 77 81 76 83
Range of days to 50% heading
67-80 70-83 77-84 71-80 80-86

Developmental rate

The rate of rice development and progress from
one growth stage to another is largely based on
the accumulation of growing degree days (or
heat units). Some rice varieties are photo-pe-
riod sensitive and their flowering will depend
on changes in day length. In California, it is
thought that M-401 is at least partially photo-pe-
riod sensitive, but most of the other commercial
varieties flower based on growing degree day
units (heat units) accumulated.

The accumulation of average daily temperatures
is calculated as ‘growing degree days (GDD)’.
At its simplest it includes an average daily tem-
perature [(Tmax-Tmin)/2] and a minimum de-
velopment threshold that must be exceeded for
growth to occur. This is the base temperature
(Tbase) and below this temperature the plant
does not continue to develop. For California
rice varieties this temperature is 50°F. The equa-
tion is:

GDD = [(Tmax+Tmin)/2] — Tbase.

Additional modifications exist for high tem-
perature cutoffs. (The growth rate rice does not
increase as temperature increases above a cer-
tain point.)

Understanding how temperature affects crop
development helps explain a number of factors
why there is variation in time to heading for the
same variety.

1. In Table 5 we see that for the same vari-
ety the time to 50% heading can vary by
over a week, even if the rice is planted on
the same day of the year. This is just due

1.11

to differences in temperature during the
growing period.

2. Planting early in the season (late April
or early May, tends to result in a longer
growth duration because rice is being
planted at a cool time of the year and
hence growth is slower during this period.

3. It also explains why rice grown in the
southern part of Sacramento Valley and in
the Delta region where it is cooler, take a
longer time to reach 50% heading (Figure
7).

4. Tt explains why dry-seeded rice takes
about 5-7 days long to reach 50% head-
ing than water seeded rice. Water tem-
peratures early in the season are warmer
than air temperatures and thus rice seed-
lings progress faster in a water seeded sys-
tem where plants (especially the growing
points of the rice) are under the water.

HARVEST INDEX: How much
grain, how much straw?

The remarkable increases in California and
world rice yields in the 1970’s and 1980’s
were the result of major plant breeding pro-
grams to develop semi-dwarf or short statured
varieties to more efficiently use the sun’s en-
ergy. Agronomists refer to the measure of this
trait as Harvest Index (HI) which is the ratio of
grain to total plant biomass or biological yield
(grain + straw). Harvest index is a measure of
the partitioning of the sun’s energy between
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the grain and the vegetative part of the plant
(which eventually becomes the straw).

Harvest index (HI) is the ratio of grain
weight to total plant weight and can be
expressed as:

HI = GW/GW + SW

Where: HI = Harvest Index
GW = Grain Weight

SW = Straw Weight

(GW + SW) = Biological Yield

NOTE: Root weight is not considered in the
calculation of HI

Tall varieties are now grown in California only
as specialty rice types. They exhibit lower HI
than the modern short varieties commonly
grown on most of California acreage. Short
statured varieties have the advantage that they
remain standing at higher nitrogen (N) levels.
This is largely because their short stature pro-
vides less leverage to fall over due to a large
grain weight on the top of the plant. As a result,
N applications can be increased by about 30
Ibs/acre relative to the taller types; and because
higher N is important for photosynthesis, grain
yield potential is increased. So what impact has
this had on the amount of straw left after har-
vest? Some have suggested that by reducing the
plant height by 30% we have also reduced straw
remaining after harvest by 30%. This is not the
case. We conducted several studies comparing
short and tall varieties across different N rates.
Figure 8 shows that Biological Yield (GW +
SW) was similar for both tall and short varieties
across all N levels. However, Figure 9 shows
that grain yield for the short varieties was high-
er across all N rates. Of course, whether tall or
short, rice varieties of both types will reach a pla-
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teau in yield at some level of N after which both
will produce less rice due to lodging or blank-
ing. Yields extrapolated from N rates of 120 Ib/a
typical for tall varieties and from N rates of 150
Ib/a for short varieties were 6273 Ib/a and 7262
Ibs/a respectively with an increase in grain yield
of 16%. Figure 10 shows that straw yields at
these N rates are 7396 Ib/ac for tall varieties and
7124 Ibs/ac for the shorter types or a decrease
of only 3.6%. Therefore, the adoption of short
varieties has not likely reduced straw levels by
all that much. These figures represent averages
for many field trials over several years. How-
ever, grain and straw yields will vary by field
and yields have increased since these data were
taken with the original short types such as M- 7,
M-9 and M-201. Importantly, however, is that
tall variety HI should be used when calculat-
ing carbon conservation credits for returning
straw to the soil. Using the HI for short variet-
ies would show less straw than is actually pro-
duced. Figure 11 shows how HI varies over N
level for both tall and short varieties.

SUMMARY

Yield components are the product of the number
of panicles per unit area, the number of spikelets
per panicle, the % filled spikelets and the kernel
weight. Generally, a seeding density of 20 to 25
established seedlings/ft2 result in an adequate
density of 60 to 70 fertile panicles/ft2. Manage-
ment practices have the biggest influence on fi-
nal yield during the vegetative stage when the
panicle number is determined. This yield com-
ponent is completely formed in the first 45-60
days of the season and cannot be changed after
that time. The number of spikelets per panicle
and the percentage of filled kernels are deter-
mined at, and shortly after PI. The panicle size
and spikelet number cannot be increased, but
good management of water to reduce exposure
to cold temperatures can minimize excessive
blanking. Similarly, kernel weight cannot be in-
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creased over the genetic potential of the variety,
but management practices such as field draining
for harvest can affect grain filling. Rice man-
agement practices are described in detail in the
following sections of this workbook. It is im-
portant to think about when these occur in the
life of the rice plant and what effect they might
have on specific yield components. The knowl-
edge of yield component formation can also
help in diagnosing problems after the fact.
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LAND FORMATION

Field Development

Field development is the configuration of the
field shape and surface slope as well as the in-
stallation of water control structures to opti-
mize water management and crop production,
conserving resources and improving operation-
al efficiency. Most important to rice is accurate
and easy management of water application,
depth, and drainage so that crop growth is im-
proved, and weeds are controlled. Also import-
ant is water conservation—through increases
in water use efficiency and by minimizing the
likelihood of accidental drainage. Another goal
is more efficient use of land, tillage, and harvest
equipment. This can be achieved by reducing
the number of levees, straightening the levees,
or making them smaller.

History

Much of the Central Valley is naturally fairly
level, ranging from two to five feet of fall per
mile (Willson 1979), so not much leveling was
done in the early days of the rice industry. Con-
sequently, most early efforts towards field im-
provement were in clearing native vegetation
and building irrigation water structures such
as canals, drains, weir boxes, and levees. The
prevailing belief at the time was to leave the
soil surface between the levees alone because
rice grew poorly in cut areas and rank in fill ar-
eas. By the mid-1920s, growers began to see
the economic benefits of leveling, although the
first heavy earth movers and landplanes capable
of major land formation were not available un-
til 1935 (anonymous, 1948). Leveling became
widespread after WWII, with a sharp increase in
the 1960s. A key concern was whether to main-
tain the natural contours, which was cheaper,
or to make the slope uniform so straight levees
could be used, but at a higher cost (Figure 1).
Wick (1970), estimated an equipment efficiency
gain of 12-15%, 10% higher yield, faster initial

Figure 1. Typical contour levees required in unleveled land, above.
Land leveled to uniform slope with parallel levees, below.

flooding, more precise depth management, gain
in productive land, and increased land value by
leveling for parallel levees. The leveling system
most commonly used depended on installing a
matrix of grade stakes, based on a detailed sur-
vey map, which guided the equipment drivers.

Accuracy was dependent on the skill of the op-
erator to match cuts and fills with specifications.
In the early 1970s, laser-guided equipment (Fig-
ure 2) revolutionized land accuracy, automating
some equipment operations and eliminating the
need to set a complex matrix of grade stakes.
With the adoption of the laser and its exception-
al accuracy, growers changed their view of how
flat fields could be.

Slopes decreased to zero with laser leveling,
allow- ing for wider levee spacing and bigger
basins. In addition, in those areas where rice is
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Figure 2. Typical scraper for leveling equipped with laser receiver
that guides position of cutting blade. Signal is received from laser
beam on stand in foreground. Scrapers may be equipped with single,
dual or satellite guided receivers

the only crop, fields were specifically developed
for rice using permanent levees and little or no
slope. Today, a high percentage of rice fields are
laser leveled and have parallel levees. Those
which do not are usually in areas where rice is
rotated with other crops.

More recently, Global Positioning Systems
(GPS) have been used for precision leveling,
because GPS systems can be used to map field
elevation in three dimensions, with an accuracy
of up to 0.1 inches. This is more accurate than
laser leveling, and it is easier to set up, as GPS
leveling does not require the laser towers that
are required for laser leveling. GPS leveling is
less troublesome than laser leveling, as it is not
hampered by dust and wind, whereas laser lev-
eling can be negatively affected by both.

The necessary equipment is a tractor equipped
with surveying software, a GPS receiver, and a
base reference point. The scraper (which levels
the soil) can be adjusted based on the field ele-
vation map and can be controlled from inside
the cab with the software.

Site Selection

Rice fields require the ability to pond water, so
soils with low infiltration rates are necessary
to prevent excessive water use. Desirable rice
soils are those with high clay content (35 to
60%) in the topsoil or subsoil, or which have a

cemented layer or hardpan in the subsoil. The
most productive rice soils have deeper topsoils
although good rice yields may come from shal-
lower soils if crop nutrition needs are adequate-
ly met. Fields developed along the edges of the
Sacramento Valley and near streams often have
more variable soil types across short distances,
which should be factored into the development
plan. Fields formed from naturally flat topog-
raphy benefit from less disturbance of topsoils
compared to fields developed on steeper land
where less fertile subsoils are exposed during
leveling. It is especially difficult to farm rice
when a calcareous or sodic subsoil is brought to
the surface. Such soils often have soil chemistry
problems that are difficult to correct.

Leveling

Land leveling allows maintenance of a uniform
water depth within the basin (the area between
the levees, also called a paddy) and greatly fa-
cilitates subsequent management practices for
stand establishment, weed control, and field
drainage for harvest. When a new field is devel-
oped or an old one is improved, an engineering
plan is usually developed that includes all the
features of the new field such as the placement
of levees and whether they are straight or con-
tour. It also includes the position of roads, land-
ings, irrigation intakes, canals, drains, and other
necessary structures. Often, several leveling op-
tions may be prepared and the producer decides
which best fits his situation.

How a field is leveled depends on the crops
grown, irrigation method, field configuration,
soil type, and cost. About two-thirds of rice
fields in the Sacramento Valley are set up to
grow rice only, while the others grow row and
field crops in a rice rotation. Fields growing rice
only often have little or no slope while those in
a crop rotation usually have slopes of 0.05 to
0.1%.




CALIFORNIA RICE PRODUCTION WORKSHOP 2023

Fields may have a uniform slope across the
whole field or the slope will vary because the
natural contour of the land varies. Soil type will
affect how a field is leveled, primarily as it re-
lates to whether or not a soil can economically
support crops other than rice. Although good for
rotational crops, inclusions of well-drained soil
in a rice field should be avoided if possible to
minimize the volume of water needed to main-
tain a flood.

Cost is frequently the primary determinant of
how a field is leveled. Very steep ground is most
economically leveled into a series of ‘benches,’
each separated by a levee. This avoids the need
to cut down large hills and fill in deep valleys
and it leaves more topsoil in place. The area be-
tween the levees in benched fields is essentially
a small field with its own uniform slope.

There are consequences to leveling, which is
that moving the soil can cause changes in fertili-
ty (discussed in the next section), as well as pos-
sibly bringing up weed seeds that were buried
deeper in the soil profile. The year after a new
leveling event, growers may see weed species
that were previously thought to be eradicated,
as well as weeds in different locations through-
out the field.

Soil Fertility

Leveled fields frequently have infertile and fer-
tile spots related to the cuts and fills. Since most
nutrients in the soil are concentrated in the plow
layer, and subsoils are usually alkaline and may
have infertile cemented hardpans, the effects of
leveling on crop nutrition should be a primary
consideration during the planning stage. The
leveling plan should consider the depth to in-
fertile subsoil and try to avoid it. The National
Resources Conservation Service has irrigation
land leveling specifications: “In cut areas, when
highly permeable or otherwise un- suitable sub-
soil conditions are encountered, the cuts shall

be over excavated and the topsoil replaced. In
the fill areas, if specified, the topsoil will be
stripped, the fills partly made and the topsoil re-
placed.” (NRCS 2000). While more expensive,
this method will help reduce the damage from
deep cuts and help maintain uniformity of soil
fertility.

Levees

Levees can be either permanently installed
or taken down annually and reinstalled each
spring. Permanent levees predominate in
rice-only areas while annually installed tem-
porary levees are common in mixed cropping
areas or where a rotation crop may be grown
occasionally. Construction of permanent le-
vees should be integrated with the leveling plan
because they are larger and require more soil.
Temporary levees are built by pulling a large
disk ridger or levee squeeze across the prepared
field, gathering soil from a width of 11 to 13’.
To prevent seepage, temporary levees often
require the construction of two parallel levees
with a borrow pit (indentation) between them.
When the levees are knocked down and the field
worked, the soil returns to its original position.
In some rice-only fields, the individual basins
are large (>25 ac) and the levees around them
are wide enough for roads, which gives com-
plete access for management. The benefits of
permanent levees include freedom from annu-
al installation, road access, no borrow-pits, and
roll-overs. Roll-overs are flattened areas at the
ends of levees for equipment to cross over from
basin to basin. The disadvantages of permanent
levees are that perennial weeds grow which may
contaminate the crop and rodents establish and
cause leaks. Some annual repair work is neces-
sary to keep weeds and rodents under control,
using herbicides, rodent baits, traps, and discs
to repair holes.

Temporary levees take extra work to build
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and may require a fresh map or survey of the
levee locations each year. Fields in a rotation
usually need a fresh levee survey when com-
ing back into rice. Temporary levees are usu-
ally free of perennial weeds and rodents. The
big advantage to temporary levees is that they
can be constructed after soil preparation, mak-
ing it easier to quickly prepare a large field. Ir-
rigation boxes for temporary levees are usually
reinstalled each year, although some growers
leave the boxes in from year-to-year and just re-
move the levee. Temporary levees are built on
the prepared field, first marking their location,
then pulling the levee. A large rice ridger can
work in unplowed soil, but takes several passes
to gather sufficient soil for the levee. A squeeze
or crowder requires that the ground be loosened
first by plowing and drying, then a single pass
will create the levee. Both types leave a borrow
pit, which means there is unproductive land.

All three levee types, temporary, permanent,
and roads, use approximately the same amount
of land. A typical leveled field usually has 3-5%
of the land in levees. An unleveled field with
contour levees may have as much as 10% of the
land in levees.

The orientation of levees relative to wind direc-
tion can be an important consideration during
the planning stages, particularly if the basins are
long. Strong winds blowing across the surface
of long basins will ‘pile’ the water on the down-
wind side, which may cause erosion damage to
field sides and levees, and sometimes breaches
in levees. In addition, the deeper water may im-
pact rice growth and possibly uproot plants. Le-
vees that are crosswise to the wind help reduce
the damaging effects. Larger basins are more
susceptible to the effects of wind but are more
efficient in many respects, so some compromis-
es are necessary.

Grade

Grade refers to the slope of the land surface.
This means small elevation changes across the
field, called either the ‘slope’ or ‘fall’. Because
rice needs fairly shallow and uniform water
depth large variations in elevation cannot be
tolerated. Slope is usually expressed in tenths
of a foot per hundred feet of distance or as a per-
centage. For example, a slope of 0.1°/100’ is the
same as 0.1%. A 0.1% fall is equivalent to one
foot every thousand feet. One foot is too great a
fall for high-yield rice production so levees are
necessary to break up the field and make sure
that water depth will vary no more than 3-4”,
and preferably no more than 2.5”. Many fields
are leveled to much less than 0.1%, often 0.02
to 0.05%, allowing for wide levee spacing and
greater efficiency. Many fields that are used
only for rice have no slope at all and are com-
pletely flat. Others have compound grades so
that levees are set at an angle to the edges of
the field. Many fields have more than one grade,
so that levee spacing is not uniform across the
field. This is usually related to the cost of level-
ing which may make it impractical to establish
a uniform grade.

Two goals of leveling and setting levees are to
space them far enough apart to minimize their
number, but close enough together so that the
fall between, which affects water depth, does
not exceed what the crop can tolerate. Two ex-
amples in the shaded box deal with these prima-

ry goals.

The point of the first example is that you choose
your levee spacing consistent with the slope
of the land and the needs of the crop. Usually,
when the leveling plan is developed based on
the criteria discussed above, you can determine
levee spacing on the map. If the field falls in two
directions, the calculation is the same although
the levees will not be perpendicular to the side
of the field. In practice, levee positions can be
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done with a laser transit simply by finding those
spots in the field that represent the desired fall.

The second example is really the corollary of
the first. This may be useful if you know the
slope and levee spacing, but the water on the
low side is too deep and you want to move the
levees.

Irrigation Systems

Water delivery and distribution must be consid-
ered in the development of the field. While the
levees are the primary means of controlling and
containing water, other structures are necessary
to regulate and distribute it. The method of wa-
ter management is also integrated into the field
development plan. Several irrigation system
design options are discussed in the section on
Water Management.

Irrigation boxes

Weir boxes in each levee are the primary means
of regulating water flow and depth. Several
materials have been used to build weir boxes,
including wood, steel, cement, plastic, and fi-
berglass. Figure 3 is a typical wooden rice box.
Redwood is cheap and easily repaired and is
useful in fields where levees and boxes are re-
moved annually. Fields with permanent levees
often use more durable materials such as cor-
rugated plastic pipes connected to steel drop

Figure 3. Typical wooden rice box. From: Hill et.al. 1991.

boxes. All have common properties including a
flume or pipe to move water from one side of a
levee to the other, and removable ‘flash boards’
which hold water back to a given depth and let
the excess flow over the top. Water level in the
basin above the box is regulated by adding or
removing boards. Weir boxes are usually placed
near the ends of levees, often on both ends, and
sometimes opposite ends in adjacent levees to
promote water circulation. The size and num-
ber of rice boxes are dependent on the required
capacity to move water from one basin to an-
other. Rice boxes, as in Figure 3, are typically
18” high, 48” long, and 24-48” wide. The pipe
diameter in permanent rice weirs is usually 12-
18”.







VARIETY SELECTION & MANAGEMENT

Introduction and History

Since its beginning in 1912, California’s rice
industry limited its production and marketing
largely to a few short and medium grain japon-
ica varieties, developed from stocks originating
in Japan and China. These varieties produced
good yields of quality rice in the dry, temper-
ate climate of the Sacramento and San Joaquin
Valleys. For the grower, the choice of variety
to plant was relatively simple because the few
varieties available were similar in performance,
yield potential and milling quality when proper-
ly managed. Included were Colusa, Caloro, and
Calrose, all released from the grower owned
and funded Rice Experiment Station (RES) at
Biggs, CA in 1918, 1921 and 1948, respective-
ly, and Earlirose, a productive, early maturing,
proprietary variety, released in 1965 which soon
became a popular variety for cold areas and/or
late plantings. These were the major rice vari-
eties grown in California until the early 1970’s.

Then, the variety picture began to change sig-
nificantly. A powerful impetus for this was
the enactment of the California Rice Research
Marketing Order that established the California
Rice Research Board in 1969. This grower ini-
tiative provided significant and regular funding
to hasten development and release of new va-
rieties. The medium grain variety CS-M3 was
released in 1970 and the short grain variety
CS-S4 in 1971, from rice hybridizations made
in 1946 and 1957 at the RES. CS-M3 gained
wide acceptance and competed with the older
Calrose for acreage. But CS-S4, though an im-
provement over Caloro, was not widely grown
because of its susceptibility to low temperature
induced sterility. The last tall stature variety
from the RES breeding program, M5, was re-
leased in 1975.

In 1976, Calrose 76, the first short stature
(semidwarf) California rice, was released. This
late maturing medium grain variety was a ra-
diation induced mutant selected by the USDA

in Davis in 1971. It was soon followed by the
semidwarf M9, developed by hybridizing the
tropical “green revolution” variety IR-8 by the
RES. Thus began the era of short stature rice
in California, which was to have enormous
consequences. Subsequently, numerous variet-
ies have been released in a range of maturity
groups with different grain shapes and culinary
characteristics.

Acreage

Publicly developed and introduced rice vari-
eties are grown annually on over 90% of the
planted acreage and more than 40 introduced
proprietary varieties are grown on the rest (See
Tables 1 & 2). Most of the varieties grown in
California are classified as “temperate japoni-
cas,” adapted to the cooler rice growing areas
and temperate latitudes of the world. This is
contrast to “tropical japonicas” (grown in the
Southern US) or indicas that constitute the
majority of the world’s rice production. About
80% of the acreage is planted to ‘Calrose’ type
medium grain varieties destined for a host of
purposes including table rice and manufactured
uses. California short grains and as well as in-
troduced and proprietary varieties are also tem-
perate japonica. Long grain varieties are trop-
ical japonicas. California short and long grain
varieties are also planted on two to three percent
of the acres. Premium quality medium and short
grain rice is grown on about 10% of acres, and
is destined for higher priced table rice markets.
Additional small acreages of specialty varieties
are also planted, such as sweet rice (also called
mochi, glutinous or waxy), arborio types (large
or bold grain), and aromatic long grains includ-
ing conventional, basmati, jasmine, and colored
bran types.

Publicly developed and introduced rice vari-
eties are grown annually on about 96% of the
planted acres.
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Table 1. Outline of the RES rice variety naming system and varieties offered in 2023. Grain type letter(s) are combined with a numeric
descriptor. The first digit is the maturity group, the others are in the order of release.

Grain Type Very Early Early Intermediate Late
(100-199) (200-299) (300-399) (400-499)
Short (S) S-102  S-202 - - -
M-105 M-206 M-209 -
Medium (M) M-210 M-211 M-401
L-205 L-208

Long (L) - L-207 - -
Calmochi sweet rice (CM) CM-101 CM-203 - -
Aromatic (A) - A-202 A-301%* -

Calhikari short premium (CH)

CH-201 CH-202
CH-203

Calmati basmati type (CT) - CT-202 - -
Calaroma jasmine type (CJ) - CJ-201 - -
Calamylow (CA) - CA-201 - -

*seed production discontinued.
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Table 2. Rice acreage estimates for Rice Experiment Station varieties in 2021 and 2022.

2021 2022
Variety : : T : - T
Seed Acres’ Percentage Estimated Acres® | Seed Acres' Percentage Estimated Acres
Medium Grain
M-105 2,945 12.1 48,808 2,645 13.8 35,279
M-206 8,172 324 131,382 5,332 27.9 71,119
M-209 4,665 20.5 82,957 2,506 13.1 33,429
M-210 2,053 8.4 33,944 1,725 9.0 23,013
M-211 1,542 6.5 26,232 2,729 14.3 36,401
M-401 1,136 4.6 18,790 407 2.1 5,428
Total RES-Medium| 20,513 84.5 342,113 15,343 80.3 204,669
Non-RES Medium 1,400 5.2 20,887 999 5.2 13,331
Total Medium Grain| 21,913 89.6 363,000 16,343 85.5 218,000
Short Grain
CA-201 1 0.04 143 7 0.1 170
CH-201 50 0.2 707 46 0.4 1,126
CH-202 145 0.5 2,067 232 2.2 5,622
CM-101 484 1.9 7,525 106 1.0 2,569
CM-203 346 1.5 5,889 193 1.8 4,689
S-102 198 0.7 2,816 256 2.4 6,206
S-202 16 0.1 221 2 0.02 54
Total RES -Short 1,238 4.8 19,368 842 8.0 20,436
Non-RES Short 613 3.9 15,632 394 38 9,564
Total Short Grain 1,851 8.6 35,000 1,236 11.8 30,000
Long Grain
A-201 241 0.5 1,987 206 0.6 1,476
A-202 220 04 1,814 214 0.6 1,540
CJ-201 79 0.2 652 276 0.8 1,984
CT-202 17 0.0 140 18 0.1 129
L-205 20 0.0 167 46 0.1 331
L-207 207 04 1,707 155 04 1,114
L-208 10 0.0 78 19 0.1 134
Total RES -Long 794 1.6 6,545 934 2.6 6,710
Non-RES Long 1 0.0 455 40 0.1 290
Total Long Grain 795 1.7 7,000 974 2.7 7,000
USDA-NASS Acres
Medium 363,000 218,000
Short 35,000 30,000
Long 7,000 7,000
TOTAL 405,000 255,000

¥ Seed acres represent the number of approved seed acres in the California Crop Improvement seed certification program.

! Estimated acres were determined by using the percent acres in seed production and the total reported USDA-NASS acres.
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Naming System for Public
Varieties in California

In 1979, the California rice industry developed
a uniform naming system for new RES devel-
oped rice varieties, based on grain type, maturity
group and order of release. This was necessary
to avoid confusing the large number of varieties
to prevent mixing of different type grains and
to avoid inappropriate planting dates. Varieties
should be referred to by their complete letter,
numerical and descriptive name because delet-
ing any component may lead to serious errors.

The name of a new variety contains a prefix let-
ter designating its grain type as long (L), medi-
um (M) or short (S). Specialty rice will carry a
descriptive word prefix, such as Calmochi for
waxy or sweet rice, Calmati for basmati-like
rice, Calhikari for premium quality short grain
rice, Calamylow for low amylose (=7%) type
rice, A for aromatic long grains, and Calaroma
for jasmine long grains. Immediately follow-
ing the letter or name descriptor is a three-digit
number separated by a dash (-) from the letter
or name. The first digit in the number designates
the maturity group as either 1 (very early), 2
(early), 3 (intermediate) or 4 (late). The last two
digits indicate the order of release of this type,
from 01 to 99, starting in 1979 when this system
began. For example, M-105 indicates a very
early maturing medium grain variety which was
fifth in order of release.

Proprietary and Introduced
Varieties

In addition to the publicly developed variet-
ies, some varieties of Japanese origin are also
grown and retain their Japanese name, such as
Akitakomachi and Koshihikari. Several com-
panies also introduce or develop varieties for

California while others have introduced variet-
ies with unique characteristics such as colored
bran, aroma, and special culinary properties.
The 2020 list of all rice varieties in California
approved for production, their commercial im-
pact designation and tier is provided in Table
3a, 3b and 3¢ for medium, short and long grain
varieties, respectively.

Grain and Plant Characteristics
Important for Management

Successful production and marketing of rice re-
quires knowledge of plant and grain character-
istics. Since a rice grower’s first concern is usu-
ally the market for which the crop is intended,
primary consideration must be given to grain
shape, appearance and culinary characteristics.
Second, yield performance is usually an im-
portant criterion for variety selection, although
for certain varieties, market quality outweighs
yield. Varieties should also be chosen on the ba-
sis of their relative maturity so they can fit the
cropping schedule of a particular farming oper-
ation or are suitable to a particular climatic con-
dition. For example, late maturing varieties fit
early planting schedules; cold tolerant varieties
are needed for cooler areas. Agronomic charac-
teristics, such as lodging and nitrogen response
may also be considered in addition to straw
quantity and quality and pubescence (rough
or smooth leaf and hull). Currently, no Cali-
fornia varieties have insect or herbicide resis-
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Table 3a. Medium Grain Rice varieties approved for production in California and commercial
impact and tier designation.

Variety CI Non-CI Tier
02-PY-014 v
02-PY-021
85-101-10
91-130-02
94-158-01
Amber (formerly00-117)
Arborio (incl CA Arborio)
Black Japonica (LBJ-489)
Black Rice — SWF
Black Rice (SunWest)
Calriso
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Carnaroli (all subtypes incl MH-1)

Crystal (formerly 04-116)
Farah (formerly 02-121-03)
FRC #11

FRC #22

Frances v 2
Guadiamar
Hong Kong Black (HKB-102) v 2
Jade (formerly 07-122) 4
Kokuho Rose v
LBJ-115 v 2
LMR-206 v 2
M-103 (not in seed production)
M-104

M-105

M-201

M-202

M-204 (not in seed production)
M-205

M-206 (formerly 98-Y-242)

M-207 (formerly 00-Y-805 not in
seed production)

M-208
M-209
M-210
M-211
M-401

< <13

\
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Table 3a. Continued

M-402

Millrose

NFD181

\

Riz Rouge Camargue

Rojito (SunWest)

Royce (formerly 95-164-01)

RRI -226

RRI-321

Shasta (formerly 98-102)

SP-211

SP-311

SP-411

Trisha (formerly KR4)

N RN RN AN RN RN BN AN

Wehani LWE-218 (Lundberg)

Winsor (formerly 02-120)

WRM-3538

Remy

Royal

Jemma

Imperial

NEANANAYAY A

Table 3b. Short Grain Rice varieties approved for production in California and commercial impact

and tier designation.

Variety CI Non-CI Tier

A-17 v

A-20 4 1
Akita Komachi v

Asuka (formerly 04-302) v

BL-2 (not in production) v 1
Calamylow-201 (formerly BL-1) v 1
Calhikari 202 v
Calhikari-201 v

Calmochi -101 v 1
Calmochi --203 v 1
Caloro v

Calpearl v 1
Carnaroli (all subtypes incl MH-1) v 1
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Table 3b. Continued

Variety CI Non-CI Tier

Himenomochi v 1
(formerly PI 504474)

Hitomebore v

Kogane Mochi v 1
Koshihikari v

NFD 108 v 1
NFD 109 v 1
S-102 v

S-201 (not in seed production) v

S-202 v

S-6 v

Sasanishiki v

SP-2 v 1
Surpass v 1
Vialone Nano v 1
WRS-4431 v 1
Yamada Nishiki v

Table 3c. Long Grain Rice varieties approved for production in California and commercial
impact and tier designation.

Variety CI Non-CI Tier

A-201 v 1
A-202 4 1
A-301 v 1
Aromatic Long Grain Red Rice 4 2
Calaroma v 1
Calmati-201 v 1
Calmati-202 v 1
Donana v

L-202 (not in production) v

L-203 (not in production) 4

L-204 (not in production) v

L-205 (not in production) v

L-206 v

L-207 4

L-208 4

Long Grain Red Rice v 2
P-2 Denosa v

P-3 Isla
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Table 4. Approximate size and shape classifications for California rice varieties, brown basis.

. . Kernel wt. (g/1000
Length (mm) Width (mm) Length/ width )

Premium short 5.2 2.8 1.8 20.2
Short 5.5 3.3 1.7 27.6
Premium 6.7 22 23.9
medium

Medium 6.1 2.9 1.9 23.8
Arborio 6.3 33 1.9 25.3
Long 7.8 2.2 3.5 21.5
Aromatic 8.2 2.1 3.9 23.1
Basmati type 7.5 2.1 3.6 21
Mochi 53 1.8 23.9

tance, but will in the future, which may become
a primary selection criterion. For those blast
prone areas, a blast resistant variety would be
consideration (M-210). Rice plant and grain
characteristics are discussed below.

Grain Quality

Milling, market and cooking/culinary qualities
are mentioned here because they are influenced
by varietal selection and management methods.
For example, genetic characteristics influence
milling quality, which will influence choice of
variety. In addition, many quality components
of Japanese premium short grain varieties are
influenced by production practices.

Grain Starch Content

Amylose is a straight chain glucose molecule,
as contrasted to amylopectin, a larger high-
ly branched glucose molecule. In general, the
more amylose a variety has, the less sticky it is.
The majority of California rice is Calrose type
medium grain and has low amylose content
which tends to make it soft when cooked and the

grains tend to stick together. “Calrose” is a mar-
keting term that refers to all non-premium qual-
ity medium grain rice varieties with cooking/
culinary characteristics similar to the original
Calrose variety. Demand for Calrose varieties
remains strong, and they occupy over 80% of
the state’s acreage. California non-premium
short grain rice also has low amylose and cooks
similarly to Calrose and is used as table rice,
brown rice, and rice cakes.

Long grain rice in California has higher amy-
lose than medium and short grain which imparts
a firm, dry characteristic when cooked. Calaro-
ma-201 has a low amylose content similar to
medium grains and is softer cooking.

Scent: Aromatic and Basmati Types

A few California varieties, such as A-202, are
known as aromatic and have a distinctive scent,
similar to popcorn, particularly when cooked.
The scent is also discernible in the field. It is
from a high 2-acetyl-1-pyrroline content com-
pared to non-aromatic varieties. In addition to
aroma, Basmati-type varieties (Calmati-202)
also have a cell wall arrangement in the grain
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that results in grain lengthening during cook-
ing as compared to other varieties which tend
to expand uniformly when cooked. Otherwise,
they have amylose starch content similar to
other long grain varieties. Aromatic and Bas-
mati type rice sells in a unique market. Calaro-
ma-201 is also aromatic but has different cook-
ing properties. The presence of aroma makes it
very important to maintain identity preservation
of aromatic varieties to avoid mixtures with
non-aromatic types.

Arborio/Chalky Types

Arborio is the name of a short grain variety from
Italy and a market type for similar varieties
grown in California. This type is characterized
by having a very large kernel, and an excessive
amount of chalkiness which is the presence of
white, opaque areas within the milled kernel, as
contrasted to the translucent whiteness of most
varieties. Chalk is a heritable defect and is one
of the first things rice breeders eliminate in most
varieties because it results in low milling yields
and poor appearance.

Chalk is referred to as white belly and other
names, depending on the position of the chalk on
or in the milled kernel. But for Arborio, chalk is
associated with superior culinary properties for
specific dishes, primarily risottos. Other than
genetics, chalkiness is caused by high night-
time temperatures during grain fill, high harvest
moisture, uneven ripening, and cultural practic-
es that result in uneven ripening and presence of
immature kernels at harvest.

Specialty varieties currently grown include ar-
omatic rice (conventional, basmati type), arbo-
rio type (large, chalky grain), mochi (which has
no amylose), and colored bran (red or nearly
black). The latter has little or no amylose.

Plant Characteristics

Relative Maturity

Maturity of California rice varieties is classified
by the number of days from planting to 50%
heading in the warmer areas of the state. Four
categories are used (Table 5). Maturity differs
primarily in the length of the vegetative stage.
Beyond 50% heading, California short and me-
dium grain varieties normally require another
40 to 55 days for grain maturity in warm areas,
and 5 to 15 days more in cool areas. Long grain
varieties usually ripen 5 to 10 days faster after
50% heading than medium grain varieties. Ma-
turity is relative and can be advanced or delayed
by planting date, nutritional status, temperature
and other environmental factors.

Very early varieties are commonly grown in
cooler areas and for late planting when lat-
er varieties are not well-suited. An increasing
practice is to plant them early in warm areas to
advance harvest to allow more time for straw
management and to shorten the water season.
Maintenance of milling quality can be more of
an issue when very early varieties are planted
early.

Table 5. Variety maturity group and days to 50% heading at RES.

) Days to
Maturity Group X
50% heading
Very Early <80
Early 81-90
Intermediate 91-99
Late > 100

Early varieties occupy roughly 70-75% of the
acreage. They are predominately Calrose type
and are generally higher yielding varieties. Ear-
ly varieties provide flexibility because they are
suited to a wide range of planting dates.

Intermediate maturity varieties were intend-
ed to provide a more timely harvest sequence.
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However, there are few representatives in this
category because of the industry preference for
earliness.

Late maturity varieties were also intended to
provide options for harvest sequencing. Howev-
er, most late varieties currently grown are used
because they have particular characteristics,
such as premium quality, rather than for their
value in scheduling harvest. They are generally
planted before May 1. About 4% of the acres are
typically planted to late maturing varieties.

Seedling Vigor

Seedling vigor refers to early growth and in-
cludes rapid leaf emergence through the water,
stand density, growth rate after emergence, leaf
droopiness, and leafiness. Vigor is an import-
ant component in variety evaluation because
it helps improve stand establishment. For the
grower, vigorous varieties make water man-
agement easier and may improve competition
against weeds. California varieties vary in their
vigor over a fairly narrow range, with the long
grains having less vigor than medium and short
grains.

Plant Height

Plant height is the distance between the soil
surface and the tip of the erect panicle. Height
is important because of its relationship to plant
physiological processes and lodging which af-
fects harvestability and yield. Height classifica-
tions include short, intermediate and tall. Short
stature varieties at average soil fertility are less
than 95 cm; intermediate stature varieties are
95-105 cm; and tall varieties are taller than 105
cm. Prior to 1976, all California varieties were
tall and tended to lodge, particularly under high
nitrogen fertility. Beginning with the release of
Calrose 76, all varieties from the public program
have been short stature. Since full adoption of
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short stature varieties from 1976 to about 1980,
statewide average yields rose dramatically.

Pubescence of Hulls and Leaves

The predominant hull trait important to produc-
ers is the presence or absence of hairs. Pubes-
cent/hairy/rough varieties have numerous hairs
called trichomes distributed over the flower,
seed covers and leaf surfaces. Glabrous/smooth
varieties have a few hairs on the keel of the hull
and the margin of the leaves, but are otherwise
smooth. Before heading, smooth and rough va-
rieties can be distinguished by running a leaf
blade between thumb and finger and noting
whether its surface (not edge) is rough. Of im-
portance to producers is the fact that smooth va-
rieties have a higher bulk density (test weight)
than hairy varieties and result in heavier trucks
which can be easily overloaded; and tighter
packing in bin driers requires more pressure to
move air compared to rough varieties. Smooth
varieties are also less dusty during harvest and
drying, resulting in less discomfort for har-
vest and drier personnel. With the exception of
CM-101, CH-201, CH-202, CT-202, CJ-201,
and S-102, all public California varieties are
smooth. Both Koshihikari and Akitakomachi
are rough hulled.

Awns

Varieties may have long, medium, or short awns,
or may be awnless. The characteristic is under
genetic, and to some extent, environmental con-
trol. The importance of awns for producers is
in harvesting. Awns on some varieties may be
difficult to remove resulting in lower bulk den-
sity and difficulty in unloading harvesters due to
bridging, especially pubescent varieties.

Photoperiod Response

Some rice varieties respond to the length of the
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day, the time between sunrise and sunset. This
is the photoperiod. The transition from vegeta-
tive to reproductive growth is triggered by day
length in photoperiod sensitive varieties which
are mostly grown in the tropics. However, with
the exception of M-401, most rice grown in
temperate zones, including California, is gen-
erally insensitive to photoperiod, and responds
primarily to temperature.

Tolerance to Low Temperature Ste-
rility

Low temperatures during formation of the pol-
len mother cell (microsporogenesis) is a pri-
mary cause of panicle sterility (blanking). This
physiological stage coincides with the time
when the collar of the flag leaf is adjacent to the
penultimate leaf (next to the last leaf), and when
the panicle is still entirely inside the boot. The
cause is low temperature for a sufficient dura-
tion, particularly if it occurs for several succes-
sive nights. While many combinations of time
and temperature can cause blanking, an over-
night low of 55°-60° or lower can be used as an
alert that temperatures may be low enough to

cause damage. All varieties are screened for tol-
erance to blanking. Table 6 gives approximate
ranking of varieties by their general level of low
temperature sterility tolerance.

Pest Resistance

Resistance to diseases is a long-term goal of rice
plant breeding. To date M-208 and M-210 are
the only blast resistant varieties in California.
Relative levels of stem rot resistance are given
in the Agronomy Fact Sheets, and all fall with-
in a fairly narrow range. Efforts are continuing
to try improve resistance to stem rot and blast.
Resistant lines are being used but the problem
continues to be in recovering good agronomic
characteristics.

Characteristics of Varieties

UC Cooperative Extension produces Agronomy
Fact Sheets annually. The brochure “Character-
istics of Public California Rice Varieties” gives
a comparison of RES varieties in production.
There are individual brochures for varieties that
are prepared when they are released as well.

Table 6. Relative ranking of RES rice varieties for cold temperature sterility tolerance. The + sign indicates better tolerance for

the group.
Low Fair Good Excellent
Calmati 202 M-205 S-102 Calmochi 101
Calaroma 201+ M-209 S-202
M-401 L-206+ M-206+
A-202+ L-207+ M-105+
L-208+ M-210
M-211
Calmochi 203
Calhikari 201-
Calhikari 202-
Calhikari 203
Koshihikari-
Akitakomachi
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The brochures can be found online on the Rice
Experiment Station Website (www.crrf.org) un-
der the publications tab.

Management of Rice Varieties

Planting Date

Suggested planting dates for public varieties
are given in Table 7. These suggestions assume
average weather conditions will prevail. With-
in the preferred planting date range the variety
should perform well if other conditions are op-
timum. Planting outside these ranges increases
risk of weather-related damage. Planting dates
are not rigid and many growers accept the risk
and successfully plant outside these ranges.
They are meant only as a guideline. Warm areas
in Table 7 refer to the Sacramento Valley north
of Highway 20 and west of Highway 99. Cool
areas include south of Highway 20 and east of
Highway 99. Cold areas include south Natomas
and Escalon areas.

Seeding Rate

Short stature rice varieties perform well at uni-
form densities of 10 to 20 vigorous plants per
square foot. However, many rice fields have
plant populations over 30 plants. Plant densi-
ty can be quite variable and still produce op-
timum yield. For example, approximately 40
productive tillers per square foot, each giving
100 grains, will produce about 10,000 Ibs/ac.
The rice plant responds to different popula-
tions. Low density planting increases tillering,
whereas high density reduces tillering so that
the number of panicles per square foot remain
fairly constant across a wide range of planting
rates. In addition, the number of kernels per
panicle also increases or decreases, depend-
ing on the density of the panicles. Modern rice
fields are usually sown heavily to provide quick
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cover, weed competition and insurance against
catastrophic stand loss. Research has shown
that seeding rate, within a wide range, does
not dramatically affect yield, assuming normal
growing conditions. At all sowing rates, the
number of seeds is much higher than needed for
healthy stands if all the seeds made strong seed-
lings. However, the consequence of too dense
planting is primarily cost although some data
suggests that stem rot severity may increase in
dense stands. While seed cost remains low in
California, growers may continue to use high
seed rates without great penalty.

Nitrogen Rates for Different Varieties

Varieties differ in their nitrogen (N) require-
ments, particularly when comparing short stat-
ure Calrose and short grain types to taller pre-
mium short and medium grain types, and certain
proprietary tall varieties, such as Kokuhorose.
The yield of grain + straw (biological yield)
is similar for tall and short varieties. Howev-
er, with short varieties, more of the biological
yield is grain, due to more efficient partitioning
of plant energy (photosynthates). In addition,
they do not lodge as easily under high N fertili-
ty. Both higher efficiency and less lodging result
in higher yield than tall varieties. Recent field
trials have demonstrated small differences in N
requirements among common short stature va-
rieties. Nitrogen rate fertilization testing of new
releases has not been a research priority in the
decades since the shift to semidwarf varieties.
Over fertilization increases the risk of lodging,
disease, low temperature sterility, and is ineffi-
cient economically. Lower rates of N are used
in the premium quality short grains or specialty
varieties because of lodging is characteristic of
these types. Varieties with good lodging resis-
tance (M205 and M-209) may receive slightly a
higher application of N.
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Table 7. Suggested planting date ranges for public varieties.

Variety by Maturity Preferred Date Range Optimum Comments
Group
Very Early
S-102 May 1 - May 25 May 10 Avoid planting early in warm
areas with all early varieties.
Calmochi-101 May 1 - May 20 May 5 Advan'ce all dates by 5- to 10
days in cool areas. CM-203
is early to flower but slow to
Calmochi-203 May 1 - May 20 May 5 fill grain.
Early
M-206 April 20 - May 25 May 5 - 10 Adapted to most areas.
M-209 April 20 - May 25 May 5 - 10 Best used in warm areas.
M-210 April 20 - May 25 May 5 - 10 Adapted to most areas and
areas prone to blast.
M-211 Best used in warm areas
April 20 - May 25 May 5 - 10 and harvested at higher
moistures.
L-205 April 20 - May 20 May 5 - 10 Best used in warm areas.
L-207 April 20 - May 20 May 5 - 10 Best used in warm areas.
L-208 April 20 - May 20 May 5 Best used in warm areas.
Calhikari 201 April 25 - May 20 May 5 Avoid cool.ar.eas and
excess nitrigen.
Calhikari 202 April 25 - May 20 May 5 Avoid cool‘ar.eas and
excess nitrigen.
Calihikari 203 April 25 - May 20 May 5 Avoid cold areas.
A-201 April 25 - May 20 May 5 Avoid cold areas.
A-202 April 25 - May 20 May 5 Avoid cold areas.
Calmati 202 April 25 - May 20 May 5 Avoid cold areas.
Akitakomachi April 20 - May 20 May 5 Avoid cold areas.
Koshihikari April 20 - May 20 May 5 Avoid cold areas.
Late
M-401 April 20 - May 10 May 1 Avoid cold areas.
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Variety and Harvest
Considerations

Short and medium grain rice typically produce
higher head rice yields (HRY) than does long
grain rice. This is due to the more rounded,
thicker, and harder kernels of medium grains.
Additionally, earlier-maturing varieties may
yield less head rice than later-maturing variet-
ies, which is thought to be a result of grain fill-
ing processes.

Flowering patterns with the panicle vary some-
what between varieties. Anthesis (flower open-
ing) begins at the top of the panicle and pro-
ceeds downward, a characteristic present in all
California varieties and referred to as nonsyn-
chronous flowering. The number of days re-
quired for flower opening ranges from 4 to 8 de-
pending on the variety (Figure 1). The delay in
anthesis from the top to the bottom also means
that all flowers do not reach the stage of de-
velopment that is sensitive to low temperature
induced pollen sterility at the same time. Brief
periods of low temperature result in sections of
the panicle being “blank”.

Correspondingly, the range of moisture content
of individual kernels within a panicle can vary
from 15 to 30 percent moisture content even
though the average may be around 24 percent
(Figure 2). Research has shown that the ker-
nels at 15 percent moisture or less are likely to
fissure when exposed to several hours of dew.
Rice harvested at a moisture content of 18 per-
cent may contain a large portion of individual
kernels with moisture contents as low as 10 per-
cent. There is inherent risk if standard harvest-
ing procedures are adopted that uses an average
moisture content of 18 percent as the time to
harvest a given field.

The range of maturity (i.e. harvestable moisture
content) can be further accentuated by with-
in field variability in plant growth and devel-
opment. Such variation is attributable to such

3.14

Figure 1. The moisture content of individual kernels varies due to
the pattern of flowering within a panicle.

Figure 2. The range of kernel moisture content in a sample may be
15 perecnt or more

Figure 3. In field moisture content at harvest can vary widely due to
management and soil type.
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things as variable water depth, the uneven ap-
plication of nitrogen fertilizer, water tempera-
ture, or soil type. Research showed that the
moisture content in a California rice field can
range from 10 to 22 percent under routine farm
management practices (Figure 3). Without pri-
or knowledge of specific field, a simple “nosing
in” of the combine to check moisture content
can be misleading.

Environmental Effects on
Head Rice Yield

Rice harvested at low moisture content of-
ten does not produce low head rice quality if
it has not been exposed to rehydrating condi-
tions. During the dry north wind periods that
commonly occur during harvest, rice can dry
to quite low moisture contents and still produce
good milling quality because dry conditions
prevent dew formation.

However, when the north wind ceases and dew
forming conditions return, head rice yield drops.
In weather conditions with high dew point tem-
peratures, rice can rehydrate to fairly high mois-

ture contents, levels that normally associated
with high head rice yield (Figure 4). Rice that
rehydrates after a north wind can produce poor
head rice quality even though it is harvested at
the recommended moisture content. The history
of rice moisture content is an important aspect
of understanding the head rice yield produced
in a particular field. Soil type also influences the
time course of head rice loss. For example, a
more rapid decline in head rice yield would be
expected on light-textured soils exposed to dry,
windy conditions.

In 2003 and 2004 at RES, harvest moisture con-
tent dropped 6.2 and 8.2 percentages points by
the end of the windy period (Figure 5). During
the north wind head rice yield declined by over
8 points in both years. Interestingly, growers’
return per acre decreased by only $0.08 and
$0.17 per cwt in 2003 and 2004, respective-
ly (Table 8). During the dry weather, reduced
drying costs offset most of the head rice yield
loss. Typically, the west side of the Sacramento
Valley experiences more north wind days than
areas on the east side (Figure 6). The number of
windy days during harvest ranges from a low of

Figure 4 . Diurnal fluctuation in rice grain moisture before, during, and after a north wind period.
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Figure 5. Head rice yield as related to harvest moisture content before, during, and after a dry north wind period in 2003 and 2004, Biggs, CA.

Table 8 . Rice quality and value before, during, and after a dry north
wind period in 2003 and 2004 for M-202, Biggs, CA.

Moisture . Grower
Harvest date content H.e ad Rice Return
@) YD (grewy
Oct. 6 243 63.8 5.63
Oct. 13 18.1 55.6 5.55
2003 Oct.16 19.6 45.8 5.01
Oct. 4 22.8 58.2 5.46
Oct. 11 14.6 49.7 5.29
2004 Oct. 15 14.3 25.3 4.04

Figure 6 . Average number of north wind days at selected locations in
the Sacramento Valley. Data based on 10-year averages.
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1.0 around Nicolaus to around 4 near Orland.

Sampling for Harvest
Moisture Content

Rice moisture content may fluctuate by 5 or
more percentage points during a 24-hour peri-
od before and after a north wind period. When
evaluating a field in preparation for harvest, it is
important to sample at a consistent time of day,
such as around noon. By doing so the moisture
samples are comparable between days and pro-
vide a clearer picture of the dry down rate of
the rice. Rice will generally dry down at a rate
of about 0.5 percent per day, north wind and
high temperatures notwithstanding. For best
accuracy, use a harvester to cut the sample to
provide the best representation of the true mois-
ture content. Alternatively, one can hand strip
heads from random locations. Be sure to take
some of the sample from the lower, less-mature
panicles. Avoid taking just the ripe grains from
the topmost panicles; this will produce a sample
with a lower moisture reading as compared to a
combine cut sample.

Harvest Moisture Range
by Variety

As a general rule most newer Calrose varieties
(i.e. M-105, M-205, M-206, and M-210) with
the exception of M-211 and M-209, can be
harvested at a lower moisture content than the
older varieties (i.e. M-104, M-202, and M-401).
Head rice yields are fairly stable in the newer
varieties down to a harvest moisture content of
around 18 to 19%. M-209 and M-211 are not
as stable as the other new varieties and harvest
at low moisture should be avoided (Figure 7).
Good milling returns below this moisture con-
tent are both variety and weather dependent. Fis-
suring of rice can be caused by repeated cycles
of rice grains absorbing moisture during dew or
rainfall events followed by quickly drying out
again. These fissures are generally weaker and
tend to break during the milling process. The
drier the rice the more susceptible it is to fissure
and results in lower milling yields. Rice variet-
ies like M-211 and M-401 are more susceptible
to fissuring and resulting in reduced milling at
low harvest moistures (Figure 7). The potential
for varieties to have reduced milling at lower
moisture contents in some years but not others
is often related to long periods of dew during
dry down observed in those years. For example,
during the 10-year period from 2003 to 2012,
seven years had relatively few dew events of
eight hours or longer (Table 9). During the 2011
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Figure 7. Effect of harvest grain moisture on head rice yield of M-211 and M-206.
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Table 9.wwwW Total number of hours of dew at the Rice Experiment Station during harvest season , 2003 - 2012.

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
21-Sep 16 14 2
22 16 14 4 11 2 2
23 14 14 12
24 11 14 2 3
25 16 15 5 11
26 16 11
27 16 14 5 2 2
28 11 12 5 13
29 17 11 8
30 16 14 3 6
Oct.1 17 14 5 1
2 16 14 3 6 2 9
3 14 14 6 7 4 18 16
4 13 12 2 6 10 4 4
5 16 10 4 12 3
6 16 14 13 2 11 3 5
7 15 8 11 4 4
8 16 10 1
9 14 10 1 6
10 1 13 4
11 12 2 16 2 4
12 15 1 16 3 2
13 3 5 4 12 14
14 15 8 2 8 12 7 3
15 16 8 10 17 2 12
16 16 5 16 3 3
17 5 2 10 8
18 1 5 9 9
19 8 13 6 9 8 6
20 8 4 4 4
21 8 1 6
22 7 11 3
23 7 1 4

Figure 8. Variability and error in head rice yield results associated with appraisal sample collection, sample drying method,

and sample analysis.
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harvest season there were only two in nights
with extended periods of dew and none in 2012.
However, there were 7 continuous days of
heavy dew during peak harvest in 2007.

Reducing Variability in Quality
Appraisal Samples

* Variability and error in appraisal samples
can be minimized by:

* collecting a representative sample; do not
use a single catch can sample,

* drying samples with room temperature air
to maximize head rice quality,

* drying samples to the same moisture con-
tent, because lower moisture samples have
slightly, higher head rice quality than sam-
ples at 14 percent moisture content,

e using a standard multi-sample vacuum
probe and a splitter to obtain the needed
amount.

Analysis of replicated head rice samples ap-
praisals by the CDFA showed that results fall
within a range of 4.8 percent (+ 2.4 percentage
points). Variability was greater when the sam-
ples were appraised within a few days of drying
but did not change after longer periods of stor-
age (Figure 8).

Sample Drying

Air temperature used for sample drying can
affect head rice quality. Maximum quality is
achieved by using air at a constant room tem-
perature of 75°F or lower (Figure 8). If the air
is heated, the rice should be exposed to warm
air only periodically and allowed to temper be-
tween exposures. For example, the California
Warehouse Association recommends heated air
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at 100°F followed by a 4-hour tempering before
the next 30-minute exposure. This procedure
produces head rice yields about 2.5 percent-
age points lower than the room temperature air
method.

Sample Moisture

Sample moisture content at milling appraisal
affects head rice yield. For example, medium
grain rice gains about 2 percentage points of
head rice when the sample moisture drops from
13.5 to 12 percent. Short grain rice is less affect-
ed by sample moisture. In contrast, long grain
rice may have a 6-point spread over this range
of grain moisture content.

Rice Certification Law

California’s complex market and variety situ-
ation requires procedures to ensure that differ-
ent types of rice do not get mixed. Transgenic
varieties with unique production and quality
traits are not currently grown commercially in
California. While biotechnology has enormous
potential to create rice varieties with a wide
variety of nutritional, medicinal and industrial
uses, it is important to prevent commingling
with other, similar looking varieties that are not
transgenic. Processors are demanding assuranc-
es of purity in response to the consumer reac-
tion to transgenic crops, particularly in export
markets. Hence, the California rice industry
sponsored the California Rice Certification Act
of 2000 to ensure consistently high quality of
California rice, maintain consumer confidence,
and enhance and protect California’s reputation
as a provider of high-quality rice.

The Rice Certification Act of 2000 (Assembly
Bulletin 2622) was signed into law on Septem-
ber 22, 2000 and its provisions went to effect
in the 2003 crop year. This legislation contains
both mandatory and voluntary identity preser-
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vation (IP) components allowing for the certi-
fication of any verifiable attribute of rice. The
California Rice Commission (CRC) recognized
that “There is a growing need to maintain the
identity of various types of rice to satisfy in-
creasing consumer demand for specialty rice
varieties. This demand requires providing the
industry with the ability to establish the terms
and conditions for the production and handling
of rice in order to minimize the potential for the
commingling of various types of rice, and in
order to prevent commingling where recondi-
tioning is infeasible or impossible.” All rice va-
rieties for commercial production in California
possessing “traits of commercial significance”
will be required by statute to be produced within
an IP certification system. The cost of the man-
datory program will be borne by the growers of
the specialty rice seed and grain. The CRC is
empowered to collect fees, receive and inves-
tigate complaints, provide notice of action re-
garding alleged violations, and seek injunctive
relief and other legal means to prevent violation
of the Act. The Rice Certification Act is an ex-
ample of a product-based IP system.

Any characteristics that may adversely affect
the marketability of rice if mixtures occur are
defined as having “commercial impact.” Includ-
ed are those that can be visually identified (e.g.,
bran color, grain shape, grain size, etc.) or that
require specialized equipment to determine their
identity or composition (e.g., lab cooking tests,
taste panels, DNA or specific protein tests). For
example, if rice with red bran were mixed with
Calrose type medium grain, the mixture would
have lower value, and hence be commercially
impacted. All rice grown, sold or processed in
California will be evaluated for characteristics
of commercial impact, including rice brought
into California for processing or sale, and IP
protocols can be required for production, han-
dling, transportation and storage of a given vari-
ety to prevent contamination of other rice. Sev-
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eral specialty varieties currently being grown
and successfully segregated in California (e.g.,
sweet, scented, basmati, arborio, and colored
bran varieties) may eventually be identified as
having commercial impact. IP procedures for
these varieties are already in place.

An advisory committee will recommend reg-
ulations to the Secretary of the California De-
partment of Food and Agriculture pertaining to
rice identified as having characteristics of com-
mercial impact. The advisory committee will
consider each variety separately and render a
judgment, using science, economics and market
experience, as to whether a given attribute has
the potential for commercial impact. If it does,
the committee will then establish terms and
conditions of production, transportation, drying
and storage to segregate the commodity from
other rice types. These may include the method
of seed application to prevent contamination of
neighboring fields, buffer zones between fields,
handling requirements to prevent mixtures, and
other IP requirements.

An expressed intent of the Act is to encourage
research and development of new types of rice.
However, to prevent contamination and intro-
duction of exotic pests, the committee must
approve research protocols to ensure that the
research will not have negative commercial
impact. Researchers will be required to submit
their research protocols, location of the research
and acreage to the advisory committee and fol-
low required procedures. Specific attributes of
the rice for research do not have to be revealed.
“Research” is limited to 50 or fewer acres of a
single type of rice or rice that is intended for
commercial use. The advisory committee also
reviews procedures for rice brought into the
state from other states or countries for research
purposes. Current state or federal regulations
for bringing such rice into California will apply
unless the committee can justify that they are
not acceptable. This Act does not apply to rice




CALIFORNIA RICE PRODUCTION WORKSHOP 2023

research conducted by the University of Cali-
fornia except when such rice enters the chan-
nels of trade.

Separate from the work of the advisory com-
mittee, the Act allows the CRC to establish a
voluntary program to certify any verifiable at-
tribute of rice although it has not been used to
any extent to date. Certified rice may be labeled
with the words “This lot of rice certified (spec-
ified attribute) in accordance with the Califor-
nia Rice Certification Act of 2000.” Certifiable
attributes include any of those characteristics
that can be verified, such as origin, scent, col-
ored bran, mochi quality, variety, etc. One may
certify, with the appropriate documentation and
procedures, that a given lot of rice has or does
not have a particular attribute. Hence, rice could
be certified as non-transgenic or free of colored
bran. Rices with and without commercial im-
pact and seed, rough, and milled rice can all be
certified. The Act does not certify rice as organ-
ic, although specific attributes of organic rice
could be certified.

Regulations on Varieties
and Rice Seed

Rice seed can only be introduced into the US
through a USDA APHIS approved quarantine
permitted greenhouse protocol. A similar quar-
antine protocol is also required to bring seed rice
into California from the rice producing states in
the southern US. All rice varieties grown in Cal-
ifornia must be reviewed by Rice Certification
Committee of the California Rice Commission
for determination of commercial impact (CI)
and approved for commercial production.

Varieties are classified as;

1. No commercial impact (standard medium,
short and long grains).
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2. Tier 1 premium short grains, waxy or mo-
chi, bold grains, or aromatics.

3. Tier 2 colored bran, or genetically modi-
fied (currently none in the US).

4. Tier 1&2 have requirement for identifica-
tion, handling, planting and harvest to pre-
vent contamination.

5. Testing for the presence of the transgenic
“Liberty Link” event that contaminated
southern US long grains will only contin-
ue on “foundation” seed for all commercial
varieties.

6. Beginning in 2019 all commercial rice
planting in California must use a class of
certified seed, (see California Crop Im-
provement Association) or an approved
seed program for varieties not able to be
certified or proprietary (e.g. Quality Assur-
ance (QA) seed).

Intellectual Property Protection

Since the unauthorized export of RES rice va-
rieties to Spain in 1989, rice varieties released
by the California Cooperative Rice Research
Foundation’s (CCRRF) Rice Experiment Sta-
tion have been protected under the US Plant
Variety Protection Act (Title 5 to be sold as a
class of certified seed only and not for export)
and since 2000 all releases have been protected
with US Utility Patent. Use of these varieties for
breeding or genetic research requires a material
transfer agreement. Beginning in 2018 all seed
producers of RES rice varieties will be licensed
by CCRREF that includes registering with com-
plying with the requirement of the California
Crop Improvement Association and the Califor-
nia Department of Food Agriculture.
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Appendix A

story of California Rice Varieties

The short grain varieties, predominantly Cal-
oro and Colusa, occupied essentially all of Cal-
ifornia’s production until the late 1950°s. The
state’s production shifted to Calrose following
its release in 1948. California’s short grain acre-
age continued to decline due to the success of
Calrose and its progeny that currently occupy
more than 80 percent of the rice acreage. Long
grain, waxy short grains, aromatic long grains
have been developed but have never occupied a
large percentage of California’s rice production.
A detailed review of California’s rice history
from it’s beginnings to 1980 had been prepared
by J. H. Willson (Willson 1979).

The accelerated rice breeding program initiat-
ed in 1969 began delivering new rice varieties
to growers beginning in 1976. The successful
development of semidwarf Calrose mediums
grains was accomplished by Rugter et al. (1977)
through induced breeding and Carnahan et al.
(1978) through backcrossing. These founding
semidwarfs formed the germplasm pools that
have allowed the development and release of
19 improved medium and short grain Califor-
nia varieties. The medium grain decedents of
Calrose were selected to have Calrose cooking
and processing characteristics and are predom-
inantly commercially commingled in drying,
storage, and utilization.

The California breeding program began to de-
velop adapted long grains from different parent-
age for California. Tseng et al. (1984) released
the well adapted and productive L-202. L-202
has been a successful parent in the develop-
ment of recent long grain varieties Cypress and
Cocodrie developed in Louisiana. L-202 seed
was also exported to Spain and renamed “Thai-
bonnet” and it has become the major long grain
variety grown in that region. Additional long
grains were released by Tseng et al. with im-
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provements in agronomic, milling, and cooking
quality; however, long grain production still oc-
cupies <5% of California’s rice acreage.

California’s traditional short grain acreage has
remained small in recent years after losing a
major market in Puerto Rico. Premium quali-
ty short grains, primarily the Japanese varieties
Koshihikari and Akitakomachi, developed in
the late 1990s in response to the opening of the
Japanese market to rice. Satisfying the quality
requirement for the Japanese market has proven
to be a significant challenge at the commercial
level with the Japanese varieties. Developing
high yielding adapted varieties with premium
quality characteristics has proven to be an even
more difficult task. Premium short grain pro-
duction seems to have become established in
California, but the acreage is fluctuating being
subject to trade and marketing issues.

California has an established premium quality
medium grain production. These types cook
similar to the Japanese premium short grains
with a similar texture appear very shiny and
remain soft after cooling. They trace their an-
cestry back to the proprietary tall late maturing
medium grain varieties Terso and Kokuhorose.
M-401, an induced semidwarf of Terso, is the
predominant variety.

Specialty rice varieties occupy a small acre-
age. They include Calmochi-101, waxy short
grain, aromatic long grains, Mediterranean bold
grains, and colored bran. They are grown under
contract and include proprietary lines and intro-
ductions.

The Calrose market type grown in California
may include several medium grain varieties.
M-206 has been the predominant variety pro-
duced in the state over the last several years.
Table I contains a summary some of the major
physicochemical characteristics of several Cal-
rose medium grains. They have a low apparent
amylose content and low gelatinization tem-
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perature. The kernel size and shape are identi-
fiable features of these varieties. Cooking and
processing characteristics including desirability
for breakfast cereals are recognized in the mar-
ketplace but not well characterized in standard
laboratory testing methods. Environmental fac-
tors like climate and temperature in the Cali-
fornia rice production region also contribute to
grain quality.

Traditional California short grains have low
amylose and low gelatinization temperature.
The kernels are relatively large and may have
some chalkiness. This chalky spot or region
being whiter than the surrounding endosperm
and these short grain types were referred to as
“pearl” rice. In addition to table rice these short
grains like S-102 are often used in production
puffed rice cakes. Table A-II also contains the
physicochemical characteristics for premium
quality short grains grown in California. These
short grains have a smaller very translucent ker-
nel and produce very high whole kernel milling
yields. Koshihikari, a Japanese short grain va-
riety released in the 1950’s, is the established
standard for Japanese premium quality. The
breeding, production, and quality of Koshihikari
have been recently reviewed by Iwate (2001).
Other premium short grains grown in California
include Akitakomachi, a very early maturing
variety developed in Japan, and 3 California de-
veloped semidwarf varieties Calhikari-201, Ca-
lihikari-202, and Calihikari-203. Eating quality
is considered one of the most important traits of
rice in Japan and has been the focus of exten-
sive research as well as evaluation of rice for
use and sale in the marketplace. Near infra-red
based “Japanese taste machines” that measure
components like amylose, protein, moisture, K
and Mg, and fatty acid content correlated with
taste panel results are used to analyze samples
and issue a taste score for commerce in Japan. A
review of rice grain quality from a Japanese per-
spective is available from Matsuo et al. (1997).
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Development of long grains for production in
California faces both the agronomic challenge
of cold tolerance and the need to achieve the
milling, cooking, and processing properties
found in long grains grown in the southern US.
Breeding efforts have been directed toward de-
veloping adapted long grains that cooked firm-
er and less sticky because of the soft cooking
tendency of California grown conventional
long-grain rice. As part of this approach, L-205
was developed with the Newrex quality that is
characterized by having 2 to 3% higher amy-
lose content and a stronger viscogram profile
than conventional long grains. Because of these
characteristics, Newrex types cook dry and ex-
hibit minimal solids loss during the cooking
process and are regarded as a superior type for
canned soups, parboiling, and noodle making.
Considerable improvement in whole kernel
milling yields have also been achieved in the
more recent California long grains. Table A-III
contain quality characteristics for California
long grains.

Specialty types include the waxy short grains
Calmochi-101 and Calmochi-203; the long grain
aromatics A-20land A-202; and the aromatic
basmati type Calmati-202; and the jasmine type
Calaroma-201. These special purpose varieties
are usually grown under contract and some of
their physicochemical characteristics can be
found in Table A-I, A-II, A-III. There has been a
significant increase in interest in these and other
specialty types including the Jasmine, basma-
ti, Mediterranean varieties like Arborio, and
colored bran types in recent years in both the
public and private sector. Some common fea-
tures of these types are that they are generally
ethnic foods, have low agronomic productivity,
may present milling or handling challenges, and
a lack of established quality evaluation criteria
that make them a particularly challenging target
for rice breeding or marketing.
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Table A-I. Characteristics of California medium grain varieties.

. AC! % Protein’ Gel Temp.® Brown Rice Kernels*
Variety Type
% Brown Milled High/Int/Low Length Width L/W Weight
M-104 Calrose 17.8 7.8 7.0 Low 6.3 2.8 2.3 24.1
M-202 Calrose 16.5 7.5 6.6 Low 6.1 2.9 2.1 23.9
M-205 Calrose 17.8 7.1 6.3 Low 6.4 2.7 2.3 24.4
M-206 Calrose 17.7 6.7 5.9 Low 6.2 2.8 2.2 24.6
M-208 Calrose 17.3 6.2 5.6 Low 6.6 2.9 2.3 24.9
M-209 Calrose 17.1 6.8 6.0 Low 6.23 2.8 2.2 24.6
M-210 Calrose 15.7 7.3 6.4 Low 6.31 2.8 2.2 23.1
M-211 Calrose 14.1 5.8 5.1 Low 6.33 3.0 2.1 26.1
M-401 Premium 18.1 5.9 52 Low 6.4 2.8 2.3 25.6
!Apparent amylose content. ?N%x 5.95 dry basis. *Gelatinization temperature type: High, Intermediate, low
*Kernel dimensions in mm, L/W, length width ratio, and 1000 kernel weight in g.
Table A-II. Characteristics of California Short Grain Varieties.
3 AC! % Protein’ Gel Temp.3 Brown Rice Kernels*
Variety Type
% Brown Milled High/Int/Low Length Width L/W Weight
Akitakomachi Premium 17 7.2 6.4 Low 53 29 1.9 21.3
Koshihikari Premium 17.6 6.5 55 Low 5.1 29 1.8 20
Calhikari-201 Premium 18.2 6.7 5.7 Low 51 3.0 1.7 20.3
Calhikari-202 Premium 16.9 6.2 5.7 Low 4.9 29 1.7 19.2
Calhikari-203 Premium 19.8 6.5 5.8 Low 49 29 1.7 19.2
S-102 Short 18.6 7.0 6.4 Low 5.8 3.2 1.8 27.5
S-202 Short 14.4 8.2 7.5 Low 6.3 3.3 1.9 25.2
Calmochi-101 Glutinous 0.1 6.8 6.1 Low 5.3 29 1.8 22.7
Calmochi-203 Glutinous 0.0 6.2 5.7 Low 54 3.2 1.7 24.5
Calamylow-201 Low 6.3 65 5.7 Low 48 29 16 185
amylose
!Apparent amylose content. *N%x 5.95 dry basis. *Gelatinization temperature type: High, Intermediate, low
*Kernel dimensions in mm, L/W, length width ratio, and 1000 kernel weight in g.
Table A-III. Characteristics of California Long Grain Varieties.
X AC' % Protein* Gel Temp.3 Brown Rice Kernels*
Variety Type
% Brown Milled High/Int/Low Length Width L/W Weight
L-205 Newrex 24.1 8 7.7 Intermediate 7.3 2.3 3.2 21.7
L-206 Long 23.1 6.9 6.2 Intermediate 8.0 2.2 3.6 23.2
L-207 Long 243 6.5 5.6 Intermediate 8.0 2.2 3.6 23.5
L-208 Long 23.9 6.4 5.4 Intermediate 7.8 2.2 3.6 22.5
A-201 Aromatic 23.7 8.0 7.7 Intermediate 7.9 2.2 3.6 23.0
A-202 Aromatic 22.4 6.6 5.6 Intermediate 7.9 2.4 33 24.7
Calmati-202 Basmati 24.8 8.0 7.5 Intermediate 8.0 2.1 3.9 22.2
Calaroma-201 Jasmine 15.7 6.4 5.8 Low 8.0 2.1 3.7 22.8

!Apparent amylose content. *N%x 5.95 dry basis. *Gelatinization temperature type: High, Intermediate, low
*Kernel dimensions in mm, L/W, length width ratio, and 1000 kernel weight in g.

R
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Table A-1V. Grain shape, year of release, maturity category and parentage of California public rice varieties.

*

Cultivar Grain Year Maturity | Parents

Caloro S 1917 L Early Wateribune

Colusa S 1921 L Chinese

Calrose M 1948 L Caloro/Calady*2

CS-M3 M 1971 L C6 Smooth/Calrose

CS-S4 S 1972 L Caloro/Smooth No. 3//Caloro/3/Caloro

M5 M 1975 L CS-M3 natural mutation selections

S6 S 1975 E Colusa/CS-M3

Calrose 76 M 1976 L Induced mutant of Calrose

M7 M 1978 L Calrose 76/CS-M3

M9 M 1978 E IR-8/CS-M3*2//10-7*2

Calmochi-201 S 1979 E Induced mutant of S6

L-201 L 1979 E CI 9701/3/R134-1/R48-257//R50-11

M-101 M 1979 VE CS-M3/Calrose 76//D31

M-301 M 1980 M Calrose 76/CS-M3//M5

S-201 S 1980 E Calrose 76/CS-M3//S6

Calmochi-202 S 1981 E R57-362-4/D51//Calmochi-201

M-302 M 1981 M Calrose 76/CM-M3//M5

M-401 M 1981 L Induced mutant of Terso

M-201 M 1982 E Terso/3/IR-8/CS-M3*2//Kokuhorose

L-202 L 1984 E 723761/ 7232278//L-201

Calmochi-101 S 1985 VE Tatsumi mochi//M7/S6

M-202 M 1985 E IR-8/CS-M3*2//10-7*2/3/M-101

A-301 L 1987 M IR-22/R48-257//5915C35-8/3/Della

M-102 M 1987 VE M-201/M-101

M-203 M 1988 E Induced mutant of M-401

S-101 S 1988 VE 0-6526//R26/Toyohikari/3/M7/74-Y-89//SD7/73-221
M-103 M 1989 VE SD7//Earlirose/Reimei/3/M-302

S-301 S 1990 M SD7/73-221/M7P-1/3/M7P-5

1-203 L 1991 E L-202/83-Y-45

M-204 M 1994 E M-201/M7/3/M7//ESD7-3/Kokuhorose

A-201 L 1996 E L-202/P1 457920//L-202

L-204 L 1996 E Lemont//Tainung-sen-yu 2414/L-201

S-102 S 1996 VE Calpearl/Calmochi-101//Calpearl

Calhikari-201 SPQ 1999 E Koshihikari/(Koshihikari/S-101)*2

Calmati-201 LB 1999 E 82-Y-51/83-Y-45//L202/P1373938/3/83-Y-45/P1457918
L-205 L 1999 E M7/R660/M7/R1588/3/82-Y-52/4/Rexmont/83-Y-45
M-402 M 1999 L Kokuhorose/4/M7*2/M9//M7/3/M-401/Kokuhorose
M-104 M 2000 VE M-103/6/F1(M-102/4/M-201/3/M7/M9//M7/5/M-103)
M-205 M 2000 E M-201/M7//M-201/3/M-202

M-206 M 2000 E S-301/M204

M-208 M 2006 E M-401/3/Mercury//Mercury/Koshihikari/4/M-204
Calmati-202 LB 2006 E A-201/9543483 (Calmati-201 sib)

L-206 L 2006 E L-203/4/Lemont/3/R1588/L-201//R1588/Labelle
Calamylow-201 SLA 2006 E Induce mutant of Calhikari-201

M-105 M 2011 VE M-206/M-104

Calhikari-202 SPQ 2012 E Koshihikari*2/S-101//Koshihikari/S-101/3/Hitomebore
A-202 LA 2014 E 03Y551(94Y39//JSMNSS /Della)/02Y045(L204/95Y442)
M-209 M 2015 E M-205/5/M-201/M7//M-201/3/M-202/4/M-204
Calmochi-203 SWX 2015 E M?7//D51/R57/3/M-302/4/CM-101(87Y259)/5/CM101/6/NFD108/7 / M102/CM101/3/AKENO//CP/CM101
L-207 L 2016 E F1R32425(05P3310(P1614958)/02Y516)/99Y 529
M-210 M 2018 E M-206*8/97-Y-315vE

Calaroma-201 LJ 2018 E 00KDMX3-3/4/90Y563/3/L202/QUIZHAW/L202/5/JES
S-202 S 2019 E 84Y254//M-102/85Y13/3/DENGYU1/88Y013/4/84Y254 /85Y013//Calpearl/ CM-101/3/S-102
M-211 M 2020 E M-206/4/M203/K397//M205/3/87P1309//M401/M203
L-208 L 2020 E 05P3310/02Y516//99Y529

Calhikari-203 SPQ 2023 E 10Y2049/04Y 177/4/Kosh*2/S-101//Kosh/S-101/3/Hitome

Market type: L= long; M=medium; S=short; SPQ=premium short; SLA=low amylose short; SWX=waxy ; LA=Aromatic long; LB=Basmati; LJ=Jasmine

Maturity: VE=very early; E=early; M=medium/intermediate; L=late
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PLANTING & STAND ESTABLISHMENT

Tillage

Tillage contributes significantly to rice produc-
tion costs, time, and effort, including equipment
investment and operating costs (Espino et al.,
2021). So, it is important to have a good grasp
of the objectives of tillage, which include,

* Drying of soil

* Loosening of the soil to allow for subsequent
land smoothing operations and application of
preplant fertilizer

* Forming a uniform seedbed free of large clods
* Destruction of growing weeds

* Aeration to hasten decomposition of residue
* Release of nutrients in organic matter

* Burial of crop residue to reduce disease inoc-
ulum and keep floating residue from accumu-
lating and suppressing crop growth

Typical tillage involves one or two passes with
a chisel plow, one pass with a stubble disc, and
another pass with a finish disc. Sometimes

soil will be very cloddy and require extra work
to break down large clods. Fields should be la-
ser leveled with a dual GPS scraper, as neces-

sary. On non-leveling years, a triplane is used
to maintain the ground level. After discing and
leveling, a corrugated roller is used prior to
flooding and planting. The final seedbed in a
rice field does not have to be as fine as for di-
rect seeding of row crops, and by comparison is
quite coarse. More important is the uniformity
of the surface so that there are no off-grade high
and low spots and large clods do not protrude
from the water after flooding.

Chiselplow. Many growers rely on heavy chis-
elplows as the first ground breaking operation in
the spring. The chisels are usually mounted
on a spring or have a coil configuration which
helps lift the soil. Some are rigid chisels and
penetrate slightly deeper and produce a more
cloddy surface. Chisels have a lifting action and
the objective is to loosen, aerate and dry the
ground. Drying is important to facilitate subse-
quent ground work, to allow air to get in pore
spaces, and to avoid destruction of soil struc-
ture which may be damaged by heavy equip-
ment working on wet soils. Subsequent opera-
tions depend on dry soil, so it is important to
allow adequate time for drying before proceed-

Figure 1. Fall chisel plow operation incorporating rice straw (left), and typical chisel shank (right).
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Figure 2. Heavy-duty single offset disc, called a stubble disc, for use in fall straw incorporation (left). Lighter
versions with smaller blades are used for spring tillage. On the right, a schematic overview of a typical single

offset disc.

ing. A chisel shank and chiselplow operation are
shown in Figure 1.

Discs. Heavy single offset discs are usually
used after chiseling to work deeper and mix
crop residue with the soil. Such discs have a
rigid mainframe that supports two gangs of disc
blades that operate at an angle to the direction
of travel so that they penetrate the soil and roll
it (Figure 2).

The front gang is set to cut in the opposite di-
rection of the rear gang. The round blades may
vary from 28” to 32,” and may have smooth or
scalloped edges. This operation is important to
continue drying the soil, facilitate soil contact
for residue decomposition and to prevent resi-
due from rising to the surface where it may be
a problem.

One or two passes each with a stubble disc and
finishing disc are usually necessary. These op-
erations also destroy growing weeds to prevent
them from getting a head start on the crop. As
air enters the pore spaces, organic matter begins
to decay more rapidly, which results in conver-
sion of nutrients from their organic forms to
mineral forms, called mineralization. Greater
availability of nutrients, particularly nitrogen, is
an important benefit of tillage. Rice soils which
never dry and aerate are generally less fertile.

Plowing

Deep tillage with a moldboard plow (Figure 3)
or disc plow is less commonly used because of
higher cost and disturbance of the smoothness
of the field. However, plows may be useful be-
cause they invert the soil and can completely
bury residues and weed seeds. They also, how-
ever, leave the ground very rough and possibly
out of level. Since they cut deeply, plows are
not appropriate in fields with shallow surface
layers or cacareous subsoils, where they may
bring soil chemistry problems to the surface.
Plowing is more common in row crop areas, but
some growers may plow about every third year
in rice-only areas. Over the long term, deeper
tillage will deepen the plow layer and should
benefit soil fertility and root growth.

Figure 3. Typical two-way moldboard plow.
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Depth of Tillage

Tillage depth should be consistent with the
overall objectives of land preparation, drying
and loosening the soil, and burying residue.
Typically, 6” to 8” is sufficient. Some shallow
soils limit tillage depth while others have deep-
er topsoil. Rice roots are shallow and do not re-
spond to deep tillage as some deep-rooted crops
do. The supply of nutrients is more important
than depth. Deeper soils tend to have a thicker
layer of nutrient rich soil, so rice on such soils
often performs better compared to performance
on shallow soils.

Spring Residue Management

Most straw management work is done in the
fall, but despite best efforts, there is often abun-
dant straw in the typical spring seedbed, which
must be managed. Good practices in the fall will
help spring operations, particularly chopping,
which assists with incorporation and decompo-
sition. Uncovered straw will float and drift into
corners, edges or high spots, reduce stand, and
increase disease, so a goal of spring work is
to cover as much straw as possible. Chisels and
discs will partially cover straw but have the ten-
dency to also bring some back up again. The
only remedy is to do extra ground work if there
is abundant straw still on the surface. It is prob-
ably not economical to continue to work the
ground past one or two extra operations.

Land Planing

A land plane is simply a long, rigid rectangular
(four wheels) or ‘A’ frame (three wheels) in the
center of which a  scrapper blade or bucket is
set (Figure 4). As the operator pulls the plane
across the field, soil fills the bucket and simul-
taneously spills forward out of the bucket, cre-
ating a churning action that breaks up the clods,
improves their uniformity and fills in ruts from

previous groundwork. The depth of cut of the
scraper blade can be adjusted, but it typically
cuts no more than an inch deep into the tilled
soil. The smooth surface is ideal for fertilizer
application because it facilitates uniform depth
of placement. Typically, one pass with a plane
is sufficient; although, some growers make a
second pass at an angle to the first. Landplan-
ing is a relatively slow and expensive opera-
tion. Planing only smooths the surface; it is not
a substitute for leveling. However, land planing
is important for maintaining the integrity of the
leveling job and to fine tune it for the current
season. With prevailing shallow water manage-
ment, off grade spots and large clods represent
potential weedy sites. Planes do not work well
in wet soil since the soil must flow freely in
and out of the bucket. Land planing packs the
soil, and if it is moist, will stimulate early weed
growth. Therefore, once the field is planed,
subsequent operations must be done prompt-
ly. Preplant fertilizer is usually applied to the
smoothed soil; although, some growers plane
after fertilizer application.

Figure 4. Typical three wheel land plane.

Corrugated Rollers

Heavy corrugated rollers are commonly used
as a final field operation to eliminate large clods
and pack the soil, providing a more uniform
surface compared to a disced seedbed (Figure
5). To some extent, the corrugations help keep
seed evenly distributed. Seed planted in corru-
gated fields often settles into the bottom of the
grooves, resembling drill seeded rice. Corrugat-
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ed rollers are 15’ to 24° wide and have ridges
at 6” to 77 spacing around their circumference.
This tool is consistent with shallow water man-
agement because large clods are either broken
or pressed down in the seedbed. Liquid and dry
fertilizer and herbicide applicators may be at-
tached to the roller frame and allow growers to
perform simultaneous operations. Rollers re-
quire dry soil for good operation. Moist soil will
cake on the surface, and clean corrugations will
not form in the soil.

Corrugated rollers are fairly cheap to operate
unless additional operations are combined with
them. These combined operations require addi-
tional controls in the tractor cab, and a skilled
operator is important.

Alternative Tillage Systems

Examples of alternative systems include dry
seeding, stale seedbed, and no-till. Dry seeding
involves sowing unsoaked seed on the soil sur-
face and shallowly covering it with soil using a
corrugated roller or light harrow, or drill seed-
ing as one would plant wheat. The seedbed in a
drill-seeded field is prepared as for water seed-
ing, except the goal is a finer, well-packed seed-
bed to precisely control seed depth. A smooth
roller may benefit this operation. The stale seed-
bed method involves limited tillage in the fall
or spring to help germinate weeds and provide
alternative weed control strategies. There is

more information about drill seeding and stale
seedbed systems later in this chapter. Rarely,
growers may drill directly into the field without
otherwise tilling the soil, called ‘no-till.” Grow-
ers use no-till to reduce tillage costs, get an
earlier start and discourage weeds, which tend
to be less severe when the soil is not disturbed.
A heavier, specialized drill is usually needed
to cut through residue and packed soil. This is
rarely done because there is often some damage
to the soil surface from harvesting or spraying
equipment that must be repaired.

Seed Soaking

Most California rice fields are sown with soaked,
pregerminated rice seeds. Soaking accomplish-
es two purposes. First, water replaces air inside
the seed coat so that the seed is less buoyant
and sinks more readily, helping to keep the seed
from drifting and ‘bunching.’ Second, germina-
tion processes are started so that the seed will
have a headstart when it is planted compared to
dry-sown seed. A flooded rice field is an inhos-
pitable environment, habitat for numerous pests
and competitors of rice seed. During soaking,
vital physiological processes begin, which are
precursors to growth. Allowing the most vulner-
able period of a seed’s first hours of growth to
take place in the relatively benign environment
of a soaking tank helps assure its success in the
field. Dry seeds sown into water tend to be more

Figure 5. Corrugated roller (left) and closeup of roller surface showing ridges that form corrugations (right).




CALIFORNIA RICE PRODUCTION WORKSHOP 2023

susceptible to midge, shrimp and disease attack.
Research has shown that the duration of soaking
is roughly equivalent, in terms of plant growth,
to sowing earlier by the same amount of time as
the soaking (Grigarick et al. 1984).

Pregerminated seeds sprout quicker and anchor
their roots into the soil, reducing the time of ex-
posure to the different pest and environmental
problems that affect early seedling develop-
ment.

Water absorption and growth.

A rice seed absorbs moisture rapidly once it is
placed in water and continues to increase its
water content well beyond the time when it is
ready for sowing (Figure 6). Early growth pro-
cesses were observed at a steady 68°F, some-
what cooler than the typical environment of a
rice soaking tank (Williams, unpublished data).
Water was absorbed rapidly during the first three

Figure 6. Rice seed water uptake at 68°F. Visible embryo swelling first
seen at 42 hours at seed water content of 36.5%, dry weight basis.
(Williams unpublished data)

hours, and then the rate of absorption declined
to a relatively steady rate thereafter. At 12 hours
after imbibition, the seeds had a ‘hydrated’ look
and moisture content over 25%, about doubling
water content. The first visual sign of growth
was swelling of the embryo and a change to a
translucent character at 42 hours and moisture
content of 36.5%. By 48 hours, the embryo was

just beginning to split the hull, and by 60 hours
the first shoots were breaking through.

Soaking

Soaking is typically done in steel bins (Figure
7), with dimensions of approximately 48 wide,
48 deep, and 51 high, and a volume of 62 to
64 cubic feet. Sodium hypochlorite or a similar
disinfectant is usually added to the soaking wa-
ter to help control bakanae, a fungal disease that
causes seedling elongation and yellowing. (For
more information on bakanae control measures,
including soaking, see the Diseases chapter.)
The bins have indentations at the bottom for
forklifts to lift, invert and dump the seed into
trucks. A full bin will hold up to about 2300 Ibs
of dry seed, and contains about 230 gallons of
water (seed just covered). In other words, ten
gallons of water is required for every hundred-
weight (cwt) seed, plus an additional gallon/cwt
as the seed absorbs water. The exact amount of
water for initial filling depends on the grain type,
with medium grains requiring slightly more wa-
ter than long grains. The bins are usually fitted
with drains so that water can be drained.

Some seed soaking is also done in the same
trucks that deliver the seed to the airstrip before

Figure 7. Typical rice seed soaking bins
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planting. The advantage is reduced handling, no
need for bins or forklifts and less labor. The dis-
advantage is that the large volume will generate
more heat than small bins if seeding is delayed,
and it is difficult to refill and cool the seed.
Sprinklers are sometimes put on the trucks for
cooling if seeding is delayed.

The metabolic activity of growth creates heat
which will accumulate in the enclosed soaking
bin. High outside air temperature will increase
the rate of heat accumulation. As temperature
rises, respiration rate increases, up to about
90°F, and then starts to drop off. Oxygen levels
also decline as the seed oxygen demand increas-
es. If soaking proceeds too long, the combina-
tion of high, sub-lethal temperature and low ox-
ygen will cause poor seedling vigor and delay
in stand establishment. Loss of seedling vigor
may lead to stand loss from pests and weather
damage. Lethal temperatures for wet rice seeds
have been reported from 104 to 113°F.

Damaging temperatures can easily be reached
if soaking is not done properly, and is regulated
mainly by time of soaking and drainage. Rec-
ommended soaking guidelines are 24 hours in
the soak water and 24 hours of draining, for
a total pregermination time of 48 hours. Seed
does not have to remain in the water for the en-
tire duration of pregermination for early growth
to begin. The seed should be sown promptly af-
ter 48 hours to avoid heat accumulation and ox-
ygen depletion; however, some growers’ prac-
tices vary significantly from these guidelines.
There is some safety built into the guidelines,
but problems with heat begin when 48 hours is
greatly exceeded. When sowing is delayed by
north wind or flooding delays, growers should
attempt to cool the seed by refilling the soak
tanks with fresh, cool water. Trucks with seed
in them should be taken to a shady area, tarps
removed and sprinklers put on top.

Adequate drainage is necessary to prepare the
seed for sowing. During drainage, while pre-

germination continues, excess moisture drains
away so the seed will more easily flow from the
trucks and the aircraft spreaders. Poorly drained
seed will stick together and resist flowing, re-
sulting in poor seed distribution in the field.

Planting

Direct sowing requires soaked seed be flown
directly onto the flooded field so that it comes
to rest on the soil surface. It is important that
the seed remain on the soil surface. Seed that
is buried more than a centimeter in the soil will
have low vigor or won’t germinate because of
inadequate oxygen. Rice seed needs a ready ox-
ygen supply to sprout. Flood water replac-
es air in the soil and greatly reduces diffusion.
Figure 8 shows how oxygen levels in the water
and soil differ. Research by UC scientists and
others showed that the oxygen level in a rice
field drops to nearly zero within 6 to 10 hours
of when a dry soil is flooded. In addition, the
flood water reduces oxygen diffusion into the
soil by a factor of over 10,000 times. (Patrick
and Mikkelsen 1971).

The top centimeter of soil contains some oxy-
gen which declines rapidly with depth. Burying
seed severely reduces germination and emer-
gence.

Figure 8. Oxygen levels in soil and water of a typical rice field. From:
Plant Nutrient Behavior in Flooded Soils. (Patrick & Mikkelsen 1971)
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Stand assessment

Minimum seedling population for maximum
yield is dependent on many factors--sowing
method, water management, planting date,
variety, soil type and others. In 2015, a trial
was conducted to determine optimal seed and
plant density for maximum yield, using variety
M.206 (Linquist, 2016). The results showed
that plant density (plants/ft*) was about half of
the seed density (Figure 9). In other words, only
about half of the planted seeds germinated. Fur-
thermore, maximum yields were achieved with
about 25 plants/ft> (Figure 10). At half of that
plant population (12.5 plants/ft*), yield potential
declined to approximately 90%. While optimum
seed and plant density may vary with different
varieties and across years, these results provide
guidance for stand assessment. UC Cooperative
Extension has developed an online seeding rate
calculator to assist with determining seeding
rate based on variety and the desired stand den-
sity. The calculator is located at the UC Rice
Online website.

Assessment of the stand soon after sowing
is very important to ensure that pests (dis-
eases, midges, shrimp) and burial have not
wwreduced the stand to an unacceptable level.
In cool weather, rice will germinate and grow
slowly and less uniformly, and as temperatures
warm the reverse is true. Optimum temperatures
for germination and early seedling growth are
in the range of 77 94°F. Minimum temperature
for germination is 54 56°F, and maximum tem-
perature is 104°F. Seedling pests also respond to
temperature, with diseases tending to be more
damaging in cool weather, partially a result of
poor growth and prolonged exposure of the rice.

Shrimp and midges, on the other hand, tend to
be more severe during warm periods.

Early identification of insufficient stand is es-
sential to successful reseeding. The longer the
delay, the lower the success of replanting. Stand

Figure 9. The relationship between seed density and plant density.
Results are combined for the two planting dates, May 25 and June 1,
and are for variety M.206.

Figure 10. Relative yield versus plant density. Results are combined for
the two planting dates, May 25 and June 1, and are for variety M.206.

evaluation must be made within the field. A use-
ful tool for looking at small plants is a sampling
cylinder (Figure 11). Carefully push it slightly
into the soil to avoid stirring up sediment, and
observe the condition of seeds within the cyl-
inder. By making it a known size, such as one
square foot, one can make a count of healthy
seedlings. Another version is a box fitted with
a Plexiglas bottom. By pressing the box to the
soil surface, seeds can be easily seen without
mud obscuring them. Close examination of
individual seedlings is necessary, so it is very
helpful to have a hand lens. More information
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Figure 11. Sampling cylinder.

on stand establishment pests can be found in the
sections on diseases and invertebrates.

Wind burial can reduce plant population, and
bunching can leave large open areas, both of
which may necessitate reseeding. Assessing
a buried or bunched stand is difficult. Bur-
ied seeds may eventually succeed but finding
them is difficult. A coarse screen with mesh just
smaller than the seed can be fitted in a frame
and pulled across the surface. Sluicing with wa-
ter will reveal the seed, although it does take
some work. A bunched stand leaves many areas
under populated, while other areas having too
thick a stand.

Reseeding

The decision to replant if stand density is less
than optimal is an economic decision that grow-
ers will have to make based on their planting
costs and expected lost revenues from reduced
yield. If the decision to reseed has been made,
identify and manage the possible impediments
to success. Over the first few days of flooding
many organisms establish in the field algae,
crustaceans, insects, microorganisms some of

which are potentially damaging to the rice. In
addition, a layer of detritus composed of dead
algae and diatoms may form on the soil surface
which can deter root growth. To the extent pos-
sible, one should manage these problems with
appropriate measures. As stated above, early
diagnosis is important and the most important
component of successful reseeding. Depending
on the density of the stand, the reseeding rate
can be from 50 to 100% of the original rate.
Normal soaking procedures should be used so
the new seed will start quickly. Depending on
the time difference between first and second
seeding, one may consider using an earlier
maturing variety of the same market category
to help with uniform maturity. Soaking of the
new seed should be done according to standard
guidelines (i.e. 24 hours soak, 24 hours drain).
The new seed will perform better if the field is
drained. However, drainage must be balanced
against the potential loss of weed control.

Rice seed has dormancy inhibitors in the hull
when it is first harvested. Currently-used vari-
eties naturally lose their dormancy with time,
and it is not necessary to do any special treat-
ments prior to planting at normal dates. In the
past, seed treatments had been beneficial to in-
crease uniformity and rate of germination, both
of which are affected by dormancy. Dormancy
has been associated with chemical germination
inhibitors in the hull and impermeability of the
hull and seed coat to water. Sodium hypochlo-
rite has been used in the soak water, at the rate
of one gallon of 5.25% sodium hypochlorite
per hundred gallons of water, a 1% solution, to
alter the chemical germination inhibitors in the
hull to improve speed of germination and early
growth. Percent germination is not affected.
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Wet seedbeds
and delayed planting

Late spring rain may make it impossible to ade-
quately dry the seedbed for optimum stand con-
ditions. The result can be lower soil fertility, dif-
ficulty in land planing and rolling, precocious
weed growth, difficulty in placement of aqua
fertilizer, more algae, and delayed planting. If
time permits, rework the ground, using a chis-
el-plow to speed drying. If the ground has not
been worked, and there is a stand of vetch or
other vegetation, let it grow as long as possi-
ble, and it will help dry the soil. If the ground is
worked wet, expect some of the problems cited
above and manage accordingly.

Drill Seeding

Drill seeding is used by some to reduce costs
and manage herbicide resistant weeds. It is also
the typical planting practice in the Sacramen-
to-San Joaquin Delta region where dry seed is
drilled into moist soil (as one might do with
wheat). The light-weight, high organic matter
soils of the region make water seeding less suc-
cessful because the soil can bury the seed and
prevent germination. High winds in the region
may also impact seedling root anchoring under
water seeding.

The primary issues in drill seeding are depth of
seed placement and management of moisture
for germination. Rice seedlings may not emerge
well from deep planting. Studies in 1985 (Gun-
nell et al.) demonstrated reduced emergence as
planting depth increased from 'z to 3”. Emer-
gence percentage for M.202 was 100%, 100%,
92.5% and 20%, at '4”, 17, 2”, and 3”, respec-
tively. Deeply planted seeds took much longer
to emerge and often came up twisted and bent.
For current varieties, plant no deeper than 1 '5”
to 2”. Growers who drill seed can plant to mois-
ture or plant dry and irrigate the field to bring up

the plants. The former is better to reduce weeds
in the rice, but there is the risk of missing the
moisture. Drill seeding into a dry seedbed and
flush irrigating reduces that risk if done prop-
erly, but weeds are usually more of a problem.
Either way, the permanent flood is established
about a month later when the rice is at the 3 to
4 leaf stage.

Alternative Stand
Establishment Methods for
Weed Management

Continuously farmed rice affords few options
for breaking weed population cycles. Conse-
quently, the number of aggressive herbicide re-
sistant weeds has built up over time. In heavily
infested rice fields, conventional weed control
strategies are ineffective and costly. The weed
seed bank in the soil becomes increasingly
dominated by resistant biotypes in these fields.
Alternative stand establishment methods can
reduce the resistant weed seed bank in the ab-
sence of traditional crop rotation.

These methods do pose some risk. However,
with careful management, good yields are pos-
sible. Keep in mind that the primary objective
is to reduce the population of resistant weeds
and then return the field to a conventional wa-
ter seeded system where weed control is once
again cost effective. UC studies concluded that
integrating cultural and chemical weed control
practices is effective without significant reduc-
tions in yield (Figure 12). Integrating reduced
tillage and a stale seedbed in rice systems will
reduce herbicide resistant weed populations,
delay the evolution of herbicide resistance, and
reduce weed seed banks. Establishment tech-
niques such as reduced tillage, stale seedbed or
dry seeding may be used to manipulate weed
species recruitment and expand herbicide op-
tions.
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Figure 12. Grain rice yields under conventional and reduced till, stale
seedbed waterand dry-seeded systems, 2004-2008, Biggs, CA

Planting into a Stale Seedbed

A stale seedbed is one where rice is planted into
undisturbed soil. A stale seedbed approach en-
courages weeds to germinate by using irrigation
prior to planting. Once the weeds are estab-
lished, they are killed with non-selective her-
bicides, such as glyphosate (Roundup). In dry
seeded rice, pendimethalin (Prowl) may be used
for soil residual control of many grass species.
These herbicides provide alternative mecha-
nisms of action to control resistant species.

Fall Tillage versus Spring Till-
age

A stale seedbed can be established with either
fall or spring tillage. The preplant irrigation and
weed control with a non-selective herbicide is
the same for both circumstances. Fall seed-
bed preparation requires that the straw is well
incorporated; an additional pass with a disc may
be necessary. Flood the field for decomposition
as usual. A prolonged winter flood should
“melt” the clods to a relatively smooth soil
surface by spring. If the field is cultivat ed
in spring, apply P and K fertilizer during the
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cultivation operations pri or to irrigation,
weed germination, and herbicide application.
Phosphorus left on the soil surface promotes al-
gae growth. If it is inopportune to apply them
during cultivation, they can be applied into the
water 20-30 days after seeding.

Key points to remember
for stale seedbed method

e Cultivate the field in the fall in the usual fash-
ion.

* In the spring, flood the field to germinate
weed seeds, preferably during warmer periods
to encourage rice weed germination.

» Water grass and other grass seeds: maintain
flood or saturated soil for 4 to 5 days.

» Sedge and broadleaf seeds: maintain flood or
saturated soil for about 10 days.

* Dry-up the ground. Apply glyphosate to kill
germinated weeds approximately 10 to 14
days after drain.

* Do not apply the herbicide until the rice weeds
are vigorously growing. Applying too early
will compromise control. Be patient.

* Do not disturb the soil after glyphosate treat-
ment to avoid bringing more weed seeds to
the surface.




CALIFORNIA RICE PRODUCTION WORKSHOP 2023

Table 1. Example operations for planting rice using water seeded or dry seeded stale seedbed alternative stand establishment methods.

REDUCED TILL, STALE SEEDBED, WATER SEEDED

REDUCED TILL, STALE SEEDBED, DRY SEEDED

Preplant Weed Control
®Flood the field to germinate weed seeds

® Drain, then apply non-selective herbicide after the weeds
are vigorously growing

® Introduce flood for planting 2 days after herbicide appli-
cation.

Seeding, fertility and water management

® Apply N at 20-60 Ib /ac to soil surface (optional).

a.  Use ammonium sulfate if you typically see a ben-
efit from sulfur.
b.  Use urea if you can flood quickly.

c.  Consider applying P and K in the fall.
*Flood field.

®Seed with pre-germinated seed at a heavier rate than
usual (~200 Ib/ac).

There are two options following seeding

1. Drain field for stand establishment (especially if
ground was not dried and soil oxygen concentration
may be low)

® Apply bulk of N (150 1b/ac) as urea immediately
prior to permanent reflood

*Top 1”7 of soil must be dry so that flood water will
drive urea into soil and prevent N volatilization losses.

. Maintain a continuous flood and raise water depth as
seedlings develop.

® Apply bulk of N (150 1b/ac) as ammonium sulfate at
the 3-4 leaf stage of rice or when rice roots are well-
developed.

Weed management

Weed management options when draining for stand
establishment

1. Pre-plant glyphosate (Roundup).
2. Foliar herbicide application at 3 leaf stage of rice.

3. Into the water application after reflooding, or foliar
application with rice 3-4 leaf stage to tillering and
water lowered for 70% exposure of weed foliage.

Weed management options with continuous flooded sys-
tem

1. Pre-plant glyphosate (Roundup).
2. Into the water herbicides.

3. Foliar herbicide options at 1-3 tiller rice with water
lowered if needed for 70% exposure of weed foliage

Preplant Weed Control
®Flood the field to germinate weed seeds

® Drain, then apply non-selective herbicide after the weeds
are vigorously growing

Seeding, fertility and water management
® Pre-plant application of 1/3 total N.

a.  ~30-50 Ib N/ac as ammonium sulfate.
b.

c.  Total N requirement may be a little higher than
in a conventional water seeded system.

®Seed at a rate of about 100 1b/ac.

N may be applied with drill.

a.  5-7” spacing.
b. Depth<1”

® Flush/drain to promote rice germination.

a.  Rice seed may not germinate in low spots with
standing water.
b.  Rapid water movement in fields with lighter tex-

tured soils may bury the seeds in some areas and
thin the stand.

*May need to flush again prior to permanent flood,
depending on the weather. Hot, windy weather can
cause the soil to crust before the seedlings emerge.

® Apply remaining 2/3 total N just prior to permanent
flood.

100 to 120 Ib N/ ac as urea.

Top 1”7 of soil must be dry so that flood water
will drive urea into soil and prevent N volatiliza-
tion losses.

* Apply permanent flood when rice plants are large
enough to be above water; typically between the 4 leaf
and tillering stage.

Weed management
1. Pre-plant glyphosate (Roundup).
2. Herbicide options:

a.A pre-emergent herbicide application after the first
flush of irrigation followed by a foliar application
prior to permanent flooding.

b.A foliar herbicide in tank mixture with a soil residual
herbicide applied when rice is the 2-4 leaf stage.

3. Come back with a foliar herbicide application after
permanent flood if needed to control a new flush of
weed emergence. Water should be lowered for 70%
weed foliage exposure to the herbicide.
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WATER MANAGEMENT

Most California rice is produced by direct seed-
ing into standing water with permanent flood
for most of the season. Limited acreage is drill
seeded which also uses a permanent flood after
stand establishment. The origins of this system
have much to do with weed control, nitrogen
management, and productivity, discussed in
other sections.

Typically, a shallow flood is established over
the field and pre-germinated seed is sown by
airplane into the water. The seed comes to rest
on the soil surface and establishes in that spot.
The water is kept on the field throughout the
season except for short-term drainage, perma-
nently removing it only at the end of the grow-
ing season to prepare the field for harvest. Rice
growers spend much of their time managing
the water and there are numerous variations on
this simple theme which makes water manage-
ment more complicated than it first appears. A
previous section dealt with leveling and water
management structures. This section deals with
water management during the season.

Purposes of Water Management

The general goals of water management are:
* Supply water to the crop
 Establish an optimum plant population
* Suppress weeds
* Provide for pesticide applications

¢ Conserve nutrients

* Protect against cold weather
* Protect water quality
* Manage salinity

Each will be discussed later in the chapter.

Seasonal Water Use

Seasonal water delivery for California rice var-
ies a great deal depending on soil type, man-
agement, and seasonal length (Table 1). The
average delivered use is approximately 5 to 5.5
acre-feet per acre (af/a), but varies from about 4
to 8 af/a, or more, depending on soil properties
and water management.

Evapotranspiration (Et, crop use, consump-
tive use) is the amount the crop itself takes up
through the roots and transpires from leaf sur-
faces into the atmosphere. Et varies with sea-
sonal length, so an easy way to save water in
rice is to grow shorter season varieties. There
is also some seasonal variation in Et due to an-
nual weather fluctuations and differences due to
planting dates. The climatic factors important to
crop use are solar radiation, wind, and tempera-
ture.

Percolation is controlled by soil texture and im-
pervious subsoils. Most rice soils have clay and/
or hardpan in the subsoil, so water does not per-
colate rapidly compared to deep loamy or sandy
soils. In general, percolation losses throughout
a growing season in California clay soils are
less than 4” per growing season. If deep per-

Table 1. Approximate seasonal water use by use component for rice in California. Note, this table does not account for leaks

in levees and outlets.

Seasonal Water Use Acre feet per acre
Evapotraspiration (Et) 2.75-3.25
Percolation/seepage 02-1.0
Drainage 0-20

Total 2.95-6.25
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colation is excessive, rice may be a poor crop
choice. In New South Wales, Australia, where
water shortage is chronic, rice soils are tested
for infiltration rate, and if excessive, rice cannot
be grown.

Seepage is the lateral movement of water out
of the field, usually through levees. Seepage
occurs in all soils but is more of a problem in
course textured soils which have high hydraulic
conductivity. Seepage rates are also determined
by the height of water on the other side of the
levee. Seepage is lower (or even reversed) when
there is a water supply canal or another flooded
rice field on the other side of the levee. Studies
have shown that seasonal water losses due to
seepage are less than 2” per growing season.

Drainage during and at the end of the season
accounts for the balance of delivered use. This
number has gone down with the widespread use
of laser leveling, which allows for less spillage,
and mandated water holding required for pesti-
cide use.

Water Management Systems

Different water management system designs are
used for ease of management, water conserva-
tion, and maintenance of tailwater quality. Each
is discussed below.

Flow Through System

The most common system is the flow-through
system, also called the conventional system.
Water supplied to the topmost basin sequential-
ly floods each successive basin as it makes its
way to the lowermost basin. The water is reg-
ulated by weirs or rice boxes. Excess water is
allowed to spill over the last box into a drain.
By continually supplying water to the top, and
allowing a small amount to spill out the bottom,
with the boxes adjusted properly, the water lev-
el is automatically maintained, hence the name

“flow-through system.” The advantages of this
system include low installation cost, the abili-
ty to flush salts from the field, easy installation
and removal, and adaptation to irregular slopes.
The disadvantages include substantial manage-
ment, difficulty in preventing excess water in
lower basins, and slow response to adjustments.
This system is not well adapted to holding wa-
ter as required by regulations (discussed later in
this section). Holding water is contrary to the
intended purpose of the system. Figure 1 is a
schematic of a conventional flow-through sys-
tem.

Figure 1. Conventional flow through system showing serial application
of water from top (right) to the bottom of the field (left). Double box
system reduces restrictions on water flow and may improve circula-
tion. From: Hill et al. 1991.

Recirculating Tailwater
Recovery System.

These systems capture tailwater in a sump and
pump it back to an inlet for reuse in the same
or other fields. They are useful for water con-
servation and keeping pesticide residues out of
public waterways. Numerous recirculation sys-
tems have been installed although many have
fallen into disuse because of maintenance and
operation cost. These systems are adaptable to
single fields, whole farms, and whole irrigation
districts. Only a few single-field systems are
in use. Figure 2 is a schematic of a single field
with a recirculation system. The concept applies
to various scales. All systems in use help stretch
the limited supply of expensive water and allow
growers to comply with less restrictive holding
requirements. In-field water management is the
same as for the flow-through system. The major
management challenge is balancing the intake
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Figure 2. Single field recirculation system. This concept can be scaled
up to multiple fields, multiple farms or whole irrigation districts. From:
Hill et al. 1991

of fresh water with recirculated water, which is
more difficult as the system increases in size.
The advantages of this system are the ability
to keep pesticide residues out of public water-
ways, good flexibility of management relative
to regulations, reduction of cold water effects,
conservation of water, and lower water expense.
Disadvantages are the cost of installation and
maintenance, extra land out of production, and
a higher level of management.

Static Water Irrigation System

This system was developed specifically to keep
pesticide residues out of public water. The key
features include multiple water inlets from a ca-
nal along the side of the field so that each ba-
sin is irrigated in parallel but separate from the
others (Figure 3). The inlet acts as the drain at
the end of the season and the goal is for zero
drainage. Some saline fields have convention-

Figure 3. Static water irrigation system. From: Hill et. al., 1991

al drains at the end opposite the intakes which
allow for flushing of salts at the start of the sea-
son. Once water goes into the field it stays un-
til the end of the season, with additional water
added as needed. To accomplish this, inlet pipes
are installed below grade at the low side of each

basin. Each pipe has a flap valve that is opened
by the pressure of inflowing water, and clos-
es as the inflow declines, keeping water in the
field. Water levels are managed by changing the
levels in the supply ditch. Opposite each inlet
pipe is an in-ditch weir to adjust water levels.
To drain the basins, water in the supply ditch
must be drained and the flaps opened. Advan-
tages include an excellent capability for water
holding, water conservation, independent con-
trol of levels in each basin, easier management,
and no need for a return pump. Disadvantages
include higher cost of installation and main-
tenance of the system, land out of production,
reduced flushing of salts, and the unsuitability
of permanent installations for rotation crops (al-
though temporary static systems have been used
in row crop areas).

Cold Water Effects

It is common knowledge that yields are low
near a cold water intake. Re cent research has
shown that the cold water and the associated
reduction in rice productivity extend well be-
yond the area where the effects are readily vis-
ible. The distribution of cold water can extend
throughout the intake check and bleed into the
adjacent check (Figure 4). The infrared image
taken in early June showed that the water tem-
perature warmed by only about 5 degrees as it
passed through the 15-acre check. The intake
water temperature was 56° F when it entered the
field. Plant development throughout the grow-
ing season was delayed as a result (Table 2). In-
terestingly, the gradient in developmental delay
was accentuated with time. For example, there
was an 11-day difference in the time to first tiller
between the cold and warmer parts of the check.
The differential increased to 21 days by panicle
initiation and 32 days at boot. The cold water
effects are accumulative. Similar relationships
were observed in the yield components (Table
3). Head size and seeds per panicle decreased
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Figure 4. An infrared image showing the water temperature gradient
in an intake check in early June 2001. In coming water = 56° F. There a
temperature gradient of about 5° F across the check.

from the warm to the cold areas of the check.
There was a corresponding increase in blanking
and a reduction in yield. Notice that the yield
loss is not restricted to just the area surrounding
the intake box. It appears that the potential yield
reduction due to cold temperature is compara-
ble to a dose-response function.

In that, the longer the crop is exposed to cold
water the more pronounced the impact. Figure 5
uses a threshold water temperature of 65° to il-
lustrate the concept. The longer the plants were
exposed to water temperature of less than 65°
during the day for the first six weeks the great-
er the yield loss. For example, only 20 percent
of the yield potential was observed in the areas
of the field that experienced water temperature
under 65° for 250 hours (i.e. 80 percent reduc-
tion). In contrast, at 150 hours of exposure,
60 percent of the yield potential was realized.
If you farm ground with cold water, you may
want to consider modifying the water delivery
channel when laying out your irrigation system
to minimize this effect.

Flow Rates

Flow rates determine the speed of initial flood-
ing and, if necessary, re-flooding. Speedy flood-
ing is desirable for earlier planting and to pre-
vent weeds and other pests, such as seedling
disease, shrimp, and midge, from getting ahead
of the rice. Precision leveling, flat fields, and
corrugated rollers have made initial flooding
quicker compared to earlier years, given simi-

Table 2. Days after planting (DAP) to reach different stage of development in a cold water intake check.

1st Tiller | PI | Boot | 50% Heading
DAP
North 43 85 120 ---
(inlet) 34 69 104 114
31 64 90 104
South 32 64 88 96
Table 3. Yield components as effected by water temperature gradient across an intake check.
Head (cm) Seeds per % Blanks Yield (Ib)
panicle @ 14% MC
North 14 0 98 402 (green)
(inlet) 13 10 53 2288
16 45 29 5924
South 17 53 12 9138
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Figure 5. The potential yield reduction in rice when exposed to water temperatures < 65° F for different periods of time.

lar flow rates. Increasing competition for water
and greater reliance on pumps may reduce flow
rates in the future, so it is important to have an
appreciation for what is needed for the various
stages of crop production.

Flow rate guidelines appear in Table 4, and can
be used to estimate the time to flood with a giv-
en quantity of water or the desired flow rate for
a given size field. The calculations in Table 4
are for a delivery of four acre-inches per acre,
which assumes that this is sufficient to just cover
the field for seeding, but not to establish a depth
of flood water. About two inches are assumed
to go into the soil and the balance will be on
top. The amount required for initial flooding is
really quite variable and depends on the amount
of water already stored in the soil, the slope of
the field and how the grower floods. ‘Accept-
able’ flooding times are in the shaded area and
are selected to help avoid problems that develop
with increasing time. During cool spells, a lon-
ger flooding period may be acceptable because
growth of pests is slower. Acceptable time is
arbitrarily set at 96 hours in Table 4, although
it is not a disaster if the field takes a day or two
longer to flood. When fields take longer than a
week to flood, pest problems start to increase.

Putting it in simple terms, quick flooding re-
quires roughly 28 gallons per minute per acre
(gpm/a). Once a flood is established, the amount
needed for maintenance is much less, a continu-
ous flow of 5 gpm/a over the course of a season
is usually adequate. For design purposes, one
should plan on a minimum of 10 gpm/a. The
extra capacity allows electric pumps to operate
during off-peak periods. Extremely low flow
rates may require special management, such as
sowing rice in sections of the field as they are
flooded, or dividing fields into small units.

Water Management Methods

Initial Flood

When field preparation is completed, boxes
installed, and levee ends closed, water is intro-
duced into the top of the field. Additional inlet
sites may be used in large fields to speed the
process if sufficient water is available. Flow
rates determine the rate of flooding. The objec-
tive in the initial flood is to get the entire field
wet as quickly as possible. In a flow-through
system, this may be accomplished by blocking
back water in the top basin until it is nearly cov-
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Table 4. Approximate hours for initial flood for various field sizes with different flow rates. Shaded area represents

acceptable time. Based on delivering 4 acre inches/a.

Size of Field in Acres
GPM 50 100 150 200
500 181 361 542 722
1000 90 181 271 361
2000 45 90 135 181
3000 30 60 90 120
4000 23 45 68 90
5000 18 36 54 72
6000 15 30 45 60
7000 13 26 39 52
8000 11 23 34 45
9000 10 20 30 40
10000 9 18 27 36

ered by setting the board in the first box to hold
the minimum amount and allowing the rest of
the water to spill over. Repeat this basin by ba-
sin until the last one is covered. It is not neces-
sary to establish final depth at this time, only to
get the soil wet to receive the seed. It may take
several days to establish the desired depth, but
it is not necessary to delay seeding. Flooding
from the top of the field helps flood the field
faster. If the boxes are all wide open during ini-
tial flooding, the water will tend to run straight
to the lowest basin, and one must work from the
bottom of the field to the top. This is called back
flooding and takes much more time because the
tendency is to get more water than needed in
the lower basins. Increasingly growers are es-
tablishing shallow ditches between rice check
boxes which allows the checks to flood more
uniformly.

Establishing a Stand

Following seeding, the goal of early season
water management is to establish a vigorous,
healthy, weed-free stand. The management of
water during this period is integrated with her-
bicide use and greatly affected by water supply.
For example, early applied foliar materials,

such as Clincher, require a drained field. Rap-
id reapplication of water is important for good
weed control and may affect success in some
areas because of low flow rate. For materials
applied into the water, such as Bolero, the goal
of water management is to quickly establish a
continuous flood of 4 to 5 which provides a
good compromise between rice growth and
weed suppression. Shallow water (1-3”) pro-
motes rice growth and root anchorage but also
favors weed growth. Deep water (7-8”) delays
early rice growth and tillering, but also greatly
inhibits grasses and smallflower umbrellasedge,
the most competitive weed species. Water man-
agement for specific herbicides is discussed in
the section on weed management.

Drainage for stand establishment

Many growers use a planned drain period af-
ter sowing to help improve stand establishment.
This practice is known as the ‘Leathers meth-
od,” after the grower who popularized it. This
is a useful practice where rice has difficulty an-
choring to the soil or is easily covered or moved
during windy weather. When properly used,
stand density and uniformity of distribution is
usually improved and concerns about the effects
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of wind are less. Generally, fields are complete-
ly drained immediately after sowing and the
water is left off until the radicle penetrates the
soil and anchors the seedling. In this aerated sit-
uation, roots are stimulated to grow more than
they are in a flooded, less well-aerated environ-
ment. Seedling rice responds to a surplus of air
by increasing root growth, while shoot growth
is less stimulated. The sequence of events is:

« Sow rice into shallow flood;

* Drain field rapidly and completely, imme-
diately after sowing up to two days after
sowing;

* Maintain drained condition for 3 to 5 days,
depending on temperature and growth of
roots

* Reflood when radicle penetrates soil

This practice must be used only where there are
enough outlets for quick drainage and there is
an adequate water supply for quick reflooding.
Furthermore, the field should be well-leveled so
that it will flood and drain quickly. If the field
takes too long to drain and reflood, drought
stress may kill some of the seedlings and result
in a poor stand in portions of the field. Inter-
nal drains, either across the basins or around
their circumference, help speed water remov-
al and application. Timing of drainage relative
to planting is also important. Waiting for more
than a day or two reduces the beneficial effects
and may jeopardize weed control operations
and timing.

Early season water management
and weed control:
Delayed Pinpoint Flood

While it may be desirable to maintain a 4-5 of
water on the field early in the growing season
to control weeds, some herbicides (particular-
ly foliar herbicides) require lowering the wa-
ter in the field to expose weeds and maximize

herbicide contact with weeds. This is discussed
in more detail in the weed control chapter. The
main point of this chapter is that during the first
month and a half of the growing season, wa-
ter management is often driven by herbicide
(and other pesticides) use. The usage of these
chemicals affects water height in the field, when
water is flowing into the field as well as impos-
ing strict limits on when water is flowing out of
fields due to water holding periods (discussed
in more detail later). When possible, quick re-
moval of water and replacement after spray ap-
plication is desirable for good weed control. A
prolonged drain period promotes weed growth
and delayed reflooding may reduce herbicide
efficacy.

Alternate wetting and drying (AWD)
and mid-season drain

Keeping rice soils permanently flooded has been
recommended as a good practice for ensuring
optimal weed control and efficient nutrient use
efficiency (particularly for nitrogen). Howev-
er, keeping a field flooded alters soil chemistry
and makes the soil anaerobic (without oxygen).
While this may be good for conserving nitro-
gen, anaerobic soils also produce and emit more
methane (CH4) and make some heavy metals
such as arsenic (As), mercury and lead more
bioavailable. Thus, continuously flooded rice
fields have higher CH4 emissions and higher
concentrations of As (and other heavy metals)
in the rice grain compared to fields that are not
continuously flooded. Importantly, while Cali-
fornia rice fields are high emitters of CH4 (due
to water seeding and straw incorporation), the
levels of As in the grain are relatively low com-
pared to other areas where rice is produced.

One practice to reduce both CH4 emissions and
grain As concentrations, is to let the field dry
out one or more times during the growing sea-
son. This introduces oxygen back into the soil




CALIFORNIA RICE PRODUCTION WORKSHOP 2023

and can lead to reduction in CH4 emissions of
over 40-60% and a reduction in grain As of 30-
40%. However, doing this must be done care-
fully, otherwise there is the risk of yield reduc-
tion, fertilizer N losses and high nitrous oxide
(N20) emissions (a more potent greenhouse gas
than CH4).

The term alternate wetting and drying (AWD)
is used very broadly and covers a wide range of
practices where the soil is allowed to dry down
(become aerobic) at least two or more times
during the season. A mid-season drain is a single
drain during the season. Using AWD practices
in California rice systems is not very practical
because it is hard to find time during the season
to implement multiple drains without affecting
crop productivity. For example, during the first
month or so, water management practices are
largely driven by weed management decisions.
Furthermore, letting the soil dry during this pe-
riod will result in fertilizer N losses and N20O
emissions because there is a lot of fertilizer N in
the soil at this time. Secondly, we do not recom-
mend drying the field during booting as this can
lead to blanking if nighttime temperatures get
too cold (in fact, we recommend raising the wa-
ter during this time). Draining during the grain
fill period is likely to result in negative grain
quality issues. This leaves a window of oppor-
tunity during the mid-season for a single draw-
down of water. We call this a mid-season drain.

A mid-season drain

Many growers in California apply propanil
during the mid-season (30-50 days after plant-
ing) as a clean-up herbicide. Propanil is a con-
tact herbicide, so flood water needs to be low-
ered. A mid-season drain could simply be an
extension of this drain. Our research has shown
that a short dry-down period (2-3 days) lowers
CH4 emissions for a short period but emissions
increase again after field is flooded. When the
drain is extending to 8-12 days (time depends
on the field), CH4 emissions do not increase
rapidly after the field is re-flooded and CH4 re-

Figure 6. Example of CH4 emissions from continuously flooded fields
vs a short or long mid-season drain.

Table 5. Methane emissions and rice grain yields from 2018 trial at the RES comparing continuous flood to a
5and 12-day mid-season drain period (Source: Perry et al., 2022).

Treatment Methane emissions Grain yield
CH;-C (Ib/ac) cwt/ac

Continuous flood 136 93.5

5 d drain 84 92.4

12 d drain 49 92.7
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ductions of 40-60% can be achieved Figure 6.
We have done this research for close to a decade
and on a number of fields and have found no
yield reduction Table 5.

Here are some do’s and don’ts:

* Don’t let soil dry out during the first 5 to 6
weeks of the season. There are several reasons
for this:

o First, is that in water-seeded systems where
the N fertilizer was applied pre-plant, this
fertilizer is in the soil until roughly 6 weeks
(the rice takes most of it up between 4 and
6 weeks after planting). Letting the soil dry
during this period will result in potentially
high N losses (nitrification and then denitri-
fication when field is reflooded).

o Second, due to nitrification and denitrifi-
cation, high amounts of N20O will also be
emitted.

o Third, before this time the canopy has not
covered, thus there is the potential for more
weed growth.

o Finally, early-season drains tend to extend
the time a crop takes to reach maturity.

* Ideally, start the drain around 35 to 40 days
after planting. This results in fields being re-
flooded around 45 to 50 days faster planting.
By this time, all of the N fertilizer that was
applied early in the season has been taken up.

* If you are applying a top dress of N fertilizer,
apply it just before reflooding field.

* Monitor field during drain period. In consid-
ering the total drain time, account for the time
it takes to reflood field.

One question that often arises with this is if
this practice conserves water. In a typical year
where rice is planted at normal acreage, the sav-
ings of this practice is small (about 1 inch we
estimate). The reason for this is that most per-
colation and seepage water losses are very low
when a lot of rice is in the landscape. This is

because the water table is high. However, when
rice is surrounded by fallow fields, upland crops
and farmers using well pumps, the water table
is lower. Growers often report using a lot more
irrigation water in these fields just to keep them
flooded. In these situations, having no flood wa-
ter on the field for a period of time will save
more water.

This system can also be used for dryor drill-seed-
ed rice as is done in the mid-south. In this sit-
uation, fields are usually fertilized then flooded
about 4 weeks after planting. In order to ensure
all or most of the fertilizer is taken up, the field
should remain flooded for at least two weeks
before the dry-down period is started.

Permanent flood, water depth effects

A permanent flood should be established as
soon as possible after sowing. The sooner it is
done, the more beneficial impact it will have
on weed management. Once established, per-
manent flood is maintained throughout the rest
of the season. Maintain a steady depth of 4”-
5” through maximum tillering and avoid taking
water off the field.

The goal of the permanent flood is to main-
tain steady pressure on weeds and optimize
rice growth. Rice growth response to various
depths is demonstrated in Figure 7. Rice grow-
ing in shallow water (1-2”") begins tillering fast-
er and reaches a higher maximum tiller num-
ber earlier than rice growing in medium (4-5”)
or deep water (7-8”). Rapid establishment of
plant cover is the main reason many growers
prefer shallow water early in the season. Ulti-
mately, the final tiller number is similar at all
depths within this range because excess tillers
developed in shallow water die off to a level
that the plant can support. Leaf development
and plant size (biomass) follow a trend sim-
ilar to tillering. However, rice plants in deep
water tend to be taller and mature earlier com-
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Figure 7. Tillering of M-202 rice at three water depths held season long, 1986. (Williams et al. 1994)

pared to rice growing in shallow water. Growth
of rice in deep water suggests it is under stress
which slows growth for the first half of the sea-
son, even though final growth parameters, ex-
cept height and maturity, are similar at all three
depths. Yield in field-scale trials comparing dif-
ferent depths within the range of 2” to 8 was
the same across all depths.

Most growers are reluctant to accept slower
crop development and increased management
required for deeper water and prefer lower water
to ensure that plants perform at their optimum,
particularly when environmental conditions are
adverse. Some soils, such as alkaline and saline
soils, are already stressful to the crop, and deep
water is not advisable. In addition, levees hold-
ing deep water are more subject to wind dam-
age. The use of some herbicides in deep water
is also not advisable. However, some growers
have found value in deeper water, 5-7” through
tillering, for better weed control where soil con-
ditions permit it. One should avoid very shal-
low water, 1-3”, because weed control will be
difficult.

5.10

Blanking Protection

Blanking occurs when pollen is damaged by
cool temperatures (55-60°F, depending on va-
riety). It is the major temperature-related factor
reducing yields in California. It is a potential
problem in all areas of the valley but the prob-
lem increases as one moves south due to cooler
night-time temperatures. Since rice florets are
primarily self-fertilized, the loss of pollen is not
usually replaced from other nearby florets, so a
kernel does not develop. UC research in the ear-
ly 1970s showed that the position of the panicle
when it is sensitive to cool temperature is low
in the stem, partially underwater. This is usual-
ly 10-14 days before the panicle emerges, and
when the collars of the flag leaf and the penulti-
mate leaf are aligned. The sensitive period lasts
for about a week for any individual panicle and
about three weeks for a field. As the air cools
during the night, the air temperature within the
canopy also drops. However, the water resists
change and its temperature takes longer to drop.
The higher water temperature can provide a
critical source of heat to protect the rice heads
from cool temperature damage. The change in
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Figure 8. Temperature profile of a rice canopy. Water depth is 6”. From:
Board and Peterson 1980.

air and water temperature at different heights
above the soil is shown in Figure 8. At 8 pm,
the air and water temperature are similar, but by
6 am, there is a large difference. The amount of
difference increases with the depth of water and
lower temperature. Growers can take advantage
of this natural heater by increasing the water 7
to 21 days before heading. The water should
be as deep as the levee system in the field will
allow, but at least 8”. This depth will partially
cover the developing panicles and help protect
them from the cooler air above. Since tillering
is complete, water depth will not affect growth.

Pre-harvest Water Management

Preharvest drainage requires a compromise be-
tween the conflicting needs of harvesting equip-
ment and crop ripening, although certain risk
factors can be identified to guide the process.
As with many other management practices, the
grower’s task is to optimize drain timing.

Typically, water is removed two to four weeks
before the anticipated harvest date. Heavy har-
vesting equipment requires firm soil so it will
not cause deep ruts and/or get stuck in the mud.
Mud during harvest not only decreases efficien-
cy but may also cause serious damage to valu-

5.11

able equipment and rut the field. The exact tim-
ing, to ensure firm soil, depends on:

* surface drainage-accurately leveled fields
drain more completely than those with low
spots;

* the internal drainage of the soil-soils with
deep profiles usually drain quicker although
soils with very high clay, such as Willows
clay, are slow to drain;

* physiological activity of the rice plants that
remain greener will use more moisture than
senescent plants; Quadris sprayed fields
tend to hang on longer and affect drain time;

* and climate during the drain period--high
temperatures and north wind increase
evapotranspiration.

Integrating these factors is more art than sci-
ence and there is no substitute for experience
in a particular field. In the end, you want a firm,
but not dry, soil surface on which to run harvest
equipment. In recent years, many growers have
switched from half-track and full-track equip-
ment to rubber tires, increasing the importance
of firm soil at harvest.

As important as making sure the ground is dry
enough to support equipment is to make sure
it is moist enough to finish the crop. Premature
drainage will impede ripening and result in more
chalk and light kernels. In addition, research
has shown that milling quality is improved if
the water is left on longer, including up to the
time of harvest! Since harvesting in the water is
not a practical option, the grower has to decide
when to drain to optimize ripening. Rice does
not ripen uniformly, especially in different parts
of the field, so assessing the entire field is im-
portant. The same factors that govern how fast
the soil drains pertain to the moisture supply for
ripening. Some rough guidelines for determin-
ing when the crop is sufficiently ripe to tolerate
drainage are:

L]
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* grains have filled from the top to the bottom
of the panicle;

* color has changed from green to golden;
* tip kernels have become hard;

* lower kernels will have soft dough but not
milk.

Water Stress

Drought stress sometimes occurs when a pump
shuts off or is on the high side of a poorly leveled
field. Some organic growers also use mid-sea-
son drainage for weed control which induces
drought. Rice grows well under flooded condi-
tions and most varieties that have been bred for
flooded conditions are not very tolerant of water
stress and yields will be reduced when subject-
ed to water stress. That said, several recent stud-
ies on-farm and at the RES (specifically to look
at the effects of drying a field briefly to lower
arsenic uptake and reduce methane emissions)
have demonstrated that yields are not reduced
when the soil water content is lowered below
saturation between 45 and 55 days (just before
PI) after sowing. In these cases, water has been
off the surface of the soil for up to eight days.

Signs of water stress include leaf-rolling,
leaf-scorching, impaired tillering, stunting, de-
layed flowering, spikelet sterility, and incom-
plete grain filling (Yoshida 1981). Drought
avoidance is important during expansive growth
beginning in the early vegetative stage, the de-
gree of injury from which is related to the in-
tensity and duration of the water deficit (Hsiao
1982). However, if not severe, the addition of
water usually leads to complete recovery. The
most drought-sensitive growth stage is floral
development, starting with microsporogenesis
through heading (Boyer and McPherson 1976).
Drought stress during this stage leads to blank-
ing and the crop cannot recover from it. During
ripening, premature removal of water may lead

5.12

to incompletely filled kernels and lower test
weight.

Managing Salinity

Rice is particularly sensitive to salinity during
the seedling and pollination stages. While most
irrigation water used on rice in California has
low salt (<0.7 dS/m), some water sources that
include drain and well water can go much high-
er (Scardaci et al. 2002). Sacramento River wa-
ter is low in salt being between 0.13 and 0.37
dS/m.

The type of irrigation system and pattern of
flow also affects salinity. In static and conven-
tional systems, salinity increased with distance
from the inlet and in areas where water stag-
nates (Figure 9). Water with much lower salinity
will result in higher salinity as salt accumulates
and moves through the field so that lower ba-
sins typically have higher salinity, which peaks
during holding periods. Yield reductions were

Figure 9. In the diagram above, the left shows a field with water
running down one side of the field and how flood water salinity is
concentrated on one side of the field (darker colors indicate higher
salinity). By changing the water flow path in this field (shown on right)
the water flow path is forced through the high salinity areas and helps
flush them out.
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associated with salinity of >0.9 dS/m .

Below are some steps to consider in order to
control salinity:

* Irrigation water should have an EC below
0.6 dS/m — for an averaged-sized field this
will help ensure that the field water salinity
does not increase beyond the 0.9 dS/m yield
threshold at the bottom of a field.

» Change water flow path — Salinity builds up
in stagnant parts of the field. Changing wa-
ter flow path will reduce salinity hot spots
from developing (Figure 8).

* Early in the season when salinity is highest,
allow for spillage and maintain higher water
levels — This may not be possible in drought
years or with certain herbicide programs.

* Smaller fields and multiple side inlets —
The distance water travels in a field largely
determines the build-up of water salinity.
Larger fields will have greater water salinity
build-up in the bottom of the field. Smaller
fields and multiple inlets should be consid-
ered in fields with saline soil or receiving
irrigation water high in salinity.

» Herbicide selection Growers using saline
water should avoid using herbicides that
require long-term holding so they can flush
the field during the early part of the season.

Maintaining Water Quality

How one manages water not only impacts the
growth of rice but also water quality. Since rice
tailwater ultimately flows back to public water-
ways, growers must maintain its quality by us-
ing appropriate practices. Chapter 11 on water
quality discusses these issues.
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FERTILITY & CROP NUTRITION

Introduction

When considering profitable agriculture from a
practical perspective, the factors affecting plant
growth and harvestable productivity are of the
utmost importance. A myriad of factors, such as
genetics, environment, and irrigation manage-
ment, impact yields independently and through
interactions. Knowledge of these factors, the in-
teractions, and how to manipulate them make
it possible for the farm operation to maximize
the return. Of course, all are not under the con-
trol of the grower. However, crop nutrition and
soil fertility can be managed for good yields and
production efficiency.

There are 17 elements that are essential to the
growth of plants in general. Not all are required
for all plants. Carbon, hydrogen, oxygen, nitro-
gen, phosphorus, and sulfur are the elements
required for proteins and cell walls. The other
thirteen elements include calcium, magnesium,
potassium, iron, manganese, molybdenum, cop-
per, boron, zinc, chlorine, and silicon. A few
plants require sodium, cobalt, and vanadium.
Among the essential nutrients, nitrogen, phos-
phorus, potassium, zinc, and to a lesser extent
sulfur and iron are the nutrients of concern in
the California rice cropping system. The behav-
ior of these elements and their management is
somewhat unique in rice as compared to other
cropping systems because of the anaerobic soil
due to flooding.

Soil under rice cultivation

The major characteristic of a submerged soil
is the depletion of oxygen (O?). Microorgan-
isms deplete the free O* throughout most of the
plow-layer within a few days of flooding. The
water contains dissolved O? which can diffuse
a short distance into the soil. The deeper the
water, the less O? can move from the air to the
soil. The thickness of the oxidized layer at the

soil/water interface ranges up to about 1 inch
thick depending on the microbial activity. For
example, in a soil with a large supply of decom-
posable organic matter (i.e. incorporated straw)
the oxidized layer is very thin. Once the soil
O? supply becomes depleted, the soil bacteria
are forced to extract O? from other compounds.
These compounds in the order of utilization are
nitrate, manganese oxide, iron hydroxide, and
sulfate-sulfur. Once this pool of compounds is
exhausted, the soil bacteria will use the ener-
gy stored in organic compounds by fermenting
organic matter to carbon dioxide and methane.
Another unique property of flooded soil is that
upon flooding the soil, regardless of the start-
ing pH, the pH approaches neutrality (pH 6.5
to 7.5). This occurs in about two weeks. As a
result, the chemistry of an anaerobic soil alters
the level and forms of some plant nutrients and
results in the production of compounds which
are sometimes toxic to rice.

Approaches to nutrient
management

The goal in nutrient management is to match
nutrient supply with crop requirements and to
minimize nutrient losses from fields. Properly
managed fertilizers support cropping systems
that provide economic, social and environmen-
tal benefits. On the other hand, poorly managed
nutrient applications can decrease profitability
and increase nutrient losses, potentially degrad-
ing water and air quality.

The 4R approach is one that offers enhanced en-
vironmental protection, increased production,
increased farmer profitability, and improved
sustainability. The concept is to use the right
fertilizer source, at the right rate, at the right
time, with the right placement.

In order to implement the 4R approach it is nec-
essary to understand some fundamentals about
when the crop needs nutrients and how much it
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needs. In general, maximum nutrient uptake oc-
curs from tillering and goes through to the onset
of the reproductive stage (Fig. 1). The peak nu-
trient uptake rate coincides with the maximum
root biomass accumulation. As the grain ripens

Figure 1. Seasonal uptake rate of selected nutrients and root growth

by a rice plant

nutrients and carbohydrates are transported
from the vegetative parts of the plant into the
panicle. Therefore, the critical time frame for
nutrient management is between planting and
panicle initiation. In the case of some specialty
varieties, there may some fertility management
decisions based on grain quality that would jus-

tify later applications of nitrogen.

The plant gets nutrients from the soil, irrigation
water and atmospheric deposition. What is not
provided from these sources needs to be made
up from other nutrient inputs (fertilizer, manure,
cover crops, etc). Nutrients have different roles
within the plant and thus are needed in different
quantities by the plant. Of the three main nu-
trients that are typically applied the rice plant
demands similar amounts of N and K (33-34 Ib
N or K /ton) and less of P (6 1b P/ton grain yield)
(Table 1). To put this in fertilizer equivalents
where P is expressed as P-Os and K as K20 the
crop takes up 14 1b P-Os/ton and 40 1b K-O/ton
grain yield (Table 1).

Soil and tissue sampling

Nutrient deficiencies can be determined from
both soil and tissue tests. Soil samples are usu-
ally taken before planting and before any fertil-
izers have been applied. Soil samples are useful
in that you may be able to determine deficien-
cies before the season and take corrective mea-
sures.

Table 1. Concentration and uptake of N, P and K in rice at time of harvest. (Data com- piled from Dobermann and

Fairhurst, 2000)

Plant part Nitrogen | Phosphorus Potassium
Ib nutrient/ ton grain yield
N P K
Grain 21.2 42 54
Straw 12.6 2.0 27.8
Grain+Straw 33.8 6.2 33.2
Ib nutrient/ton grain yield (in fertilizer equivalents)1
P5Ox K>O
Grain 9.6 6.5
Straw 4.6 33.4
Grain+Straw 14.2 39.8
Concentration of nutrients
%N %P %K
Grain 1.06 0.21 0.27
Straw 0.63 0.10 1.39
1- %PyOg5 = %P x2.29; %KoO = %K x 1.2




CALIFORNIA RICE PRODUCTION WORKSHOP 2023

Tissue samples are taken during the season. The
exact tissue (usually leaf or whole plant) and
time of sampling will vary depending on nu-
trient of interest. While such tests can be help-
ful, lab results will often come back too late to
be able to correct the deficiency in the current
season. However, they do provide valuable in-
formation for the following season. Leaf color
charts of chlorophyll meters are able to provide
instant readings of leaf “greenness” and are a
good indicator of N deficiencies (discussed in
Nitrogen section).

For soil samples using a soil, auger or shov-
el (shovel is best in tilled field) to a depth of
6 inches (roughly the plow layer). Take about
20 samples in a 20 to 40 acre field by walking
randomly through the field (Fig. 2). Be sure to
collect samples from all quadrants of the field
to achieve a representative sample. Mix the soil
sample in a non-metallic container and let the
soil air dry. Transfer the mixed sample into a
labeled paper or plastic bag, and send to a qual-
ified laboratory for analysis. Sample problem
areas separately every year and non-problem
areas every two to three years.

: special area
i SPOWINY deficiency

HAX
x symplams

e

o
AT b AT

SR—Y v [T T

K2

A e B b e e
Figure 2. Sampling pattern for taking soil or leaf samples to test for
nutrient deficiencies.

Nitrogen

Plant function

Nitrogen is an essential part of all amino acids,
proteins, enzymes, chlorophyll molecules, and
nucleotides (e.g. DNA). Because nitrogen is
present in so many essential compounds even
slight deficiencies can result in reduced growth
and productivity.

Deficiency symptoms

Nitrogen deficiency is the most common nutri-
ent deficiency in rice. Older leaves (and some-
time all leaves) are light green (or even yellow)
and may be chlorotic at the tip. Under severe
N stress older leaves will die and young leaves
will be narrow, short and yellowish green. Visu-
ally, N deficiencies can look like S deficiencies
(which are not very common); however, in an
S deficiency all leaves turn light green/yellow.

Nitrogen cycle/soil nitrogen

Figure 3 depicts the major pathways, transfor-
mations, and chemical species in nitrogen cy-
cling. Nitrogen can be lost from the soil, thereby
reducing the efficiency of fertilizer applications
because of these conversions. Nitrogen losses
in the soil occur mainly from denitrification,
ammonia volatilization, leaching, and surface
runoff. Of these, ammonia volatilization and
denitrification are the main N loss pathways.
Additionally, immobilization and ammonium
fixation make nitrogen temporarily unavailable
to the rice crop. Nitrogen conversion processes
are defined in Table 2.

Denitrification of nitrogen fertilizer and subse-
quent loss as nitrogen gas, can result in high
losses of the applied nitrogen, particularly
when applied in a nitrate form (nitrate fertilizers
should not be applied to rice systems) or when
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Figure 3. Nitrogen inputs, losses and transformations in rice systems

there has been significant nitrification of N fer-
tilizers (aqua ammonia, urea or ammonium sul-
fate). The conversion occurs in the anaerobic
zone of the soil. Manageable factors contribut-
ing to denitrification include wet/dry cycles and
fertilizer management. Severe nitrogen losses
occur in soils subjected to alternate draining
(aerobic) and flooding (anaerobic) which occur
after N fertilizer has been applied. Lowering
water following planting for a short time period
to ensure good crop establishment (Leather’s
Method) does not lead to significant denitrifi-
cation losses provided the soils a reflooded rel-
atively quickly.

Another important mechanism of nitrogen loss
is the volatilization of ammonium formed as a
result of mineralization. Among the factors af-
fecting the process are moisture content, pH,
cation exchange capacity, lime content, tem-
perature, flood depth, and the type of fertiliz-
er. Again, maintaining a constant flood is one
method by which growers can minimize the
loss. Surface applied urea volatilizes more read-
ily than incorporated aqua-ammonia. Regard-

less of the form, however, the longer the time
between application and the establishment of
the permanent flood the greater the loss.

Another critical process of particular relevance
to California is immobilization. The incorpo-
ration of straw (carbon) stimulates microbial
activity. Consequently, nitrogen becomes un-
available for plant uptake because the nitrogen
is incorporated into the microbial biomass.

Determining a deficiency

Standard soil tests are not reliable for determin-
ing the amount of nitrogen available for a rice
crop. The dynamic nature of the various forms
of nitrogen in a flooded soil makes it difficult to
sample and analyze the soil in a condition that
is representative of actual growing conditions.
For example, if sampled in a dry aerobic state,
nitrate-nitrogen may be the dominant form
available to the plant, but once flooded the soil
becomes anaerobic, nitrate-nitrogen is lost via
denitrification.

Later in the season leaf tissue tests, leaf col-
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Table 2. Definition of terms describing major processes in the nitrogen cycle

Nitrogen fixation |The process by which atmospheric nitrogen is converted to bio-
logically usable forms of nitrogen by microorganisms.

Mineralization |The breakdown of organic matter resulting in the release of
ammonium (NHy) and other nutrients which can be used by
plants.

Nitrification The conversion of ammonium (NHy) to nitrate (NO3).

itrificati e conversion of nitrate to nitrogen gas , resulting in

Denitrification |}, £ (NO3) gen gas (No) lting
a loss of plant available N.

Immobilization  [The assimilation (tying up) of inorganic N (NHy and NO3) by
microorganisms resulting in the nitrogen being unavailable for
plant uptake.

Ammonia The loss of ammonia gas to the atmosphere, following the conver-

volatilization sion of ammonium (NHy) to ammonia (NH3).

or charts, chlorophyll meters or remote sens-
ing tools may be used to identify deficiencies.
These will be discussed later.

4R management

—Right rate—

Despite the fact that N is required in greater
quantities than any other nutrient and is usually
the most expensive nutrient input, there are no
good soil tests to determine the correct nutri-
ent rate to use in rice systems. Therefore, many
growers use historical experience to decide on
their N rate. However, with changing practices
over time (i.e. straw management, fertilizer N
management, water management, and variet-
ies) the optimal N rate can change. With the in-
creased use of yield monitors, an effective way
to identify the correct N rate for a particular
field is to do test strips using different N rates.
To do this we recommend

1. Identifying a representative field and check.
2. Within a check apply a test strip (full length

of field) at an N rate of 25 Ib N/ac above and
below the N rate being applied to the rest of
the field using aqua rig (Fig. 4).

3. the aqua rig used to apply the N strips needs
to be at least as wide as the combine header.
If not, apply two strips of each N rate. After
applying N to test strips flag each strip.

4. test strips should not be directly adjacent to
the levee.

5. Monitor strips throughout the season.

6. At harvest, using a yield monitor, determine
the yield from each test strip. Make sure to
adjust for moisture since higher N rates are
likely to be slightly delayed in maturity.

7. Comparing yields from test strips will let
you know if you under or over applied

8. By doing this over different fields and years
(along with keeping good records), growers
can confidently adjust their N rate.

—Right source—

There are a number of N-fertilizer choices
available for rice growers. However, N sourc-
es containing nitrate-N should not be used due
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Figure 4. Example of a field with test strips of different N rates

to potential for high N loss (via denitrification).
The N source applied in largest quantities to
water-seeded rice systems is aqua-ammonia or
“aqua”. Aqua contains 20% N. Other common
N sources used in California rice systems are
urea (45-46% N), ammonium sulfate (21% N)
and various starter blends which are usually
blended from ammonium phosphates and am-
monium sulfate.

Growers typically apply the majority of their
N rate as aqua (60-75%) and apply the rest of
the N rate in the starter blend and sometimes as
a top-dress later in the season. The rational for
applying starter N is to provide young emerging
seedlings with readily available N until the rice
roots grow into the aqua that is injected 3-4”
below the soil surface. On-farm research ad-
dressing the need for starter N shows that start-
er N is not necessary. In fact, at equivalent N
rates higher yields and N uptake were achieved
when all of the N was applied as aqua (Fig. 5).
The reason for this is that the N injected below
the soil surface is better protected from both
ammonia volatilization and denitrification loss-
es. While applying starter did increase plant
size early in the season in some of the trials, this
never translated into increased yields at the end
of the season. Results of this research suggest
that overall N rates to achieve optimal yields
could be reduced by 10 Ib/ac if all the N was
applied as aqua.

Figure 5. Effect of N source and placement on yields. The N

shown here is 100 Ib N/ac and the data represent the average

response across different fields.
While starter N may not be necessary, P fertiliz-
er is often required and P is usually only avail-
able as ammonium phosphates (i.e. a fertilizer
that contains N). Thus, applying P fertilizer usu-
ally requires that some N fertilizer is also ap-
plied. Applying P is usually applied as a starter
fertilizer before planting. Therefore, if a starter
fertilizer is necessary (due to need for P), we
recommend using a starter blend with the low-
est amount of N possible. The N in the starter
should be considered as part of the total N rate.

If a top dress is necessary, ammonium sulfate
is often used as it has a lower N content and is
easier to apply uniformly by air. However, urea
could also be used and is generally a cheaper
source of N.

—Right time—

Numerous research trials have shown that the
most efficient time to apply N to water seeded
rice systems is to apply it all before planting.
These trials have shown no benefit to splitting
the N rate between planting and a top-dress ap-
plication. Therefore, there is no benefit to plan-
ning a top-dress application of N. In drill seeded
systems or when water is drained from the field
for an extended period of time it may be neces-
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Table 3. Interpretive guide for leaf nitrogen percentage. Total leaf N concentrations are for California medium

grain varieties.

sary to apply fertilizer at different times.

All the nitrogen should be applied before plant-
ing. However, there may be cases where a top-
dress is necessary. For example, if the growing
season is particularly favorable resulting in
greater growth and yield potential. Or, an un-
planned water drainage event may necessitate a
top-dress due to N losses associated with drain-
ing the field. Top-dress N fertilizer should be
applied at or before PI.

In these cases, a decision on whether or not to
top-dress can be made with a leaf color chart,
chlorophyll meter or Green Seeker.

Leaf color chart: The UC leaf color chart is a
series of eight color panels against which leaves
are compared (Fig. 6). With some practice, leaf
nitrogen can be predicted with a high degree of
accuracy using the LCC. Furthermore, it does
not take a lot of practice to get good results. On
the back of the chart there is table relating panel
color to leaf nitrogen. Refer to Table 3 to de-
termine if the leaf N concentration is adequate.
The LCC has been calibrated for medium grain
varieties which have similar leaf color. Some
specialty varieties have a more yellow leaf col-
or and the LCC would need to be calibrated sep-
arately for them.

Chlorophyll Meter (SPAD meter). The meter

is a hand-held device that estimates leaf nitro-
gen based on leaf color and transmitted light.
The meter is quick. However, the meter displays
numbers which are not directly related to leaf
nitrogen. Consequently, considerable effort is
required to establish a calibration curve. More-
over, leaf thickness can influence the readings
because the chlorophyll meter relies on trans-
mitted light. Thus, a single curve may not ac-
curately describe leaf nitrogen for all varieties.
Table 4 presents the relationship between the
SPAD meter reading and leaf N (%) at panicle
initiation for ten rice varieties. It is relative-

Figure 6. The effect of early season N placement on early season bio-
mass (about 35 days after sowing) and yield. Shows that at same total
N rates, applying the effect of applying 30 or 60 kg N/ha (34 and 78 Ib
N/ac) as a surface applied starter increases early season biomass but
has no effect on yield potential; while at the lower N rates, yields are
reduced. Note: Ib/ac = Mg/ha * 890 .
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% Nitrogen at Panicle Initiation
SPAD 5-102 |Calhikari| M-202 [ M-204 | M-205 L-204 L-205 | Calmati [ Akita Koshi
25 2.3 2.6 24 24 2.5 24 2.2 2.2 1.8 1.8
26 24 27 2.5 2.5 2.7 2.5 24 24 1.9 1.9
27 2.5 2.8 2.6 2.7 2.8 2.6 25 25 2.0 2.0
28 2.6 29 2.8 2.8 29 2.8 2.6 27 21 21
29 2.7 3.0 2.9 2.9 3.1 2.9 2.8 2.8 2.2 2.2
30 2.8 3.1 3.0 3.0 3.2 3.0 29 3.0 2.3 23
31 2.9 3.3 3.2 3.1 3.3 3.2 3.0 3.1 24 24
32 3.0 3.4 3.3 3.2 35 3.3 3.2 3.3 25 25
33 3.1 3.5 3.4 3.4 3.6 3.4 3.3 3.5 2.6 2.6
34 3.2 3.6 3.5 35 3.7 3.5 3.4 3.6 2.7 2.7
35 3.3 3.7 3.7 3.6 3.8 3.7 3.6 3.8 2.8 2.8
36 34 3.8 3.8 3.7 4.0 3.8 3.7 3.9 2.9 29
37 35 4.0 3.9 3.8 4.1 3.9 3.9 4.1 3.0 3.0
38 3.6 4.1 4.1 3.9 4.2 4.1 4.0 4.2 3.1 3.1
39 3.7 4.2 4.2 41 4.4 4.2 4.1 4.4 3.2 3.2
40 3.8 43 43 4.2 4.5 43 43 4.6 3.3 33
41 3.9 44 4.5 43 4.6 4.5 44 47 3.3 3.4
42 4.0 4.5 4.6 44 48 4.6 4.5 49 3.4 35
43 4.1 4.6 4.7 4.5 49 4.7 4.7 5.0 3.5 3.6
44 4.2 4.8 4.9 4.6 5.0 4.8 4.8 5.2 3.6 3.7
45 43 4.9 5.0 48 5.1 5.0 49 5.3 3.7 3.7

Table 4. Leaf N content (%) at panicle initiation of select rice varieties and the corresponding chlorophyll meter (SPAD, Minolta) readings

ly old data which does not include newer va-
rieties. However, M-202 or M-205 calibration
would provide a reasonable estimation of leaf N
for the newer medium grain varieties. For me-
dium grains, using the %N value from Table 4,
one can determine if crop N is sufficient using
Table 3.

Remote Sensing. Remotely sensed data of the
crop canopy can be obtained from proximal
sensors, drones, airplanes or even satellite data.
We have looked at the GreenSeeker which is a
proximal sensor with an active light source as
well as imagery from a drone which uses pas-
sive light (sun light). The Green Seeker mea-
sures the NDVI (Normalized Difference Vege-
tation Index) of the canopy. The camera on the
drone measured NDVI as well as Normalized
difference Red edge (NDRE). We have devel-
oped a sufficiency index (SI) to help growers
decide when a top-dress N application is neces-
sary (Fig. 7). The SI value will vary depending

on cost of fertilizer and rice prices. The SI is the
NDVI reading of the field test area divided by
the NDVI of an enriched N strip (representing
a crop with unlimited N). The N enriched strip
is an area where extra N was added to the field
(could be done by overlapping an area with an
aqua rig). For example, if the N enriched strip
gave an NDVI value of 78 and the field test area
gave an NDVI value of 70, the SI would be 0.90
(70/78) and this would indicate the need for a
top-dress N application with an average yield
increase from the top dress of more than 400 1b/
ac (Fig. 7). Note, some researchers calculate a
response index (RI). The RI is the inverse of the
SI; so using the above example, the RI would be
1.11 (78/70).

Some limitations to the Green Seeker are that
it is still relatively limited in area that can be
tested; although it is much faster to take read-
ings and therefore get a quicker assessment of
the field. You can also not use the Green Seeker
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Figure 7. The estimated rice grain yield response (Ib/ac=kg/ac X 0.89) to top-dress N applied at the panicle initiation (PI) growth stage at 30 Ib N/
ac. (a) overall average (averaged across SI 0.85 to 1.00), and (b) for GreenSeeker (GS) Normalized Difference Vegetation Index (NDVIGS) and
unmanned aircraft system (UAS) Normalized Difference Red-Edge Index (NDREUAS) at specific SI values corresponding to the typical manage-
ment range (i.e., pre-plant N rates 150 to 200 Ib N/ac) as estimated by linear mixed-effects models. The error bars represent the standard error

around the estimated grain yield response.

when leaves have dew or rainfall on them. The
Green Seeker also does not work well where
there is poor stand establishment or a high
amount of weeds.

Drones allow growers to access a larger portion
of the field more rapidly. Our research indicated
that the NDVI captured from a drone is not very
useful in quantifying N status. However, NDRE
provided similar RI results to the Green Seeker

(Fig. 7).
—Right place—

In water-seeded rice systems, the objective
needs to be to get as much of the fertilizer N
as possible below the soil surface. In a flooded
system the top 0.5 of soil is oxidized and fer-
tilizer N in this area can be nitrified which can
then lead to N losses via denitrification. Many
studies both in California and in other parts of
the world have shown that N placed deep into
the soil results in greater N use efficiency.

Given that the majority of N applied to wa-
ter-seeded rice systems is aqua-ammonia the
issue of fertilizer placement is not so relevant as
aqua is always injected into the soil. The main
issue then becomes how deep should aqua be
injected. This has not been a topic of research;
however, most growers apply aqua at 3-4 inch-
es deed which is adequate to get good soil cov-
erage following application. N applied at this
depth will ensure that the fertilizer is in the zone
of soil that is reduced following flooding which
will help minimize N losses. At this time there
does not seem to be a good rational for placing
the aqua any deeper than the 3-4 inches current-
ly being practiced.

Starter and top-dress fertilizers are usually ap-
plied to the surface. To reduce N losses from
N in the starter fertilizer, growers should seek
to limit the amount of N in the starter blend
by using a blend containing the lowest amount
of N possible. Also, lightly harrowing fertiliz-
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er into the soil can help prevent N losses. For
the top-dress N, this N is usually applied later
in the season (i.e. between maximum tillering
and panicle initiation) when the crop is growing
rapidly and the demand for N is high. Therefore,
much of the N is taken up by the crop rapidly af-
ter application which helps to minimize losses.

When you can not apply aqua-NHs
as a primary N source

Most rice in California receives the majority
of N fertilizer in the form of preplant aqua-am-
monia (Aqua). Some starter N is applied before
planting or delayed by a few weeks as men-
tioned above. This strategy is efficient and ef-
fective. However, it is not uncommon for rains
to force growers to plant their rice before fer-
tilizer application. Similarly, there have been
times when aqua is not available. So, when aqua
cannot be applied, what are the options?

In 2020 and 2021, research was conducted both
on-farm and at the RES to look at different op-

d d b
0 | ‘ ‘ |
ON Aqua-1d_ Urea-1d
Treatment

10000

9000

8000

7000

6000

5000 —

4000

Yield (Ib/ac)

3000

2000

1000

N
§
\
N
N
N
N
N
N
N
N
N
N

Urea+1d Urea Split

Figure 8. Yield response to aqua and urea applied 1 day before flooding
(-1d), urea 1 day after flooding (+1d) and a split application of urea
compared to a treatment that received no nitrogen (ON). All treat-
ments received 135 1b N/ac. The split urea was applied at a ratio of
20:30:30:20% at 2, 4, 6 and 8 weeks after flooding.
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tions. This research evaluated different N sourc-
es (enhanced efficiency fertilizers, urea, ammo-
nium sulfate), different timing of applications,
and split urea applications. In brief our findings
were:

1. Aqua or urea applied to a dry soil before
flooding, resulted in the best yields. So,
this remains the best option.

2. None of the enhanced efficiency fertilizers
tested (Agrotain, SuperU or Agrocote) did
better than urea applied alone at the same
time.

3. Urea was similar to ammonium sulfate in
all cases

4. Split applications did the best of all of the
alternatives. Based on the results, splitting
the N application 4 times at 3,4, 5 and 6 after
planting at a ratio of 20%:30%:30%:20%
will give good results. In a split application,
the first application should be the starter
which contains N, P, K and any other nu-
trient being applied. The other applications

Figure 9. Yield of burned and straw incorporated/flooded fields when
fertilized at the standard grower practice (SP) and plus of minus 25 Ib.
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Figure 10. Rice grain yield when the rice crop followed a fallow year
versus following a previous rice crop. Data are from 2022 at the Rice
Experiment Station.

should be urea. Our research suggests that
the overall N rate in a split application may
need to be higher than what would normal-
ly be applied as aqua (Fig. 8).

Effect of straw management on N
management

California rice growers annually incorporate
about 9000 lb/ac of straw across most of the
Sacramento Valley. This straw contains ap-
proximately 57 1b of N (Table 1). This large
introduction of organic matter influences the
immobilization-mineralization dynamics and
consequently nitrogen fertility management.
Straw incorporation results in more nitrogen
in the soil microbial biomass. Since microbial
biomass is a prime source of available nitrogen
for the crop, straw incorporation can lead to
an increase in crop available soil nitrogen. De-
pending on how straw is managed it can lead to
either an increase or decrease in the amount of
N applied.

A number of studies have shown that the overall
N rate applied to rice can be reduced by about
25 Ib N/ac when rice straw is incorporated in
the fall and the field is winter flooded. An ex-
ample of this is shown in Figure 9 where burned
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and incorporated fields were compared. In fields
where the straw was burned the standard grower
N rate provided optimal yields and lower yields
when the N rate was reduced by 25 Ib N/ac. In
contrast, where the rice straw was incorporated,
the N rate could be reduced by 25 1b N/ac with-
out a yield reduction.

Importantly, this N benefit from straw incorpo-
ration is

1. Typically observed only after about three
years of incorporation.

2. Is only observed when the straw is incorpo-
rated and flooded (or the soil remains moist)
during the winter. If the straw is left stand-
ing or on the soil surface during the win-
ter and only incorporated during the spring
land preparation the rice straw can lead to N
immobilization (Table 2) at the start of the
season resulting in reduced growth, yellow
plants and reduced yields. If straw is man-
aged in this fashion, it will most likely be
necessary to apply additional N fertilizer to
overcome early season N immobilization.

Nitrogen management following a
fallow year

It is not uncommon, especially in drought years,
for fields to be fallowed during the growing
season. Growers often report that rice yields in
fields which were fallowed in the previous year
are higher than when rice is grown following a
previous rice crop. A couple years of research
at the Rice Experiment Station (RES) has indi-
cated that yields are generally higher following
a fallow year (Fig. 10). One of the reasons for
higher yields is that the incidence of stem rot
was lower. We also saw in one year that similar
yields could be achieved but the continuous rice
system required more N fertilizer to achieve
the same yields as the fallow rice system. Re-
search at the RES and elsewhere has shown that
phenols build up in soils where rice is grown
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Figure 11. Source of N taken up by the crop in continuous rice systems versus rice following a fallow year determined from 15N
labeled N fertilizer applied at a rate of 135 b Na/ac. The left graph shows the amount of N in the plant that came from fertilizer and the

right graph shows the amount coming from the soil.

continuously and fields remain flooded for large
parts of the year. Phenols can bind nitrogen. At
the RES, we did see greater amounts of phenols
in fields which were continuous rice. Support-
ing this, we found that in continuous rice fields,
the N availability from the soil was reduced lat-
er in the season (after PI) (Fig. 11). What this
suggests is that continuous rice fields are likely
to require more fertilizer N — especially later in
the season.

Effect of variety

There is very little difference in the overall N
fertilization requirement and strategy for Cali-
fornia’s major short and medium grain conven-
tional varieties. While the data is old and some
of the varieties are no longer available, Table 5
clearly shows that the N rate required for maxi-
mum yields was the same (in this case 150 1b N/
ac) for all varieties over the two sites.

Nitrogen management practices do vary signifi-
cantly for specialty rice varieties. Many of these
specialty rice varieties are lower yielding and
highly susceptible to lodging and thus require
lower N rates. Furthermore, grain quality char-
acteristics can be affected by N management.
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Research and grower experience demonstrated
that yield and grain quality characteristics in
specialty varieties benefit from split applica-
tions of nitrogen. For example, the yields of
Akitakomachi responded favorably to split ap-
plications of nitrogen. A preplant/panicle initi-
ation (PI) split of 40-40 1b/a nitrogen produced
the highest yields across all locations (Table 6).
Furthermore, gains in grain quality were associ-
ated with desirable changes in physicochemical
properties and improved agronomics, such as
reduced lodging. Lodging causes uneven rip-
ening which results in a greater spread in indi-
vidual kernel moisture contents. In a sample of
rice with an average moisture content of 23%,
it is possible for individual kernel moisture to
range from 16 to 34%. Reduced lodging does
not guarantee complete uniformity of ripening
because plant genetics are a factor. Howev-
er, good nitrogen management minimizes the
moisture content range. Lodging also contrib-
utes to the development of off-odors which de-
grades quality, particularly for the north-eastern
Asia market.




CALIFORNIA RICE PRODUCTION WORKSHOP 2023

Table 5. Yield response (@ 14% MC) of selected varieties variable rates of pre- plant nitrogen in Sutter County
(top) and Butte County (bottom).

N Rate | S-102 M-104 | M-202 | M-205 | M-206 | M-402 | Mean
0 3723 3878 3745 4350 3789 4074 3927
50 5902 5707 5932 5886 6182 6775 6064
100 7306 6978 6794 8181 7755 7690 7451
150 8527 7972 7791 8743 8528 8523 8347
200 7317 7709 7114 8613 8175 7820 7791
Mean 6555 6449 6275 7155 6886 6977 6716

N Rate | S-102 | M-104 | M-202 | M-205 [ M-206 | M-402 Mean

0 4137 3880 4479 4254 4754 4241 4291
50 6776 6428 7358 6993 7461 6863 6980
100 9568 9269 9770 9641 9936 9190 9562
150 9766 9753 10644 10181 10788 10292 10238
200 8515 8175 8538 8748 8894 8552 8570

Mean 7752 7501 8158 7963 8367 7828 7928

Table 6. Yield response of Akitakomachi to different preplant and topdressing rates of nitrogen at three locations in the
Sacramento Valley.

Treatment Pleasant Grove Colusa Richvale Average
Ib/a Ib/a Ib/a Ib/a
0 4916 4270 4892 4693
60-0-0 5511 6045 5623 5727
80-0-0 5307 5442 5358 5369
40-40-0 5806 6268 5943 6006
100-0-0 4901 4956 4742 4860
50-50-0 5941 5890 5297 5709
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Cover Crops

Diversifying a continuous rice system by add-
ing a winter cover crop has a number of ben-
efits including: improving soil health and soil
structure, providing nitrogen for the following
rice crop, and providing wildlife habitat. In
California, cover crops are not commonly used
in conventional systems but they are in organic
systems. Generally, they are planted after rice
harvest in the fall and terminated before land
preparation in the spring.

When considering the use of cover crops in rice
systems it is important to think about the tim-
ing and compatibility of cover crops with the
rice growing season; the compatibility of cov-
er crops with rice soils (often poorly drained);
equipment and labor requirements; and desired
benefits.

-Cover crop species-

Potential cover crop species can be broadly di-
vided in leguminous and non-leguminous. Le-
gumes fix atmospheric N, thus adding nitrogen
to the system which may be able to replace fer-
tilizer N. Common legumes used as cover crops
in CA rice systems include various vetch spe-
cies, winter peas, and bell beans. Non-legumes,
do not fix nitrogen. Non-legumes include grass-
es such as oats, wheat and rye, or broad leaves
such as radish.

Cover crops should be chosen carefully since
some varieties do not grow well in particular
soils or climates. In CA, cover crops should
be adapted to a cool season as these crops will
be growing during the winter and early spring.
Also, legumes generally do not do well in wa-
ter-logged soils. Some species will do better
than others, depending on the effort a farmer
wants to invest.

Often farmers plant a blend of various cover
crop species. This has a number of advantages.
First, depending on rainfall, temperature, soil
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conditions, and land preparation some species
will do better than others, thus planting a blend
helps insures that at least some of the species
establish. Secondly, legumes tend to have a low
carbon to nitrogen (C:N) ratio. This results in
rapid decomposition after the crop is terminated
and incorporated into the soil. Decomposition
releases the nitrogen into the soil and if it is re-
leased before a plant can take it up, it could be
lost. Adding non-legumes (higher C:N ratio) to
the mix will slow decomposition and the release
of N so plants can take it up more efficiently.

-Planting and Termination-

The majority of cover crops in California rice
systems are planted in the fall/winter, following
rice harvest. Planting should be timed so that
little to no irrigation is needed. In many cases,
farmers will incorporate the rice straw into the
field and then aerial seed the cover crop seed
onto the field, then wait for rain. To improved
establishment and success, a light harrow or
roller could be passed over the field after ae-
rial seeding to improve seed soil contact. This
is especially important for larger seeded cover
crops. Ditches should also be put throughout the
field and run toward the outlet boxes to aid in
runoff in the case of heavy winter rains.

Generally, farmers will not apply fertilizer when
establishing the cover crop. However, as with
any crop, if the soil is deficient in nutrients, the
crop will not reach its potential. Importantly for
legume cover crops, soil phosphorus is import-
ant as it is closely linked with N-fixation.

Termination depends on the cover crop variety,
available equipment, precipitation, and desired
objectives. Some considerations:

* Ideally, the cover crop should not be going
to seed when crop is terminated. During
grain development, N from the plant tissues
will be translocated to the seed, leaving less
N in the biomass.

* Termination can be accomplished with the
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use of herbicides or mechanically.

* Termination should occur at least a month
before planting.

* When there is a lot of biomass it may be bet-
ter to mow/chop it before incorporation into
soil (Fig. 12).

Figure 12. A cover crop being terminated by mowing and then being
disked into the soil.

-Nutrient Management

Cover crops are often grown to provide a readi-
ly available source of nutrients to the following
crop. These nutrients become available to the
crop as the cover crop decomposes in the soil
and releases nutrients. A leguminous cover crop
can provide up to 100 Ib N ac to the following
crop but this will depend on how well it grew
during the winter and when it was terminated.
Since the amount is variable, it will be import-
ant to monitor the rice crop during the season
for N status. As mentioned earlier, by mixing le-
gumes with non-legumes the cover crop N will
be released slower making it available when the
crop needs it the most.

-Drawbacks-

While there are benefits to cover crops as men-
tioned earlier, there are also drawbacks, some
of which have already been alluded to above.
These include:

* Alarge cover crop requires extra work af-
ter termination to break down the residues
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and allow for optimal seedbed preparation

* Cover crop establishment and growth in
a field can be highly variable. Thus, N
availability increases across a field, lead-
ing to challenges in efficiently managing
fertilizer N across the field.

* Early season decomposition of large
amounts of readily decomposable bio-
mass can lead to sulfide and iron toxicity
early in the season.

* Cover crops will lead to an increase in
greenhouse gas emissions — particularly
methane.

Phosphorus

Plant function

The major roles of phosphorus in plants are en-
ergy storage, transport of metabolites, and cell
membrane integrity. Adequate levels in the plant
promote tillering, root development, flowering,
and ripening. It is particularly important during
the early stages of growth. Similar to potassium,
the uptake rate of phosphorus peaks at the early
reproductive stage (Fig. 1). If an adequate soil
supply was available during vegetative growth,
enough will have been taken up to supply the
plant requirements for grain production.

Deficiency symptoms

Phosphorus deficient plants are stunted with re-
duced tillering. Leaves are narrow, dark green,
short, and erect. Overall plant height is com-
promised. Red or purple colors may develop on
the older leaves, which eventually turn brown.
Phosphorus deficiency also contributes to de-
layed maturity, unfilled grains, and reduced re-
sponse to nitrogen application.
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Figure 13. The relationship between soil Olsen-P values, P balance and yield response to P fertilizer
(left). Data are from on-farm studies and the P balance reflects the 5 yr average of inputs and outputs. .
Circles indicate fields in which different P management strategies need to be used. The open diamonds
indicate a study in which there was a significant yield response to added P fertilizer.

Soil phosphorus

Most soils have very high amounts of total phos-
phorus; however only a small portion of this is
available for plant uptake during the growing
season. The transformation processes of phos-
phorus in flooded soils are different from those
in non-flooded soils. Flooded soils exhibit a
greater capacity to supply plant available phos-
phorus than non-flooded soils. Crops grown on
flooded soils may not show a response to phos-
phorus applications, while crops grown on the
same soil under aerobic conditions may exhibit
deficiencies.

Determining a deficiency

In a study evaluating rice yield response to P
fertilizer in roughly 60 California rice fields,
less than 10% of the soils were deficient based
on whether or not grain yields responded sig-
nificantly to added fertilizer P. There are a num-
ber of ways to identify P deficiencies, each with
its own benefits and setbacks as discussed at the
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start of this section. These tests provide a gen-
eral indication of a deficiency. Using more than
one provides a better indication.

-Soil test-

A number of soil tests are available; however,
for rice soils the Olsen-P test (also called the
sodium bicarbonate test) has been shown to be
best at identifying a deficiency. The Bray test
has also been evaluated and is a poor indicator
of P deficiency on rice soils. The Olsen-P test is
also the most widely used soil test for rice soils
around the world. The critical Olsen-P value is
6 ppm and this has been confirmed in California
rice fields.

Leaf tissue tests-

Leaf tissue tests taken at 35 days after planting
(around maximum tillering) can also be useful
in predicting a P deficiency. Y-leaf tissue con-
centrations of less than 0.2% suggests a defi-
ciency.

-Input-output budgets-

A good idea of whether a soil is P deficient can
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be achieved by developing a P input-output bud-
get. In terms of inputs, almost all P that enters a
rice field is from fertilizer (very little in irriga-
tion water, rainfall, etc). Also, almost all outputs
are the P that is removed in grain (yield) and
straw (if it is removed from the field). Burning
does not result in a significant loss of P. Also,
very little to no P is lost via leaching or run-off.
Therefore, a simple budget can be developed
using the following equation:

P balance = Inputs (Ib/ac of P205 as fertilizer)
— Outputs (Ib/ac removed in grain and straw).

For best results determine the P balance using
a 5-yr average of inputs and outputs over the
previous 5 years. A negative balance indicates
that more P is being removed from the soil than
is being added and thus it could be deficient.
This will be discussed later when we discuss the
correct rate.

As shown in Figure 13, the P budget reflects soil
P (Olsen-P) status. As the P budget becomes
more negative, the soil becomes increasingly
P deficient. It is also apparent that where there
were significant yield responses to P fertilizer
were usually were P balance was negative and
Olsen-P values were low.

4R Management

—Right rate—

Before determining the appropriate P rate, it is
first necessary to determine if it is even neces-
sary to apply P fertilizer. This can be best de-
termined using the Olsen-P value and the soil
P balance.

Apply no P when there is both high soil P and
a positive P balance (yellow circle in Fig. 13).

Apply maintenance P rates when soil P values
are between 6 and 20 ppm (green circle in Fig.
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13). Maintenance rates can be determined from
depending on whether or not rice straw is being
removed.

Build-up soil P when soil P is less than 6 and
there is a negative P balance (red circle in Fig.
13). P build-up rates can be determined from
Table 7 depending on whether or not rice straw
is being removed. To build up P one would need
to add more than the maintenance rate.

—Right source—

While there are many different P fertilizers, most
P fertilizers using in CA rice systems are some
form of ammonium phosphate (contains both
N and P). In order to meet our N management
objectives of applying as much N as possible in
aqua form, the P fertilizer with the lowest N
content should be used (often 11-52-0).

—Right time—

Generally speaking, we recommend most of
the P being applied during tillage and seedbed
preparation. Most growers will apply a starter
blend containing P just before flooding the field.
To avoid potential algae (scum) problems we
recommend this fertilizer be lightly harrowed
into the soil rather than sitting on top of the soil.

If algae is a severe problem, one can manage
P fertilizer in a way so as to reduce the algae
build-up early in the season. Many studies have
shown that algae increases with increasing P
concentration in water. Fertilizer P applications
increase water P concentrations and can lead to
increased algae build-up in rice fields.

Research has shown that incorporating P into
the soil or delaying the P application by 30 days
(or until the rice leaves have emerged above the
soil surface) can reduce algae problems (or de-
lay algae growth until it is not a problem for
rice). An example is shown in Figure 14 which
shows that overall, algae varied between the
different growers. However, in both cases, al-
gae was highest when it was applied on the
soil surface. Incorporating the P into the soil
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Table 7. Charts relating rice yield with how much P (expressed in fertilizer equivalents-P205) is removed from the soil. The chart on the left
assumes only grain is removed while the chart on the right is for when grain is removed and half of the rice straw. Alternatively, an on-line P
budget tool has been developed based on the values in the table and is available at http://rice.ucanr.edu/P_Budget_calculator/.

To determine P balance first determine P outputs. To do this determine average yields from field over past 5 years. Based on if straw was
removed or not choose appropriate chart. The amount of P removed based on average yields will be the value under the “0” P fertilizer added
or removed column. For example if average yields were 85 cwt and only grain was removed then the amount of P removed was 44 lb/ac.

Grainyield|  p fortilizer added (pounds PyOs/ac)

(Wt @14%)
0ol 5| 10] 15| 20] 25| 30] 35| 40| 45| 50| s5] 60| 65| 70

P balance (pounds PpOs/ac)

50 | -26| -21| -16{ -11] -6 -1 4 9 14 19 24 | 29 | 34 39 44
551 -29| -24| -19( -14] -9 -4 1 6 11 16 21 26 [ 31 36 41
60 | -30| -26] -21[ -16] -11| -6 -1 4 9 14 19 | 24 29 | 34 39
65 | -34| -29| -24( -19| -14| -9 -4 1 6 1 16 | 21 26 [ 31 36
70 | -37| -32| -27| -22| -17| -12| -7 -2 3 13 18 | 23 28 33
75 ] -39 -34] -29( -24| -19( -14]| -9 -4 1

80 42| 37 -32| 27| -22( -17| -12| -7 -2 8 13 18 23 28

1
8
6 11 16 | 21 26 31
3
1

85 | -44| -39 -34| -29| -24| -19( -14| -9 -4 6 11 16 21 26

90 | -47| -42( -37| -32| -27| -22( -17| -12| -7 -2 3 8 13 18 23

95 | -50| -45]| -40( -35] -30f -24| -20{f -15] -10f -5 0 5 10 15 20

100 =521 47| 42| 37| -32( 27| -22| -17| -12{ -7 -2 3 8 13 18

105 | -55| -50| -45| 40| -35| -30| -25{ -20| -15] -10] -5 0 5 10 15

110 | -57) -52( -47| -42| -37| -32| -27| -22| -17| -12| -7 -2 3 8 13

Grainyield|  p fertilizer added (pounds PyOs/ac)

(ewt@14%)
0] 5| 10] 15s] 20 25| 30 35| 40| 45| so| s5] 60| 65| 70

P balance (pounds PyOs/ac)

50 | -31] -26| -21| -16{ -11| -6 -1 4 14 19 | 24 29 | 34 39

60 | -37| -32| -27| -22| -17| -12| -7 -2 8 13 18 23 28 33

9

5SS | -34| -29| -24| -19| -14| -9 -4 1 6 11 16 21 26 31 36
3
0

65| 40| -35| -30f -25| -20| -15| -10f -5 5 10 | 15 ] 20 [ 25| 30

70 | -43| -38| -33] -28| -23| -18| -13| -8 -3 2 7 12 17 | 22 27

75| -46| 41| -36| -31| -26| -21| -16| -11] -6 -1 4 9 14 19 24

80 | -49| -44| -39| -34| -29| -24| -19| -14] -9 -4 1 6 11 16 21

85 | -52| 47| -42| -37| -32| -27| -22| -17] -12| -7 -2 3 8 13 18

90 | -55| -50| -45] 40| -35| -30) -25| -20] -15| -10] -5 0 5 10 15

95 | -58| -53| -48]| 43| -38| -33| -28| -23| -18| -13| -8 -3 2 7 12

100 | 61| -56| -51| 46| -41| -36| -31| -26| -21| -16| -11| -6 -1 4 9

105 | -64| -59| 54| -49| -44| 39| 34| 29| 24| -19] -14| 3| 4|1 | 6

110 | -67| -62| -57( -52| 47| 42| -37| -32| -27| -22| -17] -12| -7 -2 3
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Figure 14. Effect of P fertilizer management (timing and placement) on algal growth in two rice fields

Figure 15. Effect of P fertilizer timing on rice yields in two rice fields

reduced algae levels by over 50%; however, de-
laying the P application (applying 30 days after
planting) reduced algae levels by almost 90%
on average.

It is important that delaying P fertilizer applica-
tions does not reduce yields. A number of stud-
ies have examined this and results show that in
fields where P is deficient that delaying P appli-
cation by up to 28 days has no negative effect on
yield. However, applications later than this can
result in lower yields (Fig. 15).
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One issue related to late P applications is that P
can leave the field in the run-off water — a po-
tential off-site pollution concern. Therefore, for
late P applications, the water should be held for
about 2 weeks after P application.

-Right place—

As mentioned above, if P is applied before
flooding and planting it should be lightly incor-
porated to help reduce algae problems.
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Effect of straw management
on P management

The main effect of straw management is wheth-
er or not it is removed from the field or not.
There is approximately 5 to 6 Ib P20OS5 in every
ton of rice straw. Removing straw from the field
will affect the soil P budget and require that
more fertilizer P be added to maintain existing
P balances.

Potassium

Plant function

Potassium (K) functions in osmoregulation,
enzyme activation, regulation of stomatal func-
tion, transport of assimilates, cell wall synthesis,
and cellular pH. Adequate potassium nutrient
increases leaf chlorophyll contents, delays leaf
senescence, and therefore contributes greater
photosynthesis. It improves the plants tolerance
to adverse environmental conditions and im-
proves tolerance to disease. It remains in ionic
form and is very mobile within the plant. Potas-
sium is readily transported from old senescing
to young developing leaves. Yield response to
potassium requires sufficient supplies of other
nutrients, especially nitrogen. Similar to nitro-
gen, potassium uptake rate peaks at the onset of
the reproductive phase (Figure 1).

Deficiency symptoms

Potassium deficiency show up as dark green
plants with yellow/brown leaf margins start-
ing at tip of leaf or dark brown or rusty brown
necrotic spots on leaf-also starting on leaf tips
and margins. These symptoms first appear on
older leaves, then along leaf edge and finally at
leaf base. Yellow stripes may appear in the in-
terveinal portions of the leaf and lower leaves
become droopy. K deficiencies can also lead
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to increased diseases in rice. This is because K
deficiency results in an accumulation of sugars
and amino acids that are good food sources for
pathogens. An example of this is show in Fig-

AgSs rating

' . . ' .
1.00 1.20 1.40 160 180 200

Midseason leaf K concentration (% )

Figure 16. Aggregate sheath spot (AgSS) rating as affected by Y-leaf

(at panicle initiation) K concentration in fields where straw was either
incorporated or removed.

ure 16 where aggregate sheath spot severity in-
creases when K concentrations are low in the
leaf.

Soil potassium

Potassium (K) is present in soils in four forms,
which are in dynamic equilibrium. The forms
are soluble K (readily available); exchangeable
K (easily mobilized reserve); non-exchangeable
K (slowly mobilized); and mineral K (semi-per-
manent reserve). Only about 1 2 % of the total
potassium in a mineral soil is readily available
for plant uptake. Under certain conditions, fer-
tilizer potassium is fixed by the soil colloids and
therefore not readily available to the plant. Clays
of 2:1 type, such as montmorillinite, commonly
found in the Sacramento Valley can readily fix
large amounts of potassium. Wet-dry cycles and
presence of lime influences the magnitude of
the fixation. Under continuous flooding, plant
uptake favors the release of fixed potassium.
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Determining a deficiency

A number of factors can lead to a soil being de-
ficient in K and, apart from visual plant symp-
toms or soil/tissue tests, these can be used as a
guide in determining if K deficiencies are likely.
In California, in a study of over 30 fields the only
fields having soil K values below 100 ppm were
located east of the Sacramento River. Lower soil
K values were observed as one moved further
east to the red soils nearer the foothills. While
differences in soil K is due in part to differences
in soil type, the irrigation water supplied to rice
soils in these regions also varies. Irrigation wa-
ter from the Sacramento River which supplies
much of the irrigation on the west side of the
valley is higher in K than in the Feather Riv-
er or other Sierra rivers which supply water on
the east side (Fig. 17). K concentrations in well
water were the highest but also most variable.
Over time, these differences in K concentration

Figure 17. Irrigation water potassium concentrations. Sierra rivers
include the Feather, Yuba and Bear rivers.

could affect soil K values; however, these dif-
ferences also affect how much K fertilizer may
need to be recommended.

—Soil—

A soil test is a good way to determine if a soil is
deficient in K fertilizer. Critical levels at which
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a soil is considered deficient using the common
IN NH40OAc-extractable soil K test varies with
figures ranging from 60 to 85 ppm. However, in
recent research where soil K values were com-
pared to flag leaf K concentrations, it appeared
that where soil K values were above 100 ppm
that flag leaf K values were high (above 1.2%)
and unaffected by soil K (Fig. 18). However,
when soil K was below 120 ppm, flag leaf K
concentrations were lower and many below the
level considered to be deficient (1.2%). There-
fore, taking a conservative approach, when soil
K values are 100 ppm or below the soil may be
deficient in K.

—Plant leaf tissue—

To determine a K deficiency using plant tissue,
Y-leaf samples can be taken between tillering
and panicle initiation or a flag leaf sample can
be taken at heading or flowering. Critical val-
ues for tissue samples taken during this time are
1.5% for Y-leaf samples or 1.2% for flag leaf
samples. Data from Figure 18 also confirm that
flag leaf samples of about 1.2% are deficient in
K.

—Location in Valley—

Due to differences in soil types around the Sac-
ramento Valley, certain regions are more likely
to experience soil K deficiencies (Fig 19). Soil
low in extractable K are much more common on
the east and north side of the valley than along
the west side. Soils which fix potassium and
have a low k saturation are also more common
in the same area.

4R Management

—Right rate—

Average K fertilizer rates used in California are
about 30 b K20O/ac. Potassium fertilizer rates
will depend on a number of factors including
soil test value, straw management, and irriga-
tion water source. Given that relatively few
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Figure 18. The relationship between soil K and flag leaf K values (taken at flowering) in fields where K fertilizer was not

applied.

fields in California are deficient in K, there has
not been a focused effort at calibrating soil test
values to K application rates. Here we provide
a few guidelines.

To maintain soil K based on nutrient removal
in harvest consider that about 5 to 6 b K20/
ton is removed in grain and 33 1b K2O/ton in
straw. Therefore, with a grain yield of 85 cwt, if
only grain is harvested and the straw stays in the
field, 24 1b K20 is removed. However, if 2 ton/
ac of straw is also removed then an additional
66 1b K20/ac is removed. To simply maintain
soil K levels then is very different depending on
how straw is managed.

1. If irrigation water is from the Sacramen-
to River, then K rates can be reduced by
about 5 lb/ac.

2. High water flow rates during the winter
flood can lead to high K losses from field
during the winter.

—Right source—

The main source used in California is muriate
of potash (or KCl) which contains 60 to 62%
K20. Sulfate of potash (potassium sulfate —
K2S04) is another option and this contains 50
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to 53% K20O. Sulfate of potash is usually more
expensive but could be considered if the high
chloride content of KCL is a concern or if sulfur
deficiencies are of concern. Various fertilizer
blends used in rice (i.e. 15-15-15) are usually
made from one of the K sources blended with
other N and P sources.

—Right time—

Usually K fertilizer is applied at planting or
early in the season (in starter blends) where it
is most beneficial and effective. If K deficien-
cy symptoms appear early in the season it may
be possible to correct deficiency with an appli-
cation of K fertilizer. Research from Asia has
shown responses to K fertilization as late as
flowering. However, in most of the rice soils in
CA which require relatively low rates and soils
are heavy clays a single application at the start
of the season is adequate.

—Right place—
If K is applied before flooding it should be light-
ly incorporated into the soil. This is of benefit to

ensuring maximum use of the K fertilizer and
also the P and N fertilizer in the starter blend.

7.6 Effect of straw management on K fertility
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Incorporation of rice straw adds significant po-
tassium to the soil. The average concentration
of potassium in the straw is around 1.4% with a
range of 0.6 to 1.8%. The amount of potassium
removed when straw is baled can be as much
as 90 Ib/a. The continual removal of straw can
have a profound effect on available soil potas-
sium levels. Results from the Rice Experiment
Station showed that the extractable potassium
in the top inches declined to less than 60 ppm
after 3 years of baling. Field studies in District
10 demonstrated that straw removal reduced
soil potassium 30 ppm after one year.

Other nutrients

Nutrient Deficiency Survey

Rice farmers in California routinely apply N, P
and K fertilizers and these have been well stud-
ied. However, almost no research has been con-
ducted on other nutrients: both macro(Ca, Mg,
and S) and micro(Mn, Zn, B, and others). That
said, growers commonly apply these nutrients,
not sure if they are necessary or not. Sometimes
this is adding S or Zn (or other micronutrient)
in the started blend, or using ammonium sulfate
instead of urea. Furthermore, farming practices
are changing across the valley. One of the bigger
changes is the removal of rice straw following
harvest. At harvest, S, Ca, Mg, Zn, Fe and Mn
concentrations in rice straw are all similar to or
present in higher quantities than in rice grain.
Thus, removal of straw, could potentially alter
soil nutrient balances and require a different ap-
proach to nutrient management.

In 2021 we took a broad survey of rice fields by
sampling soil and plant samples from 28 rice
fields from around the Sacramento Valley, rep-
resenting different farming practices and soils.
Soil samples were taken from three locations in
the field. Soil samples (0-6 inches) were taken
in the spring before any fertilizers were applied.
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During the season, took a Y-leaf sample from
the same three locations in each field. Soil and
plant samples were analyzed for of all the nu-
trients of concern. Additionally, we gathered
nutrient input and straw management data over
the past five years from each field sampled. In
addition to these 2021 soil samples, a set of soil
samples taken in 2012 and 2013 representing an
additional 55 rice fields we also analyzed.

While there is a lot that could be discussed about
this data, the following general statements can
be made.

Nutrient deficiencies

» Nutrients where we found no soil or Y-leaf
deficiencies: Mg, S, Zn, Mn, Fe, Cu

e Nutrients where the soil test showed defi-
ciency but not the Y-leaf: B

* Nutrients were we saw Y-leaf deficiency but
not soil: Ca

¢ Excessive nutrient concentrations that
may lead to toxicity

» B observed excessive levels in soils but not
Y-leaf

* Mn, Fe observed excessive levels in the
Y-leaf but not the soil,

* Cu observed excessive levels in soils but
not sure of critical Y-leaf concentration

* Regionality of results

* The southern part of valley tended to have
lower soil S and Zn values than the northern
half of the valley.

 Higher organic matter soils tended to have
more S.

* Low B levels (<0.3) were most common in
the NE part of valley

Relationship between soil and plant nutrient
concentration

Only soil Mg and B were correlated with leaf
tissue Mg and B. That is to say that lower soil
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Figure 19. Map showing locations of fields in the Sacramento Valley. The different shade of circles indicate if fields
(mean of all samples from the field) have low soil extractable K (Kext<120 mg kg-1) or low K saturation (Ksat<1.6%)
and if the soil is a fixing or non-K fixing soil. In all cases where fertilizer K was applied, flag-leaf K values were > 1.2%.
At sites that did not receive fertilizer K, at the following sites flag-leaf K values were <1.2% in at least one of the field
checks tested:16, 41, 43, 49, 52 and 53.(Source: Linquist et al., 2022).
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levels were seen with lower Y-leaf levels of
these nutrients.

History of S or Zn application

While S and Zn were not limiting in any of the
soil or plant samples, fields that had a history
of S or Zn application also had higher soil test
values for those nutrients.

In summary, apart from N, P and K, there were
few other nutrient deficiencies that were com-
mon. However, while these results represent
over 80 fields from around the valley, any given
field could have unique nutritional problems.
Boron (B) was perhaps the micro-nutrient that
could present the most problems. We saw indi-
cations of both B deficiencies and toxicity.

While we did not find S or Zn deficiencies,
below we discuss this briefly because growers
tend to apply these nutrients.

Zinc

Plant Function. Zinc (Zn) is essential for nu-
merous biochemical processes, such as chloro-
phyll production, enzyme activation, and nucle-
otide synthesis.

Soil Zinc. Zinc deficiency, originally called
“alkali disease,” is common in high pH, sodic
soils, and in areas where the topsoil has been re-
moved by land leveling or where irrigation wa-
ter is high in bicarbonate (>4 milli-equivalents
[meq]). In zinc-deficient soils (< 0.5 ppm), rice
seedling growth may be reduced and, in severe
cases, stand loss may occur. Preflood surface
applications of 2 to 16 pounds per acre of ac-
tual Zn, depending on the source, have effec-
tively corrected this deficiency. Zinc deficiency
occurs more frequently in cool weather during
stand establishment. Zinc fertilizer in the form
of zinc sulfate, zinc oxide, or zinc chelate is
broadcast or sprayed on the soil surface after the
last seedbed tillage for maximum effectiveness.

Zinc deficiencies: There is very little translo-
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cation from old to new leaves. Consequently,
deficiency symptoms are more pronounced on
the young leaves. Plants may grow out of Zn
deficiencies early in the season. Severe Zn de-
ficiencies reduce tillering, delays crop maturity
and can increase spikelet sterility. Midribs near
the base of young leaves become chlorotic and
older leaves become droopy and turn brown.
Overall plant growth is stunted and leaf blade
size is reduced.

The Y-leaf at tillering should have a zinc con-
centration of 25-50 ppm. If it is below 20 ppm it
is considered deficient.

Sulfur

Plant Function. Sulfur is a component of pro-
teins and amino acids. Most sulfur in the plant is
the organic form, as opposed to inorganic forms.
Sulfur concentration in the plant decrease with
time.

Soil Sulfur. Rice plants absorb sulfur as sulfate,
which has similar dynamics in the soil as ni-
trate. Thus, analysis for soil sulfur is unreliable
and of little value for predicting deficiencies
in rice soils. Under flooded conditions, sulfate
can change to sulfide and combine with zinc
and iron to form unavailable compounds. Large
amounts of decaying organic matter may inten-
sify the immobilization of sulfur.

Sulfur deficiencies. Sulfur is not as readily
translocated; thus, deficiency symptoms are
more pronounced on the younger leaves. Over-
all light yellowing of the whole plant with the
worst of such symptoms in the younger leaves
are signs of low sulfur. Field symptoms are
generally less uniform than nitrogen deficien-
cies. While it may be confused with nitrogen
deficiency, nitrogen deficiency symptoms occur
first on the older leaves. However, at the early
stages of growth, the two are sometimes diffi-
cult to distinguish. Healthy rice shoots at tiller-
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ing should have between 0.15 and 0.30% sul-
fur. At maturity, if the straw contains less than
0.06% sulfur it is considered deficient.

Sulfur Fertilizers. Any sulfate containing fer-
tilizer, such as ammonium sulfate and 16-20-0,
will suffice. If either nitrogen or phosphorus are
not needed, gypsum (calcium sulfate) or mag-
nesium sulfate work well. Mixed with aqua,
ammonium thiosulfate solution is effective.

Elemental sulfur can be used, but plant response
will be slower. Application rates of 25 to 50 Ib/a
sulfur are suggested. Extreme cases may re-
quire more. Preplant applications are best, but
topdressing to correct a mid-season plant defi-
ciency is also effective. Unlike nitrogen, sulfur
deficiencies may be treated late in the season.
However, such late applications are unlikely to
restore the full yield potential.

Adjustments for other
establishment systems

Drill seeding

In drill (or dry) seeded systems in California,
rice is planted and then the field is flushed one

to three times to establish the crop. At about the
3to 4-leaf stage a permanent flood is bought on
the field. The best time to apply all fertilizers is
just before permanent flood. There have been
some that have recommended a small portion
of the N rate (i.e. 25 1b N/ac) being applied at
planting. However, research addressing the
need for this preplant N indicates there is no
benefit to applying N at that time. Since N is
applied when the crop is already established,
aqua is not an option. Usually urea is used as
the primary N source. Research evaluating urea
versus ammonium sulfate shows no difference
between these N sources. Therefore, unless the
soil is deficient is sulfur, there is no benefit to
ammonium sulfate.

For P and K applications can also be made at
permanent flood — at the same time as the N
application. There is no harm in applying these
nutrients earlier, however if P is being applied,
some N is also likely being applied and this
needs to be accounted for in the overall N rate.

Stale seedbed

From a nutrient management standpoint, the
stale seed bed presents some challenges — espe-
cially for nitrogen management. Management is

Water-seeded Drill-seeded
10000
o 8000 - e ===
ey
2 P
-
= 6000 o & -
= /;‘f,
= [ WS conventional
g 4000 WS stalo —— DS conventional
b - WS nodtill stale = == OS5 no-till siale
2000
a 50 100 150 200 0 50 100 150 200

N rate (Ib ac”)

N rate (b ac™)

Figure 20. Grain yield response to N fertilizer in water and drill seeded rice when managed conventionally or
with a stale seedbed. In the water seeded system both a tilled and no-till stale seedbed system was evaluated.
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a different depending of if rice is established by
drill or water seeding.

In water-seeded systems, flushing the soil with
water prior to planting to induce weed germi-
nation can stimulate N mineralization but it can
also promote N losses through denitrification.
Prior to planting especially, it may be likely that
there is a large supply of nitrate in the soil that
is lost to denitrification when the field is flooded
for planting. Furthermore, the N fertilizer needs
to be applied to the soil surface because in stale
seedbeds one does not want to disturb the soil
after the stale seedbed treatment. Urea is typi-
cally applied, but as discussed above, surface
applications of N fertilizer can lead to increased
N losses. These increased losses result in the
need to apply a higher rate of N fertilizer to
achieve desired yields than for conventionally
managed water seeded systems (Fig. 20). Re-
search conducted at the Rice Experiment Sta-
tion has shown that water seeded stale seedbed
systems require about 30 1b N/ac more. Other
research has shown that this fertilizer is best ap-
plied as urea just before flooding the field for
planting.

In drill-seeded systems there was no difference
in N requirement between conventional and wa-
ter seeded systems (Fig. 20). Therefore, it is rec-
ommended to apply the same N rate, using urea
and at the same time as one would (just before
to permanent flood) in conventionally managed
drill seeded systems.

Since fertilizer N needs to be surface applied in
stale seedbed systems the main fertilizer choic-
es are urea and ammonium sulfate. Research
comparing these two N sources in both water
and drill seeded stale seedbed systems shows no
difference. Unless sulfur is deficient in the soil
or the soil is alkaline, urea would be the best
choice of fertilizer given its high N content (45-
46%) and generally more favorable cost.
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Phosphorus and potassium fertilizer rates re-
main the same when using stale seedbed sys-
tems. These nutrients can be applied at the same
time as the N fertilizer.
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DISEASES

Microorganisms such as fungi, bacteria and vi-
ruses are known to cause plant diseases and lim-
it the health, quality and production potential of
crop plants. There are many factors that deter-
mine the incidence and severity of a specific
disease in the field, but there are three principal
elements that must be present for the occurrence
of a plant disease: a susceptible host, a patho-
gen, and favorable environmental conditions
for disease development. Disease pressure in
California is relatively low when compared to
tropical and subtropical production areas. The
lack of precipitation and low humidity during
the growing season limit the development of se-
vere epidemics; however, diseases can become
a limiting production factor when the three ele-
ments are present.

All of the diseases affecting rice in California
are fungal diseases; no bacteria or viruses are
known to cause diseases in California. The fol-
lowing discussion is meant to provide you with
the tools needed to identify rice diseases and
understand the interaction among the rice plant,
pathogen and environment. With this informa-
tion, you will be able to make informed disease
management decisions based on biology. Re-
member that the best tools you have are your
eyes so be sure to scout your fields regularly so
you may make the most educated decision.

Seed Rot and Seedling Disease

Seed rot and rice seedling diseases may be-
caused by Achlya klebsiana and Pythium spe-
cies. These diseases are widespread throughout
the rice growing areas of California and may
occur wherever rice is water seeded. Seed rot
and seedling disease often result in poor stand
establishment.

Symptoms of seed rot and seedling disease ap-
pear shortly after seeding. The most common
sign of the pathogen is whitish fungal hyphae
growing over the surface of the seed and young

seedling (fig. 1). Algae often colonize the myce-
lium, turning it green. A dark circular spot may
also occur on the soil surface around infected
seed due to the growth of algae and bacteria on
the fungal hyphae and infected seed. Seeds that
are infected shortly after seeding often don’t
germinate because the endosperm or embryo
is rapidly destroyed. Growth of seedlings may
be greatly impeded when seeds are infected fol-
lowing germination. Symptoms of seedling dis-
ease may include stunting, yellowing or rotting
of the seedlings.

Unfavorable conditions for seed germination
and seedling growth favor the development of
these diseases. Cool weather at planting is the
most common factor that predisposes seed and
seedlings to these diseases because of decreased
germination and seedling development rates.
Once seedlings are established, they will often
outgrow the disease under environmental con-
ditions favorable for seedling growth with little
effect on plant growth and survival.

The seed rot and seedling disease fungi survive
in the soil and produce zoospores (swimming
spores) in response to flooding of the soil. Zoo-
spores are attracted to cracks in the seed coat
where the endosperm is exposed or to the ger-
minating seedlings. Feeding by rice seed midge
or tadpole shrimp may predispose seed or seed-
lings to seed rot and seedling disease.

Laser leveling and maintaining a flood of 4
inches promotes rapid germination and stand
establishment without the loss of weed control
often associated with draining for stand estab-
lishment. Planting high quality seed with 85%
germination or more when water temperatures
are favorable for seed germination and growth
(> 70°F) is an important cultural management
practice for these diseases. Higher seeding rates
can compensate for losses due to seed rot and
seedling disease.
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Bakanae

Bakanae disease of rice is widely distributed in
Asia and was first recognized in Japan in 1828.
The word bakanae in Japanese means “foolish
seedling” and describes the excessive elonga-
tion often seen in infected plants. Symptoms of
elongated seedlings led to the identification of
bakanae in California rice fields in 1999. The
disease has now become widespread throughout
the rice growing areas of California.

Bakanae is caused by the fungus Gibberella fu-
Jikuroi (anamorph Fusarium fujikuroi). The fun-
gus infects plants through the roots or crowns
and grows systemically within the plant where
it produces the growth hormones gibberellin,
which causes plant elongation, and fusaric acid,
which causes stunting. The types of symptoms
produced by an infected plant may be depen-
dent upon the strain of the fungus and nutrition-
al conditions. The most visually striking symp-
toms of the disease are chlorotic, elongated,
thin seedlings that are often several inches taller
than healthy seedlings (fig. 2 and 3). Infected
seedling may also be stunted and chlorotic, ex-
hibiting a rot and crown rot. Infected seedlings
usually die. Older plants infected with the fun-
gus may exhibit abnormal elongation, stunting
or normal growth, yellowing, crown rot (fig.
4) and if they survive to maturity produce no
panicle or empty panicles. As death approach-

Figure 1. Seeds infected by seed rot show white fungal hyphae growing
on the surface of the seed. Photo Credit: UC IPM

es infected plants, leaf sheaths are usually cov-
ered with a mass of white or pinkish growth and
sporulation of the fungus near the waterline (fig.
5). Leaves sheaths of infected plants may also
turn a blue-black color with the production of
sexual reproduction structures called perithecia.

Bakanae is primarily a seedborne disease and

Figure 2. Seedlings infected with bakanae are elongated with thin leaf
blades.

Figure 3. Healthy (left) and bakanae infected (right).
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Figure 4. The crown of bakanae infected plants rots, result-
ing in premature plant death. Crown of infected plant (left)
compared to a healthy crown (right).

Figure 5. Bakane Sporulation in infected mature plants can
be white or pink, developing above the water level.

may be moved from one location to another on
infested seed. Airborne spores of the fungus
may contaminate seed after heading or during
harvest. The fungus does not appear to infect
the seed internally but rather contaminate the
outside of the seed coat. Survival of the fungus
in crop residue or the soil is thought to play a
minor role in the disease cycle of bakanae.

Planting clean seed is the most effective manage-
ment method for bakanae. Destruction of crop
residue in fields infested with the pathogen may
provide some benefits by limiting the amount
of inoculum that may carry over to the next
crop. Soaking seed in a sodium hypochlorite
soak solution is effective in reducing bakanae
incidence. Since 2003, Ultra Clorox Germicidal
Bleach has been labeled for bakanae control.
The product label specifies using a thorough-
ly premixed solution of five gallons of product
to 100 gallons of water, seed is soaked for two
hours, then drained and soaked in fresh water
for the remaining time. Alternatively, the label
specifies using a thoroughly premixed solution
of 2.5 gallons of product to 100 gallons of wa-
ter; seed is soaked for 24 hours, then drained
and planted within 12-24 hours. In some cases,
bakanae can be observed in fields seeded with
treated seed. When seed is held for more than
24 h because seeding is delayed, the tempera-
ture increase of the seed due to its physiological
activity may result in growth and sporulation
of surviving bakane inoculum, resulting in in-
creased incidence of the disease in the field.

Stem Rot

Stem rot disease occurs in most rice growing
regions of the world and is caused by the fungus
Magnaporthe salvinii. The stem rot pathogen is
most often found in its sclerotial state, Sclero-
tium oryzae, in the field. The initial symptoms
of stem rot appear after mid-tillering as very
small irregular black lesions on the outer leaf
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sheath of the tiller at the waterline (fig. 6). As
the season progresses, the lesions enlarge and
the fungus moves inward, infecting interior leaf
sheaths (fig. 7). Infected leaf sheaths often die
and slough off throughout the season. In severe
cases, the fungus will penetrate and rot the culm
killing the entire tiller (fig. 8). Tiny black scle-
rotia (hard resting structures) often form within
diseased leaf sheaths or culms (fig. 9). Sclerotia
and white fungal mycelium may also be found
inside the culm of severely infected plants near
maturity (fig. 10). Disease incidence and sever-
ity is positively correlated with the number of
sclerotia present in the upper layer of soil prior
to planting (fig 11).

The fungus overwinters mostly as sclerotia as-
sociated with diseased crop residue. When the
field is flooded for the following season, the
sclerotia float to the surface and infect devel-
oping seedlings at the waterline. When young
plants are infected, tillers are often killed or fail
to produce panicles. Moderate infections re-
sult in chlorotic leaves. In severe cases where
the culm is infected, plants lodge and senesce
prematurely (fig. 12), and panicle blanking in-
creases. Yield and quality may be significantly
reduced.

Cultural control methods play a key part in the
management of stem rot. Since sclerotia over-
winter in crop residue, one of the most valuable
management tools is limiting the amount of in-
oculum that carries over from one season to the
next. Burning of crop residue in the fall is a very
effective method of reducing sclerotial inocu-
lum levels in a field and reducing the amount of
crop residue available for sclerotia to form on
while overwintering. Swathing at ground level
and removing the straw from the field may be
nearly as effective as burning. Incorporation of
straw and winter flooding has also proven help-
ful in reducing carry over of sclerotia to the fol-

lowing season (fig. 13).

Although all California rice varieties are suscep-
tible to the stem rot pathogen, slight differences
between varieties exist. Varieties with shorter
developmental periods tend to have higher stem
rot severity when compared to varieties with

Figure 6. Initial symptoms of stem rot appear as small black lessions
on the outer leaf sheath of the tiller at the water level. Photo Credit:
UCIPM

Figure 7. As stem rot develops, black lesions enlarge, affect-
ing the leaf sheath and affecting leaves. Sometimes while
sporulation can be observed at the water level.
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Figure 8. In severe cases, stem rot penetrates and rots the
culm, killing the tiller.

longer developmental periods (fig. 14). Stem rot
is more severe in dense stands of rice and with
excessive levels of nitrogen fertilization. Low
potassium levels in the soil can increase the sus-
ceptibility of plants to stem rot. To minimize the
severity of stem rot, use seeding rates to estab-
lish 20-25 plants per square foot and fertilize
fields to maintain soil nutrient levels required
for optimum productivity.

The fungicide azoxystrobin (Quadris, QuiltX-
cel) is registered for stem rot control. Applica-
tion of azoxystrobin between the late boot stage
(when the panicle has not yet emerged) and ear-
ly heading (when 10 to 20% of panicles have
emerged from the boot and can be seen over the
canopy) can reduce the severity of stem rot. In
trials, treatment with azoxystrobin has resulted
in stem rot severity reductions of 20 to 30%.

Figure 9. Stem rot sclerotia can develop on leaf sheaths and
culms.

Figure 10. At maturity, severely infected plants will show
large number of sclerotia inside infected culms. These scle-
rotia survive in the straw residue and become the inoculum
for next season.




CALIFORNIA RICE PRODUCTION WORKSHOP 2023

1.50

Severity level

.50

.00 .20 .40 .60 .80 1.00 1.20

Stem rot sclerotia/g of soil

Figure 11. Disease severity (O=healthy, 4=culm rotted through)
is positively correlated with the number of sclerotia present in
the upper layer of soil prior to planting. From Webster et al.,
Hilgardia 49 (3), 1981.
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Figure 13. Residue management plays a key role in the management
of stem rot. Burning or decomposing straw during wintertime can

reduce the number of sclerotia in the soil, resulting in lower disease
levels during the season. From Webster et al., Hilgardia 49(3), 1981.

Figure 12. Stem rot infection can cause premature plant senescence
and lodging.
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Figure 14. Stem rot severity (O=healthy, 4=culm rotted through) at
the end of the season among selected varieties. Varieties with longer
periods of development tend to have lower stem rot severity. Rich-
vale, Butte County, 2021.
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Aggregate Sheath Spot

The fungus Rhizoctonia oryzae-sativae causes
aggregate sheath spot disease of rice. Lesions of
the disease first appear at the waterline during
the tillering stage as oval lesions with gray-
green to straw-colored centers surrounded by
a brown margin (fig. 15). Additional margins
often appear around the initial lesion forming
concentric bands. As the season progresses, ag-
gregate sheath spot lesions move upward and
form lesions on the upper leaf sheaths (fig.
16). Lesions often coalesce and cover the en-
tire leaf sheath. Leaves of infected leaf sheaths
turn bright yellow (fig. 17) and eventually die.
Under favorable conditions, the disease may
spread to the flag leaf or panicle rachis and re-
sult in partially filled panicles (fig. 18).

Rhizoctonia oryzae-sativae produces irregular
brown sclerotia that are larger than stem rot

Figure 15. Initial symptoms of aggregate sheath spot develop
on leaf sheaths at the water level as oval lesions with gray-
green to straw-colored centers surrounded by a brown
margin.

sclerotia on the surface of infected leaf sheaths
and cylindrical sclerotia inside the cells of in-
fected tissue (fig. 19). Potassium deficiency has
been associated with more severe disease symp-
toms. Excess nitrogen fertilization does not in-
crease the severity of aggregate sheath spot as
it does for stem rot. The same cultural manage-
ment methods used for stem rot may be used
for aggregate sheath spot. The disease cycles of
the two diseases are very similar so reducing the
carry over of sclerotia to the following season is
key. Just as with stem rot, the fungicide azox-
ystrobin (Quadris, QuiltXcel) is effective in re-
ducing the severity of the disease when applied
between the late boot and early heading stage.
Reductions of up to 80% in disease severity
have been observed.

Figure 16. As the season progresses, aggregate sheath spot
lesions move upward and form lesions on the upper leaf
sheaths.
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Figure 17. Leaves of leaf sheaths infected with aggregate sheath spot turn bright yellow and eventually die.

Figure 18. Under favorable disease condictions, Figure 19. Aggregate sheath spot sclerotia are cylindri-
aggregate sheath spot lesions can infect the flag cal and develop inside infected tissue

leaf sheath or panicle rachis, potentially producing

panicle blanking.




CALIFORNIA RICE PRODUCTION WORKSHOP 2023

Rice Blast

Rice blast disease is caused by the fungus Pyric-
ularia grisea and is widely distributed through-
out the rice growing regions of the world but
was only identified in California in 1996. The
incidence of rice blast is relatively low most
years, but severe epidemics have occured. Blast
is considered to be the most important disease
of rice worldwide and may cause crop losses
of up to 50% when conditions are favorable for
disease development. Pyricularia grisea may
infect most aboveground parts of a rice plant in-
cluding leaves, leaf collars, nodes, panicles and
grains. Rice blast disease may be called by dif-
ferent names depending on the part of the plant
infected.

Symptoms of leaf blast typically consist of
elongated diamond-shaped lesions with gray
or whitish centers and brown or reddish brown
margins. Lesions can coalesce and result in
large, irregular, affected areas on leaves (fig.
20). Leaf collars may also be infected by the
fungus and produce a brown or reddish-brown
necrotic area at the junction of the leaf blade
with the sheath creating a “collar rot” symptom
(fig. 21). Collar rot may lead to death of the
entire leaf, which may have a significant effect
on yield when occurring on the flag leaf. Stem
node infections result in a blackened node and
may result in complete death of the tiller above
the infection point . “Neck blast” is considered
to be the most destructive phase of the disease
and occurs when the fungus infects the node
just below the panicle resulting in a brown or
black lesion that encircles the entire node (fig.
22). Depending on the time of infection and
progress of the pathogen, neck blast may result
in blanking of the panicle or incomplete grain
filling. In addition, panicle branches and spiklet
pedicles may also be infected resulting in re-
duced yield and/or milling quality.

Infected seed and crop residue are thought to be

Figure 20. Blast lesions on leaves are diamond-shaped, with
gray or whitish centers and brown or reddish brown margins.
Lesions can coalesce and result in large, irregular, affected
areas on leaves.
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the most important sources of fungal inoculum
in California. Only a small amount of starting
inoculum is needed to produce a high incidence
of rice blast disease as the pathogen may go
through several reproductive cycles per season
under favorable conditions. Each cycle consists
of a spore of the fungus infecting a plant, pro-
ducing a new lesion, and resulting in thousands
of new spores that may infect other plants with-
in a matter of 7-10 days under favorable condi-
tions. With each spore capable of producing a
new lesion, this disease may increase rapidly in
a suitable environment. The fungal spores are
dispersed by air and may be carried long dis-
tances, so it is possible to develop collar and
neck rot in a field with no previous signs of leaf
blast.

Rice blast development is favored by high nitro-
gen fertilization, extended periods of leaf wet-
ness, high relative humidity, little or no wind
and nighttime temperatures of 63-73°F. Spores
are produced and released only under high rel-
ative humidity conditions and infection of the
plant requires a lengthy period of free moisture
on the plant tissue surface before the process is
complete. Most years, environmental conditions
appear to be permissive but not optimal for rice
blast development in California rice fields.

Planting resistant cultivars is one of the primary
methods of managing rice blast in many areas
of the world. In California, M-210 is current-
ly the only rice cultivar with resistance to rice
blast; all other varieties are susceptible, with
some differences in their degree of susceptibili-
ty. Several cultural practices are helpful in man-
aging rice blast. Destruction of crop residue in
infested fields, planting clean seed, water seed-
ing, maintaining a continuous flood, and avoid-
ing excessive nitrogen fertilization are recom-
mended to limit the incidence and severity of
rice blast. Azoxystrobin (Quadris, QuiltXcel)
and trifloxystrobin (Stratego) fungicides are
registered for use on rice in California as pro-

7.10

tectants against neck blast. Applications should
be made at the late boot to early heading stage
to protect panicles. During severe epidemics, a
second application may be necessary. As pani-
cles mature, they become less susceptible to the
pathogen. Applications to control leaf blast are
usually not necessary unless large areas of the
field are affected.

Figure 21. Blast can produce a collar rot that may lead to leaf death.

Figure 22. “Neck blast” is considered to be the most
destructive phase of the disease and occurs when the
fungus infects the node just below the panicle resulting
in a brown or black lesion that encircles the entire node
and a empty or partially filled panicle.
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Kernel Smut

Kernel smut, caused by the fungus Tilletia bar-
clayana, is generally considered a minor disease
of rice in California. Kernel smut is character-
ized by a black mass of spores (chlamydospores)
that replace the endosperm of individual kernels
near maturity (fig. 23). Generally, a panicle may
only have a few smutted kernels at random lo-
cations. Kernel smut is most noticeable early in
the morning when dew causes infected kernels
to swell and erupt in a black ooze of spores.
Severe epidemics have occurred in California,
resulting in yield and quality losses. In severe
cases, milled grain whiteness can be significant-
ly reduced (fig. 24)

The disease cycle of kernel smut is rather com-
plicated. The fungus may overwinter in or on

Figure 23. Kernel smut produces a black mass of spores that
replace the endosperm of individual kernels near maturity.
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Figure 24. Relationship between kernel smut infection in a long grain
variety with yield (a) and milled grain whiteness (b). As the number of
smutted kernels increases, both parameters decrease. Richvale, Butte
County, 2020.

seed or in the soil as chlamydospores dislodged
during the harvest of infected grain. When
fields are flooded the following spring, chlam-
ydospores float to the surface and germinate to
produce primary sporidia. Large numbers of
secondary sporidia are produced from the pri-
mary sporidia and are forcibly discharged into
the air where they may infect individual florets
or kernels.
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Short and medium grain rice varieties are less
likely to have significant amounts of kernel
smut compared to long grain varieties (fig. 25).
This resistance is thought to be because long
grain varieties have a longer duration of an-
thesis and a larger floret opening, resulting in a
greater chance of spores entering the floret.

Kernel smut is a difficult disease to manage.
Plant certified seed and avoid excessive nitro-
gen fertilization that may favor disease devel-
opment. If a field has a history of kernel smut,
avoid planting the more susceptible long grain
varieties. Fungicides containing propiconazole
(Tilt, QuiltXcel, Stratego) are registered for
use on rice in California and provide protection
against kernel smut. Applications should target
the mid to late boot stage when panicles have
not emerged yet. Applications made after pan-
icle emergence have little effect on the disease.

False Smut

False smut disease, caused by the fungus Us-
tilaginoidea virens, was identified in a single
Glenn County field in the fall of 2006 and sub-
sequently in a couple of other Colusa and Glenn
County fields. This pathogen replaces the rice
kernels with globose, velvety spore balls up to
I cm in diameter, which erupt from between
the glumes. The spore balls consist of three
spore-producing layers surrounding a hard core
of fungal mycelium. The inner most and middle
layers contain immature spores of yellow to or-
ange coloration (fig. 26). The outermost layer
consists of mature spores that are olive to black
in color. One or more irregular, hard, black scle-
rotia are found at the center of the mature spore
ball. Generally, only a few grains of a panicle
are affected by this disease.

While this disease was reported to have oc-
curred on rice in California many years ago the
details of the extent of disease distribution are
not well documented. No reports of negative ef-
fects on yield or quality exist from California.
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Figure 25. Response of common rice varieties to kernel smut. Short and
medium grain varieties are considered less susceptible than long grain
varieties. Glenn County, 2018.

Figure 26. False smut has only been identified in a few fields in Glenn
and Butte counties. No reports of negative effects of the disease on yield
or quality have been documented in California. Photo by Don Groth,
LSU Ag Center.




INVERTEBRATES

Numerous species of invertebrate animals are
found in rice fields. These species are able to
utilize the short-term aquatic environments of a
typical rice field and are often pre-adapted to this
type of agricultural environment. The changing
nature of a rice field limits use of this habitat
to invertebrates with specific life histories. Rice
fields go from dry soil to a flooded aquatic envi-
ronment, followed by quickly developing plant
material, and finally drained soil with senescent
plants. Insects, spiders, crustaceans, and other
groups constitute the invertebrates in rice fields.
In a study conducted in 1990, researchers sam-
pled and identified about 60 different species of
arthropods in a survey of a California rice field.
More recent efforts in the 2000’s again found
this level of diversity in California rice fields.

Most of these invertebrates inflict no damage
to rice plants, whereas about ten species can
hinder rice productivity and yield. Rice is most
susceptible to damage during the first six weeks
after seeding. A couple of species of insects and
crustaceans decrease seedling establishment.
During the vegetative growth phase, a few spe-
cies can potentially be problematic by feeding
on foliage, but populations are generally low
and damage minimal. Invertebrate pests in Cal-
ifornia are uncommon during the grain-filling
period. The rice stink bug, a pest that severely
impacts grain quality of southern U.S. rice, is
absent in the California system. Similarly, leaf-
hopper and planthopper species (and associat-
ed virus diseases they transmit) that severely
hamper Asian rice production do not occur in
California rice. Stem borers also do not occur in
California rice.

Another segment of the invertebrate complex in
rice fields that is of interest is the mosquito pop-
ulation and the natural enemies that feed upon
aquatic mosquito eggs, larvae, and pupae. These
individuals have no direct impact on rice plant
productivity but are important from a “good
neighbor” standpoint. Rice production prac-

tices can affect mosquito populations and their
management. Mosquito management is gaining
increased importance with the increased preva-
lence of mosquito-vectored diseases, i.e., West
Nile Virus.

Arice field is a definite “agroecosystem”. Man-
agement actions intended to facilitate seedling
establishment, weed control, plant growth (fer-
tilization), etc. have effects on population levels
of invertebrates. These effects could be positive
or negative. Discussions of management of in-
vertebrate pests will be divided into three por-
tions of the growing season:

1. Seeding to 4-5 leaf stage (0 to ~30 days after
seeding),

2. 5-leaf stage to heading and flowering stage
(30 to ~90 days after seeding),

3. Heading to harvest.

4. Management actions... have effects on pop-
ulations of invertebrates

Seeding to 4-5 leaf stage

Tadpole shrimp, crayfish, seed midge, and rice
leafminer all have the capacity to hinder rice
seedling establishment and early-season plant
growth. In addition, rice water weevil adults
feed during this period; however, the primary
damage is inflicted later in the growing season
by the rice water weevil larvae that develop on
roots under the soil. Insecticidal management of
this pest is targeted toward the adults so it is
appropriate to consider this pest in this section.

Tadpole shrimp

Tadpole shrimp (fig. 1) persist during dry peri-
ods in the egg stage (surviving for several years
at minimum) and hatch quickly in the spring
with the addition of water and sufficiently high
temperatures. Eggs in the surface layer of soil
hatch primarily two to three days after the flood
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is initiated, although some eggs will continue
to hatch. Just-hatched tadpole shrimp are ex-
tremely small, but young tadpole shrimp grow
fast, with higher water temperatures leading to
more rapid growth. Initially, they feed on algae
and other small organisms. Very young shrimp
resemble adult shrimp, although they have less
pigmentation. When their carapace (primary
shell) is about half the length of a rice seed,
tadpole shrimp readily feed on germinating
rice seeds, preferring the emerging radicle and
coleoptile (fig 2, fig. 3). Large tadpole shrimp
can cause further damage by uprooting seed-
lings while digging in the soil. The occurrence
of floating seedlings, cast exoskeletons (shed
skins produced as the tadpole shrimp molts),
and muddy water (from shrimp digging) are in-
dicative of tadpole shrimp infestations. Chewed
and pruned roots on the floating seedlings can
distinguish drifting seedlings due to tadpole
shrimp from seedlings that are floating due to
strong winds or other conditions.

Muddy water produced by the shrimp can re-
duce light penetration and further inhibit seed-
ling growth and establishment. Once seedlings
have a well-established root and the prophyll
(spike) is emerged, they are less susceptible to
tadpole shrimp injury. Mature tadpole shrimp
lay eggs along the bottom.

Management of all seedling pests is generally
similar. For tadpole shrimp, application of in-
secticides pre-plant or soon after seeding is typ-
ically most effective due to the quick developing
nature of the infestations after flooding. Scout-
ing for tadpole shrimp while small followed by
rapid applications can still avoid damaging pop-
ulations however. Actions that facilitate quick
establishment of rice seedlings can also mitigate
damage from tadpole shrimp. Since they only
damage rice seeds and young seedlings, once
these stages are past, the potential for damage is
low. Quick flooding and timely seeding reduces
the risk of injury. Field draining soon after seed-

ing until there is no standing water can assist in
managing tadpole shrimp.

Figure 1. Tadpole shrimp can feed on germinating seeds, uproot
seedlings, and muddy water, reducing the amount of light seedlings
growing underwater can get.

Figure 2. Small tadpole shrimp look very similar to large shrimp, with a
rice grain shown for scale here.

Figure 3. Tadpole shrimp injury to the emerging coleoptile.
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Crayfish

Crayfish (fig. 4) make burrows and tunnels in
levees near water boxes, compromising the
structure of the levee (fig. 5). Crayfish’s tun-
neling activity can cause seepage in levees,
which could result in the illegal release of pes-
ticide-treated water. Crayfish feed on dead and
decaying matter, insects, and plants.

Their feeding on plants can also be a problem on
seedling rice. Muddy water, uprooted seedlings,
and reduced stands result from crayfish infesta-
tions as they feed on rice and forage along the
bottom.

Similar to preventing damage by tadpole
shrimp, quick flooding and seeding can prevent
damage to seedlings by crayfish. Crop rotation
can also help manage crayfish. No insecticides
are labelled for crayfish.

Figure 4. Crayfish can directly affect rice by feeding on the germinating
seed

Figure 5. Holes dug by crayfish may cause unwanted seepage.

Rice seed midge

Rice seed midge also hinders seedling estab-
lishment and can damage newly planted rice as
larvae. There are several midge species in this
pest grouping (Cricotopus sylvestris, Paralaut-
erborniella subcincta, Paratanytarsus spp.). The
adults are a small, somewhat mosquito-like fly,
although they cannot bite like a mosquito (fig.
6). Adults are extremely mobile. Upon flooding
a field, thousands of these adults fly to the field
and deposit eggs on the water surface. Swarms
of adult midges near fields are often misidenti-
fied as mosquitoes. The eggs hatch in one to two
days and the larvae feed on the soil surface of
the flooded field (fig. 7). Larvae feed on seeds
and seedlings as well as on algae. They often
destroy the seed before it can germinate in the
water (Fig. 8). Once the seedling is 3 to 4” long,
it is not susceptible to midge damage.

Figure 6. The rice seed midge can produce large swarms under certain
conditions.

Figure 7. Rice seed midge form tubes in sediment.
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Management of all these seedling pests is simi-
lar. Application of insecticides pre-plant or soon
after seeding is most effective due to the quick
developing nature of the infestations after flood-
ing. Scouting for tadpole shrimp while small
followed by rapid applications can still avoid
damaging populations. Actions that facilitate
quick establishment of rice seedlings can also
mitigate damage from these pests. Since these
invertebrates only damage rice seeds and young
seedlings, once these stages are past, the poten-
tial for damage is low. Quick flooding and time-
ly seeding reduces the risk of injury by these
pests. Crop rotation can help manage crayfish,
and field draining soon after seeding can assist
in managing tadpole shrimp and seed midge.

Figure 8. Developing rice seed midge larvae will feed on germinating
seeds, killing them.

Rice leafminer

The rice leafminer was a significant pest of rice
in California through the 1970’s. During the
1990’s, this pest could be found at low levels in
most fields. Today, populations of rice leafmin-
er are very low or absent. The adult fly is small,
bristly, and brown-grey. Female flies lay single
eggs on leaves. The resulting larva (fig. 9) mines
between the epidermal layers of the leaf (fig.
10). This injury can resemble that of rice water
weevil adults with the difference being that the
leafminer larva can be seen in the leaf when it is
held up to the sunlight. There are multiple gen-
erations of rice leafminers per year (up to 11),

but this pest only damages rice before the plants
start to grow upright. Leaves laying on the wa-
ter surface are susceptible to attack. Therefore,
slow-growing rice (cool weather and/or deep
water) is most susceptible to damage. Biologi-
cal control by parasitic wasps does aid in man-
aging this pest.

Figure 9. Rice leafminer larvae tunnel within
the leaf eating the tissue.

Figure 10. Large rice leafminer numbers can cause browning of the leaf
and reduce photosynthesis

Rice water weevil

The rice water weevil (fig. 11) was one of the
most damaging insect pests of rice in California
after its discovery in the Sacramento Valley in
the late 1950s. Currently, noticeable damage by
rice water weevil is unusual and limited to ar-
eas with a history of rice water weevil pressure.
Most likely, the decline in issues with rice wa-
ter weevil can be explained by the use of new,
more vigorous varieties and the intensive use of
insecticides to manage tadpole shrimp.
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Adult rice water weevils overwinter in a dia-
pause (reduced activity) state in ditch banks,
crop residue, and riparian areas. As tempera-
tures increase, adults feed on leaves of grasses
and break diapause. Through this, they regen-
erate their flight muscles such that adults can
fly for several miles (hypothesized to up to 20
miles). The spring flight (Apr.-June) occurs
days with warm, calm evenings. Adults prefer
to infest newly flooded rice fields. Fields with
rice plants emerging through the water are most
susceptible to infestation. Adults feed on the
leaves of rice plants, which result in character-
istic longitudinal feeding scars (fig. 12). This
feeding has no effects on spring rice growth or
yield.

Adults oviposit in rice leaf sheaths just below
the water level in plants with 2 to 6 leaves. Eggs
hatch in 5-7 days. The first instar larvae feed
on leaves for a few days and then drop down
through the water and soil to the roots (fig. 13).
The remainder of the life cycle is spent in the
flooded soil of rice fields. The larvae devel-
op through four instars and feed on rice roots.
Rice water weevil larvae root feeding causes
reduced plant growth, chlorosis, and reduced
tillering. These symptoms become noticeable
four to six weeks after seeding. Pupation occurs
on rice roots (fig. 14) and new adults emerge in
late July. These adults feed to a limited extent
on rice leaves and then leave the rice fields for
overwintering sites. In California, damaging in-
festations of rice water weevil larvae are limited
to areas up to 50 feet next to borders of fields
and levees (fig. 15). Grain losses from larval
feeding of up to 45% have been recorded. In
California, research results support an econom-
ic threshold of about 1 larva per plant.

Management of rice water weevil in California
relies on chemical and cultural controls. Bio-
logical control of this pest is nonexistent. For
cultural controls, removal of levee vegetation in
the spring helps reduce rice water weevil den-

Figure 11. The rice water weevil is the most important pest of rice in
the US. In California, it only affects areas near borders and levees.

Figure 12. Overwintering adults emerge in the spring to feed on rice
leaves

Figure 13. The small, legless larva drop to soil where they feed on the
roots.
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sities. The additional herbicides required for
this and the loss of wildlife habitat on levees
are substantial drawbacks of this tactic. Two ad-
ditional cultural methods assist in reducing rice
water weevil densities, but may not fit all pro-
duction schemes. They include dry seeding rice
and delaying seeding dates. The reduced yields
that can result from these techniques make them
undesirable to growers.

Currently, the need for insecticide applications
against rice water weevil rely on grower expe-
rience and the history of the field. Several in-
secticides are available for rice water weevil. In
1999, diflubenzuron (Dimilin) and lambda-cy-
halothrin (Warrior) were registered, followed
by another pyrethroid, zeta-cypermethrin (Mus-
tang), in 2002. Generic formulations of lamb-

Figure 14. Feeding from the larvae will prune the root system and
retard the growth of the plant, resulting in costly yield reductions.

Figure 15. Injury by rice water weevil is observed as a reduction of
plant growth, reduction in tillering, and chlorosis. Damage is limited to
areas near borders and levees.

da-cyhalothrin are also available. These insec-
ticides are effective for RWW management in
California, although they have limitations. They
target adults, and have limited effects on larvae,
which is the damaging stage. Dimilin sterilizes
adults (i.e., females produce no viable eggs) and
the pyrethroid products kill adults, limiting egg
laying. Application timing is of utmost impor-
tance since control with these products is not
possible after a few days following oviposi-
tion. These insecticides are recommended to be
sprayed at the 2-4 rice leaf stage. Additionally,
lambda-cyhalothrin can be applied preflood up
to five days before the field is flooded. Applica-
tions can be made to field borders and only 50
feet adjacent to the levee. Clothianidin (Belay),
a third generation neonicotinoid, was registered
in 2014. A post-flood application timing (~2-3
leaf stage) appears to be the optimal timing or
this product, although clothianidin can be used
as a rescue treatment when larvae are present
and feeding on roots at the 5 to 6 leaf stage of
rice.

5-leaf Stage to Heading
and Flowering Stage

Two species of armyworms, true armyworm and
western yellowstriped armyworm, are found in
rice fields during the summer, although true ar-
myworm is the species most often associated
with damage (fig. 16). In recent years, damage
from these pests has been more severe than it
has been historically.

The armyworm moth lays its eggs in linear
masses with the leaf tied around the eggs in a
roll on rice or other grass species in and around
rice fields. Larvae of both species are striped and
vary in body color. Larvae feed predominantly
at night or during cloudy days. They grow to
full size and pupate in about 3 to 4 weeks in the
summer. Pupation normally takes place in the
upper surface of the soil or in debris, so many
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Figure 16. Armyworm larva with true armyworm on the left and yel-
lowstriped armyworm on the right.

Figure 17. Adult true armyworm.

mature larvae drown in flooded paddies before
reaching a suitable pupation site. However,
some are able to pupate lodged between leaves
or tillers. Adult moths of both species have a
wing span of about 1.5 inches and are predom-
inantly silver and gray (western yellowstriped
armyworm) or buff colored (true armyworm)
(fig. 17).

Damage by armyworms typically occurs during
periods of stem elongation (early summer) and
grain formation (late summer). Larvae defoliate
plants, typically by chewing angular pieces off

Figure 18. Leaf damage is the most obvious sign of the presence of
caterpillars. Even large caterpillars can be hard to find, as evidenced by
the two caterpillars hiding in the photo on the right.

Figure 19. Severe defoliation can occur when armyworms reach high
population levels.

leaves (fig. 18). During outbreaks, defoliation
to the water level can occur (fig. 19). Army-
worm larvae may also feed on the panicle, spe-
cifically on the rachis near the developing ker-
nels causing these kernels to dry before filling.
This feeding causes all or parts of the panicle
to turn white (fig. 20). The seriousness of ar-
myworm injury depends on the maturity of the
plant and the amount of tissue consumed. Sig-
nificant yield reduction can occur if defoliation
is greater than 25% during the early summer in-
festation or if panicle injury is higher than 10%
later in the summer

True armyworm outbreaks occurred in 2015,
2016 and 2017. Pheromone moth trapping is
being used to predict activity of armyworm
larvae and improve timing of field monitoring
(fig. 21). Various natural factors cause mortality
of armyworms. Many caterpillars drown or are
killed by natural enemies, including predators,
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Figure 20. Armyworm injury during heading results in broken panicle
branches and empty kernels.

Figure 21. Average number of true armyworm moths trapped across
the Sacramento Valley in pheromone traps, 2018-2021. There are typi-
cally two peaks in adult moth captures.

pathogenic microorganisms, and parasitoids.
Insecticide treatments are justified if, from late
June through early July, more than 25% defo-
liation occurs and armyworms are present on
the plants. Treatment for panicle loss is justified
if 10% of the panicles in the area sampled are
damaged and armyworms are observed.

The pyrethroid insecticides (lambda-cyhalo-
thrin and zeta-cypermethrin) are ineffective
for controlling armyworms. The insect growth
regulator diflubenzuron (Dimilin) is effective;
however, it has an 80 day pre-harvest interval
which prevents its use during the heading stage.
The biological insecticide Bacillus thuringensis
is effective when applied against small army-

worms, which can be difficult to find timely in
the field. The insect growth regulator methoxy-
fenozide (Intrepid) has received a Section 18
registration, allowing its use on rice on a yearly
basis. Other alternative insecticides are still be-
ing evaluated.

Heading to Harvest

A few instances of pecky rice (fig. 22) have oc-
curred in California in recent years. Pecky rice
refers to kernels that exhibit a discoloration af-
ter hulling and milling. This discoloration can
be caused by insects, but can also be caused
by pathogens developing on the kernel due to
excess moisture from rain or lodged rice. In
fields that produced some pecky rice and quali-
ty downgrades the previous year, a native stink
bug called the redshouldered stink bug (fig. 23)
(Thyanta pallidovirens [= T. accerra]) was col-
lected the following year in early September.

Figure 22. Pecky Rice

Figure 23. Redshouldered stink bug
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Cage studies showed that this and other common
stink bug species have the potential to feed on
developing kernels and cause peck. Stink bugs
can be common in rice fields with higher levels
of weeds, fields near natural/riparian areas, and
rice fields interspersed with other crops. Never-
theless, in most fields, stink bugs are present at
very low levels and do not constitute a problem.

Additional Information:

The UC Pest Management Guidelines for Rice
maintains up-to-date information on manage-
ment of key invertebrate pests of rice (UC IPM
Pest Management Guidelines: Rice, UC ANR
Publication 3465; http:/ www.ipm.ucdavis.
edu/PMG/selectnewpest.rice.html). In addition,
the publication entitled, Integrated Pest Man-
agement for Rice, 3rd Edition (UC ANR Pub-
lication 3280) is a good resource for rice [PM.







Introduction

Weed populations have always been dynamic
and the continuous use of almost any manage-
ment practice alone has resulted in the loss of
weed control. About the only certainty in Cali-
fornia rice weed management is change. Within
a few years after the introduction of rice in 1914,
weeds were running rampant in the dry-seed-
ed culture established at the time. Dr. Jenkins
Jones wrote in 1924 that “practically all, if not
all of the lands—and these represent the ma-
jor portion of the rice acreage—are quite foul
with water grass,” and that on these lands it was
“practically impossible to grow profitable rice
crops.” Jones’ research led to water-seeding, but
large seeded biotypes of water grass better able
to emerge through the continuous flood became
the dominant weed problem along with a new
set of aquatic species. These included the sedge
species, the aquatic broadleaf species and the
late watergrass biotypes or so-called “mimics”
which evolved in Asia from selection pressure
of hand weeding. As weeds that looked differ-
ent from rice were hand pulled the ever evolv-
ing survivors looked more and more like rice;
hence, the name mimic.” Since 1992, several
weed species that commonly infest California
rice fields have evolved resistance to herbi-
cides. Even multiple resistances, the resistance
to more than one type of herbicide action, has
evolved. This and the advent of mostly foliar
applied herbicides have greatly increased the
difficulty of watering and hence weed control.
Adding to the complexity of rice weed manage-
ment are regulatory aspects related to herbicide
drift, buffer zones and water holding periods
that limit weed control choices and shape de-
cisions. The following discussion and tables
provide a framework for decision-making in the
increasingly complex of rice weed control.

The Weeds: Species,
Recordkeeping and Resistance

Proper identification of weed species is essen-
tial to successful weed management in rice.
Weed identification is particularly important
because many of the rice herbicides control
one or only a few species, so incorrect weed
identification can lead to poor control. It is not
enough to group weeds broadly into sedges,
“lilies” and grasses. Rather, we need to know
with certainty that the weed is ricefield bulrush
instead of smallflower umbrella sedge; or to
know with certainty that the weed is California
arrowhead rather than ducksalad or some other
broadleaf species. Moreover, knowledge of the
species and its competitive ability are critical to
target the most important and potentially dam-
aging weeds. For example, even though Cali-
fornia arrowhead may be the dominant species
in a field, will it be the most damaging? Weed
species common to California rice are listed in
Table 1.

Field history is a valuable tool for understand-
ing the changes in weed populations. Although
it is common to keep field records of varieties,
yields and quality, it is relatively uncommon to
see good records and maps of the weed species
present in a field. Records of weeds (complete
with field maps) coupled with good documen-
tation of management and herbicide practices
provide very useful information about the build-
up of certain weed species, weed resistance and
other aspects related to weed control (such as
whether or not the weed infestations are related
to field operations—field equipment, etc.). Fur-
thermore, the ability to use certain herbicides
depends on the ability to document resistant
weed populations in the field. Most importantly,
good field records will likely improve the abil-
ity to select management practices and herbi-
cides to minimize weed problems.
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Table 1. The common and scientific names of major weeds in California rice.

Group Common Name Scientific Name Weed Type
Grasses Barnyardgrass Echinochloa crus-galli annual
Watergrass (early) Echinochloa oryzoides annual
Watergrass (late) Echinochloa phyllopogon annual
Sprangletop, bearded Leptochloa fusca ssp. fascicularis |annual
Sprangletop, Mexican Leptochloa fusca ssp. uninervia  |annual
Weedy Rice Oryza sativa annual
Sedges Smallflower Umbrella Sedge | Cyperus difformis annual
Bulrush, Ricefield Schoenoplectus mucronatus annual
Bulrush, River Schoenoplectus fluviatilis perennial
Cattails Typha spp. perennial
Broadleaf California Arrowhead Sagittaria montevidensis annual
Gregg’s Arrowhead Sagittaria longiloba perennial
Ducksalad Heteranthera limosa annual
Marshweed Limnophilia spp. perennial
Pickerelweed Monochoria vaginalis annual
Pondweed, American Potamogeton nodosus perennial
Redstems Ammannia spp. annual
Common Waterplantain Alsima triviale perennial
Waterhyssop Bacopa spp. annual
Winged Primrose Willow  |Ludwigia decurrens annual
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Record keeping is even more important with
the advent of herbicide resistance. It is now not
enough just to identify a particular species, but
whether or not it exhibits herbicide resistance is
of paramount importance to selecting the cor-
rect herbicide, combination or sequence. Cur-
rently, the only diagnostic services to determine
whether or not weeds are resistant are provided
by UC Davis Weed Science Program at the Rice
Experiment Station at Biggs or by the compa-
nies whose products are involved. Submitting
samples to the UC weed program requires spe-
cific records related to field history, cultural
management, water delivery system and farm-
ing operations. Thus, such diagnosis depends
on the records of field history. Aside from di-
agnostic confirmation of weed resistance, the
best indicator is whether or not properly applied
herbicides are able to control the weeds. If not,
the chances are good that the species may be
resistant. However, other possibilities should
be eliminated before concluding that the weed
is resistant. One telltale sign, assuming that all
conditions such as weed growth stage, weath-
er and management practices were ideal, is the
survival of a single, normally susceptible spe-
cies while all others are controlled. The survival
of a single species year after year when it was
previously controlled is also a reasonable indi-
cator of resistance. However, allowing weeds
to reproduce over time eliminates the option of
prevention to keep resistant weed seed banks at
low levels in the soil. Certainly, the early iden-
tification of weed resistance and even draconi-
an efforts to reduce weed seed production are
essential to combat resistant weeds—especial-
ly on a farm scale where resistant populations
could be restricted to single fields rather than be
allowed to spread.

Weed Management: Prevention

Prevention can be an important part of rice
weed control. Prevention sounds good but un-

fortunately is not practiced as much as it should
be. The use of certified seed is probably the best
example of weed prevention in California. By
comparison to most other areas of the world,
California has one of the highest percentages of
planted acres in certified seed — nearly 100% at
its peak, but with economic downturns this has
been somewhat lax at a time when resistant wa-
tergrass should have made it imperative. Certi-
fied seed standards do not permit weedy (red)
rice or noxious weed seeds and have eliminated
red rice from California. The maximum allow-
able is 0.10 weed seeds by weight, and further
limits watergrass and barnyardgrass seeds to
less than 0.01 by weight. Irrigation water and
farm machinery frequently transport weed seeds
or other plant propagules into the field. The in-
troduction of weed seed, tubers, and rhizomes
can be reduced by cleaning farm implements
when they are moved from field to field.

Weed Management: Cultural
Methods

The value of good cultural practices cannot be
underestimated in their importance to weed
management. Although they are generally not
enough by themselves, good practices can
greatly suppress weeds and enhance the effec-
tiveness of herbicides used in combination with
them. Most, if not all of these cultural methods
will be a necessary part of crop management
anyway, so in controlling weeds, they become
extremely cost effective. For example, good
water management can be the most efficient
method available to suppress weed species such
as sprangletop, barnyardgrass, and even water-
grass, to the point that herbicides can control
them more effectively.

Tillage and Field Preparation

Tillage, land leveling, and preplant fertilizing all
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influence weed germination and growth. These
management practices are covered in other chap-
ters of this workbook and will be discussed here
only in reference to weed management. Tillage
and field preparation have changed dramatically
with the advent of rice straw incorporation and
winter flooding. Generally, the soil is wetter for
longer periods and thus drying of over winter-
ing rhizomes and corms of perennial weeds is
not possible unless heavily infested fields are
specifically targeted for dry tillage. Additional-
ly, straw incorporation by wet rolling and es-
pecially discing or plowing in the fall incorpo-
rates weed seed, creating an over wintering seed
bank that cannot be reduced by bird and small
mammal depredation. In the spring, inadequate
grading or planing of the field can leave high
spots for weed germination or low areas where

weeds remain under the floodwater during the
application of foliar-active herbicides.

Water Management

Proper water management is the most import-
ant factor in controlling weeds in rice. Careful
land grading and seedbed preparation before
planting help maintain uniform water depths
in rice fields. Ideally, fields should be flooded
continuously to a depth sufficient to suppress
weeds, particularly the grasses and smallflower
umbrella sedge—generally 4-8” deep. Howev-
er, this works only if the herbicides are effective
when applied into the water. The advent of weed
resistance to many of the into-the-water herbi-
cides has necessitated a change to foliar-active

Table 2. Waterholding requirements, pre-harvest intervals (PHI) and restricted entry intervals (REI) for rice herbicides (by trad name and active
ingrident). Note: Rice herbicides waterholding requirements, pre-harvest intervals (PHI) and restricted entry intervals (REI) from product labels.
Please read and follow label directions and contact your county agricultural commissioner for label interpretations and permit conditions.

COMMON TRADE ACTIVE WATERHOLD PRE-HARVEST RESTRICTED
NAME INGREDIENT TIME INTERVAL (PHI) ENTERY
INTERVAL (REI)
Solution Water Soluble 2,4-D 0-days 60-days 48 hours
Londax® Bensulfuron-methyl 7-days static 80-days 24 hours
Butte® Benzobicyclon + 20-days 82-days 12-hours
Halosulfuron
Shark® Carfentrazone-ethyl 5-days static 60-days 12-hours
30-days release:
less close system
Cerano® MEG Clomazone 14-days 120-days 12-hours
Clincher® CA Cyhalofop-butyl 0-day 60-days 12-hours
Loyant® CA Florpyrauxifen- 0 60-days 12-hours
benzyl
Sandea®, Sempra® Halosulfuron- 0-days 69-days 12-hours
methyl
Strada® Orthosulfamuron 0-days 90-days 12-hours
Granite® SC & GR Penoxsulam 0-days 60-days 12-hours
Stam® 80 EDF Propanil 7-days: Less 60 days 24-hours
SuperWham!® closed system
Abolish® 8EC Thiobencarb See appendix 1 See appendix 1 7-days
Bolero® UltraMax
League® MVP
Grandstand® CA Triclopyr TEA 20-days: less 60-days 48-hours
closed system
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or contact herbicides. Foliar herbicides require
good coverage on the weed, thus if used early in
the season when weeds are small, the field must
be drained. Rapid reflooding for weed suppres-
sion and to prevent a new flush of germination
is also necessary. This will be next to impossible
on fields that take several days to flood or where
water is insufficient to reflood rapidly. Adequate
canals, drains, and water control structures are
necessary to provide for efficiently regulating
the flow of irrigation water. Where irrigation
structures or water availability do not allow for
rapid drainage and reflooding, it may be nec-
essary to reduce field size. Large fields may
be made smaller, or each basin managed inde-
pendently with separate inflows and outflows to
achieve the necessary water precision to opti-
mize foliar herbicides. Land leveling, grading,
and efficient irrigation management are equally
important to meet state man- dated water hold-
ing regulations (Table 2) following herbicide
applications. Inefficient irrigation may allow
too much water in the lower end of a field with
no recourse but to hold deep water.

Rotation

Not all rice soils can be rotated to other crops.
However, rotation out of rice can greatly reduce
weed populations in subsequent rice crops. Ro-
tating to crops for which effective weed controls
are available, such as tomato, safflower, cereal
crops, or sunflower, is one of the best ways to
manage weeds that cannot be selectively con-
trolled with herbicides and cultural practices in
rice. Non-flooded conditions, seedbank decay
and alternative herbicides in the rotation crop
all contribute to reducing future weed infes-
tations. In fields where perennial weeds with
tubers, rhizomes, or large rootstocks such as
cattail, pondweed, Gregg’s arrow-head, and
bulrush, a dry fallow rotation out of rice may
be necessary. Plowing the rice field to a depth of
8 to 12 inches (20 to 30 cm) during the fallow

season can add to these benefits. In rice-only
soils, a rice-rice rotation of the cultural method
such as flooding one year and dry seeding or
stale seedbed techniques the next, coupled with
non- selective preplant herbicides, may help in
controlling weed species resistant to normally
used rice herbicides.

The Herbicides

When Londax dominated the California mar-
ket for weed control in water-seeded rice in the
early 1990s, there was relatively little interest
in new products. With the onset of widespread
weed resistance, many old and new products
have entered, or are about to enter the market
(Table 3).

While all the new products hold promise for im-
proving weed management in rice, they add to
the puzzle of information needed to use them
safely and efficiently. For example, if a foliar
applied herbicide is translocated in the plant, it
may not be necessary to completely drain the
field to provide enough foliage above the wa-
ter; but in combination with a foliar herbicide
that does not translocate (contact), weed con-
trol could be greatly compromised by not hav-
ing the field completely drained to fully expose
the weeds. If the field is completely drained, of
course, there is the very real possibility for a
new flush of weeds such as sprangletop. Thus,
it is extremely important to know the behav-
ior of each herbicide in the plant and the en-
vironment. Most of the California rice herbi-
cides are somewhat limited in the spectrum of
weeds controlled, requiring the proper selection
either alone, in combination or in sequence to
give adequate weed control. The weed spectra
and water management regimes for the current-
ly available herbicides are shown in Figure la
and 1b. Potential weed control given in the ta-
bles is based on both company and UC Davis
research and represents the control that could
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Table 3. The common and trade names of current herbicides for rice in California.

Common Trade Names
Bensulfuron Londax
Benzobicyclon + halosulfuron Butte

Bispyribac Regiment
Carfentrazone Shark

Clomazone Cerano

Cyhalofop Clincher
Florpyrauxifen Loyant
Halosulfuron Sempra, Sandea
Orthosulfamuron Strada
Pendimethalin Prowl

Penoxsulam Granite

Propanil Stam, SuperWham!
Thiobencarb Abolish, Bolero
Thiobencarb + imazosulfuron League MVP
Triclopyr Grandstand

be consistently expected of a particular product,
assuming that the weed species are not resistant.
Different uses of the same product, application
timing, field management and environmental
conditions (weather) may all increase or de-
crease control. For example, SuperWham or
Stam (propanil) work better at or above 75° F
and with eight or more hours of sunlight follow-
ing application. Light is required because pro-
panil blocks photosynthesis. Shark into-the-wa-
ter may control a broader range of species than
indicated in Figure 1 if used as a foliar applied
herbicide, but higher rates are required. For
best control, carefully read and follow the label
which will state the rates, adjuvants, combina-
tions and other requirements of the product. By
mixing and matching the herbicides in Figure
1 a complete spectrum of weed control may
be possible. However, in addition to the weed
spectrum, it is important to know how the herbi-
cide is taken up by the weed, if it is translocated
in the plant, the range of application timings for

weed control and crop safety, if the herbicide
has residual activity, whether or not the weeds
are resistant and if tank mixes or sequences are
antagonistic.

Herbicide Combinations

Tank mixtures may be used when two or more
herbicides are compatible. This requires that not
only must they be chemically compatible, but
best management practices for their application
such as timing and water depth are the same.
Tank mix combinations can reduce the cost of
application and often reduce the rates of one or
more herbicides. The purpose of combinations
is to broaden the spectrum of weed control such
that each herbicide in the mix will control the
weeds missed by its partner (Figure 2). Even
though some herbicides complement each oth-
er in timing and weed spectrum, they cannot be
mixed because of antagonism. Antagonism can
be manifested in either injury to rice or as a lack
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of weed control—that is one herbicide increas-
ing the injury to rice by the other or reducing
the normal effect of the other on weed suscepti-
bility. It is important to follow the label of each
herbicide with regard to tank mixes.

Herbicide sequences

To achieve good broad-spectrum weed control,
most herbicides must be used in sequence rath-
er than as tank mixes. This is because of dif-
ferences in the behavior of the herbicides with
respect to timing, water management, antago-
nism, translocation and other factors. Probably
the most important aspect of these sequences is
to protect against the buildup of weed resistance
by using different modes of action. For exam-
ple, a sequence of Clincher followed by propa-
nil will take out any remaining watergrass with
resistance to Clincher. Figures 3, 4 and 5 show
the weed susceptibility of herbicide sequences
with Regiment, Cerano and Clincher, respec-
tively. Unlike herbicide tank mixes, sequenc-
es can be complicated by the need to raise and
lower water depths to meet the requirements of
each herbicide in the sequence. Water manage-
ment requirements for the different herbicide
sequences are also shown in Figures 3, 4 and 5.

Behavior of Herbicides

Table 4 provides additional information on the
behavior of current and future herbicides re-
spectively.

Table 4. Behavior of currently used herbicides(l-
sr =rice leaf stage; mt = mid-tillering; ** = both
foliar & soil activity)

1. Foliar Activity. Herbicides that must be di-
rectly sprayed on the plant to be effective
are said to be foliar active and often require
fields to be drained before they are applied
so the weeds are adequately exposed to the

spray.

2. Applied in Water. Herbicides that are for-
mulated as granules (e.g., Bolero Ultramax)
are active through the soil and do not require
field draining. Herbicides marked with an
asterisk (*) are formulated as a spray for fo-
liar contact but are also adsorbed to the soil
when sprayed into the water so that plants
take them up through the roots as well.

3. Translocation Index. The translocation in-
dex provides a measure of how much the
herbicide moves within the plant: numbers
above 7 indicate highly mobile, numbers
below 4 mean little movement. This index
is important for water management when
applying an herbicide. For example, if a fo-
liar-applied herbicide is translocated in the
plant, it may not be necessary to completely
drain the field. If it is used in combination
with a foliar herbicide that does not translo-
cate (i.e., a contact herbicide), weed control
would be compromised by not having the
field drained fully to expose the weeds.

4. Timing Window. Application timing is im-

portant to minimize rice injury and optimize
weed control. Timing is stated in relation to
the rice crop development: Isr=leaf stage of
rice and mt = mid-tillering. Because sever-
al herbicides also work best when timed to
the weed’s stage of development, the timing
window may be further reduced.

5. Residual Activity. Residual activity is the
length of time that the herbicide remains ac-
tive in the soil and is generally determined
by the amount and strength of soil adsorp-
tion and by the rate of degradation of the
herbicide. Residual activity is important in
herbicides that are applied early in the sea-
son because it helps to prevent reinfestation
by subsequent germination of a new flush
of weeds before the rice canopy is large
enough to shade them out.

6. Mode of Action. Weeds are resistant to the
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mode of action that kills them, not to the
herbicide per se; consequently, once the
weeds become resistant to a particular mode
of action, all other herbicides with similar
modes of action will likely fail to control
the weed. To distinguish between herbicide
modes of action, group numbers, assigned
by the Weed Science Society of America
(WSSA), are listed. Weeds with the same
group number have the same mode of ac-
tion. Although weeds may exhibit multiple
resistance (resistance across many groups),
mode-of-action numbers are useful in plan-
ning mixtures or sequences of herbicides.
For more information, see http://wssa.net

7. Weed Resistance. In fields where herbicide
resistance has been identified, it is critically
important to implement the herbicide resis-
tance management strategies outlined be-
low.

8. No resistance has been confirmed for ben-
zobicyclon, but there is resistance to halo-
sulfuron.

Foliar or Soil Activity

Most of the newer herbicides are active only
as foliar sprays. However, Abolish, Bolero,
Cerano, Butte, Granite, and Londax have soil
activity. Generally, when the product is for-
mulated and used as a granule such as Bolero,
Butte or Granite, the activity is through the soil.
Abolish, which is the same active ingredient as
Bolero, is also active through the soil, but the
product is designed as a spray which improves
foliar uptake for pinpoint flood management.
Like Abolish, Londax is also soil active when
sprayed into the water. Generally, rates can be
lower when used as a foliar spray than when ap-
plied into the water, but each chemical varies
so the manufacturer’s label should be followed.
Products that are effective when applied into the
water are weakly adsorbed and concentrated by

the soil from where they are released and taken
in through the plant roots. Field drainage to ex-
pose the weeds is very important for most foli-
ar-only herbicides.

Contact or Translocated

Another important factor affecting the proper
use of herbicides is whether or not they move
in the plant. Two herbicides may be foliar ac-
tive but are used quite differently with respect
to field management. Translocated herbicides,
such as Grandstand and Loyant move from the
site of uptake to other parts of the weed to kill
the growing point. Contact herbicides move
very little from the point of impact, and kill
only that part of the plant covered by the spray.
Shark, SuperWham or Stam (propanil) hardly
move at all, whereas Clincher and Regiment
move small distances. Cerano moves, but only
upward in the translocation stream, so it will not
move down from a foliar application. The trans-
location indices given in Table 4 are indicators
of the relative movement of rice herbicides in
the plant. Numbers above seven mean that the
herbicide is highly mobile and below four gen-
erally means little movement. Matching water
management to the translocation characteristics
of the herbicide is extremely important to the
success of the application. For example, the la-
bels for Grandstand and Loyant, a translocated
herbicide, specifies that only 70% of the foliage
need be exposed, whereas some contact-only
herbicides may require complete drainage.

Window of Application

Herbicides vary widely in their ability to kill
weeds of different sizes and in their safety to
rice at different stages of growth. The applica-
tion timing on the product label is given to min-
imize rice injury and optimize weed control and
is the “application window.” Abolish and Bolero
(thiobencarb) and Cerano have the smallest ap-
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Table 4. Behavior of currently used herbicides(Isr = rice leaf stage; mt = mid-tillering; ** = both foliar & soil activity)

Herbicide Foliar Applied | Translocation | Timing Residual | Mode of | Weed
activity ! | in water 2 | index 3 window * (days) 3 action ® | resistance’
Bensulfuron Yes Yes * 4 0-5 Isr 35-40 2 Yes
(Londax)
Benzobicyclon/ Yes Yes 4 0-5 Isr 30 27/2 see
Halosulfuron comment 8
(Butte)
Bispyribac Yes No 4 5 Isr-mt 0 2 Yes
(Regiment)
Carfentrazone Yes Yes * 2 4 Isr-mt 5-8 14 No
(Shark)
Clomazone No Yes 6 0-1 Isr 5 (water) | 13 Limited
(Cerano)
Cyhalofop-butyl | Yes No 4 2 lsr-mt 0 1 Yes
(Clincher)
Florpyrauxifen Yes No 8 2 Isr to 60 0 4 No
(Loyant) days before
harvest
Halosulfuron Yes Yes * 4 0-5 Isr 30 2 Yes
(Sandea)
Orthosulfamuron | Yes Yes * 4 24 Isr 12-24 2 Yes
(Strada)
Pendimethalin No No 0 soil 5 (water) | 3 No
(Prowl) cracking 20 (dry
soil)
Penoxsulam Yes Yes 4 2 lsr-mt 0 2 Yes
(Granite)
Propanil Yes No 3 3 Isr—mt 0 7 Yes
(Stam,
SuperWham)
Thiobencarb Yes Yes * 3 1-2 Isr 20-25 8 Yes
(Abolish)
Thiobencarb No Yes 3 1-2 Isr 20-25 8 Yes
(Bolero)
Thiobencarb/ No Yes 3 1-2 Isr 20-25 8/2 Yes
imazosulfuron
(League MVP)
Triclopyr Yes No 8 5 Isr-mt 0 4 No
(Grandstand)

1 Foliar Activity. Herbicides that must be directly sprayed on the plant to be effective are said to be foliar active and often require fields to be
drained before they are applied so the weeds are adequately exposed to the spray.

2 Applied in Water. Herbicides that are formulated as granules (e.g., Bolero Ultramax) are active through the soil and do not require field draining.
Herbicides marked with an asterisk (*) are formulated as a spray for foliar contact but are also adsorbed to the soil when sprayed into the water so
that plants take them up through the roots as well.

3 Translocation Index. The translocation index provides a measure of how much the herbicide moves within the plant: numbers above 7 indicate
highly mobile, numbers below 4 mean little movement. This index is important for water management when applying an herbicide. For example, if
a foliar-applied herbicide is translocated in the plant, it may not be necessary to completely drain the field. If it is used in combination with a foliar
herbicide that does not translocate (i.e., a contact herbicide), weed control would be compromised by not having the field drained fully to expose

the weeds.
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4 Timing Window. Application timing is important to minimize rice injury and optimize weed control. Timing is stated in relation to the rice crop
development: Isr=leaf stage of rice and mt = mid-tillering. Because several herbicides also work best when timed to the weed’s stage of develop-

ment, the timing window may be further reduced.

5 Residual Activity. Residual activity is the length of time that the herbicide remains active in the soil and is generally determined by the amount
and strength of soil adsorption and by the rate of degradation of the herbicide. Residual activity is important in herbicides that are applied early
in the season because it helps to prevent reinfestation by subsequent germination of a new flush of weeds before the rice canopy is large enough to

shade them out.

6 Mode of Action. Weeds are resistant to the mode of action that kills them, not to the herbicide per se; consequently, once the weeds become
resistant to a particular mode of action, all other herbicides with similar modes of action will likely fail to control the weed. To distinguish between
herbicide modes of action, group numbers, assigned by the Weed Science Society of America (WSSA), are listed. Weeds with the same group
number have the same mode of action. Although weeds may exhibit multiple resistance (resistance across many groups), mode-of-action numbers
are useful in planning mixtures or sequences of herbicides. For more information, see http://wssa.net

7 Weed Resistance. In fields where herbicide resistance has been identified, it is critically important to implement the herbicide resistance manage-

ment strategies outlined below.

8 No resistance has been confirmed for benzobicyclon, but there is resistance to halosulfuron.

plication windows. Abolish and Bolero require
rice to be at least 1 2 leaf but watergrass not
greater than two leaf. Cerano also has a narrow
window of application from just before planting
to the 1 leaf stage of rice but watergrass must
be less than 1 2 leaf for most effective control.
Many of the new herbicides have relatively
broad windows of application timing both with
respect to crop safety and weed control. Some,
like Whip, require rice to be in early tillering be-
fore the crop is safe. Regardless of the window,
it is important to remove weeds before compe-
tition reduces yield. Most research shows that
the onset of weed competition is about twenty
days after seeding, depending on the severity
of the weed pressure and rate of growth. Com-
petition notwithstanding, the new herbicides
offer the opportunity to remove weeds where
applications have been delayed by weather or
to cleanup where weeds have been missed by
earlier applications.

Residual Activity

Residual activity is an important attribute in
preventing re-infestation by subsequent ger-
mination of a new flush of weeds. Residual
activity is generally determined by the amount
and strength of soil adsorption and by the rate
of degradation of the herbicide in the environ-
ment. Carfentrazone, for example, has a half-

9.10

life of only about five days and hence a short
residual activity, whereas Londax residual is 35
days. Residual activity is much more important
for early applications before the rice canopy is
capable of shading out weeds. Mixing a resid-
ual herbicide with early applications of foliar
herbicides such as propanil can sustain control
long enough for the rice canopy to cover. It is,
however, a double-edged sword in that selec-
tion pressure for weed resistance continues as
long as the herbicide remains active in the soil.

Mechanisms of Action

It is essential to know which herbicides have
similar mechanisms of action because weeds
are resistant to the mechanism that kills them,
not to the herbicide per se. Once the weeds be-
come resistant to a herbicide with a particular
mechanism of action, all other herbicides with
a similar mechanism of action will likely fail to
control the weed. Table 5 shows the current rice
herbicides grouped by mechanism of action.
Thus, it would not be a good idea to use Granite
where resistance to Regiment has been docu-
mented. To prevent the further buildup of resis-
tant weed seed banks, herbicides with different
mechanisms of action should be rotated or used
in sequence or combination to prevent resistant
species from setting seed.
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Table 5. Herbicides mechanism of action

Group Active Ingredient Mechanism of Action

Thiocarbamates thiobencarb (Abolish, Bolero) VLCFA (Very long chain
fatty acids)

Aryloxyphenoxy- cyhalofop-butyl (Clincher) ACCase inhibitors

propionates

Amide propanil (SuperWham, Stam) Photosystem II inhibitor

Sulfonylurea bensulfuron (Londax) ALS inhibitor

halosulfuron (Sempra)
Orthosulfamuron (Strada)
Imazosulfuron (component of League)

Phrimidinyl- bispyribac (Regiment) ALS inhibitor
thiobenzoates

Triazolopyrimidines |penoxsulam (Granite) ALS inhibitor
Dinitroaniline pendimethalin (Prowl]) Tublin inhibitor (mitosis.)
Isoxazolidinone clomazone (Command) Carotenoid biosynthesis
Pyridine-carboxylates| florpyrauxifen-benzyl (Loyant) PPO inhibitor
Pyridyloxy- triclopyr (Grandstand) Synthetic Auxin
carboxylates

Unclassified benzobicyclon (Butte) HPPD inhibitor

9.11
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Abolish

(Pin-point Flood)

:

prefloed  germination tiller initiation tillering  panicle initiation flowering

Emrg. shoot, I If.  Yes
Appl’d in water No

Application timing-T—T

1.0 to 3.0 Isr (4 1b ai/ac)

Translocated Little
Timing 1-3 Isr
Resistance Yes
Bolero

(Permanent Flood)

Emerg. shoot Yes
Appl’d in water Yes
Translocated Little
Timing 1-2 Isr
Resistance Yes

wu
1.0 to 2.0 Isr (4 1b ai/ac)

Clincher

(Pin-point Flood)

preflood  germination tiller initiation tillering  panicle initiation  flowering

Foliar Yes
Appl’d in water No
Translocated Yes
Timing 2 Isr-midtil
Resistance Yes

Application timing T_T

2.0 Isr to til (0.25 to 0.31 Ib ai/ac)

9.13

Bolero
(Leathers’ Method)

ik | .
prefoca  germinaty tiTler initiation  tilering  pantcls wnitiation  flowering
Emerg. shoot Yes Application timingT—T
Appl’d in water Yes
Translocated Little 2.01Isr (4.0 1b ai/ac)
Timing 2 Isr
Resistance Yes

Cerano
(Permanent Flood)

preflosd  germination tiller initiation  tillering  panicle initiation  flowering

Roots, emerg. Shoots Yes
Appl’d in water Yes

Translocated Yes
Timing preseed-lsr
Resistance Yes

Application timing T—T

Preseed to 1.0 Isr (0.6 Ib ai/ac)

Clincher

(Leathers” Method)

3

preflosd  germination tiller initiation tillering panicle initiation flowering

Foliar Yes Application timingT—T
Appl’d in water No

Translocated Yes 2.0 Isr (0.25 1b ai/ac)
Timing 2 Isr

Resistance Yes
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Londax, Sandea

(Permanent Flood)

Grandstand

(Pin-point Flood)

preflocd  germination

tiller initiation  tillering  panicle initiation  flowering

preflood

germination tiller initiation tillering panicle initiation flowering

A]'t't"»u
Application nmmg-u pplication timing.

Foliar Yes Foliar and roots Yes

Appl’d in water No 1.0 til to maxtil (025 to 0.375 Ib ai/ac Appl’d in water Yes 1.0 to 3.0 Isr (0.06 Ib ai/ac)
Translocated Yes Translocated Yes, moderate

Timing 1 till-maxtil Timing 0-5 Isr

Resistance No Resistance Yes

Granite GR

(Continuous Flood)

Londax, Sandea

(Pin-point Flood)

preflood  germination

iation  tillering panicle initiation  flowering

preflood  germination

tiller initiation  tillering  panicle initiation  flowering

JRE— t 1 Foliar and roots Yes &wu
Foliar and roots Yes EE— Appl’d in water Yes 23 Isr (0.04 Ib ai/ac)
Appl’d in water Yes 3.0 Isr to 1-2 til (0.06 Ib ai/ac) Translocated Yes, moderate
Translocated Yes, moderate Timing 2-3 1sr
Timing 0-51sr Resistance Yes
Resistance Yes
Granite SC Regi
(Pin-point Flood) egiment
(Pin-point Flood)

preflood

germination tiller initiation tillering panicle initiation flowering preflood  germination

9.14

Fohar an d roots Yes Application timing u ioh?fdand ro(t)ts ;es Application timing u
Appl’d in water No 2 Isr to 1-2 til (0.035 Ib ai/ac) ppt € 1n watet © 1.0 til to midtil (15 g ai/ac) (18 g ai/ac*)
Translocated Yes, moderate
Translocated Yes, moderate . .
.. . Timing 5 Isr-1til
Timing 2lsrto 1 Till .
. Resistance Yes
Resistance Yes

* For resistant late watergrass
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Shark

(DD.A/DS.A) propanil
(Permanent Flood) (Pin-point Flood)

preflosd  germination tiller initiation  tillering panicle initiation  flowering

preflosd  germination tiller initiation  tillering  panicle initiation  flowering

Foliar Yes Application timingT_T Foliar Yes
Appl’d in water Yes Appl’d in water No
Translocated No 2.0t03.01sr (0.20 Ib ai/ac) Translocated No
Timing 2-3 Isr Timing 3 Isr-midtil
Resistance No Resistance No

Butte

(Permanent Flood)

Loyant

Application timing T_T

3.0 Isr to midtil (3 to 6 Ib ai/ac)

.—

F_'

Application timing T_T
2.0 Isr to 60 days before
harvest (0.035 1b ai/ac)

FoliarAppl’d Yes
Roots, emerg. Shoots Yes Dav of seedine 0 2 in water No
Appl’d in water Yes ay ot seeding to Translocated Yes
Translocated Yes to 9 1b product), at | Timi
Timin reseed-lst inches water depth mg 2 Isr

ung p Resistance N
Resistance No o
Prowl

(Dry-seeded)

preflocd  germination tiller initiation  tillering  panicle initiation  flowering

FOliar NO Application timingT_T
Appl’d in water No

Translocated No DPRE (1 1b ai/ac)
Timing Delayed PRE

or 2-3 Isr (as PRE)

Resistance No

9.15
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Figure 1b. Major herbicide-based weed control systems for rice in California
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Drill-seeded (field is initially dry and then is gradually
flooded deeper)

Delayed PRE after
establishment Early Post emergent Post permanent
flush, rice fully (2-4 Isr) flood
Seed imbibed

(Day 1)

5 e

N7
=

i i Flood
Day 3 Day © Day 21 i -

1 ) )

5 Permanent

Flush irrigation
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Figure 1b (continued). Major herbicide-based weed control systems for rice in California.

Stale seedbed control of multiple-herbicide-resistant late watergrass (“mimic”)
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Figure 2. Weed susceptibility, application timing and water management regimes for tank-mixed herbicides in California rice
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gtaprgrc\;vrham + |+ | =+ |+|+|=|+|+|+| 4+ Control
= No Control
s £ Suppresion
Abolish 2RI L= == =|=|=| R Resistant
Propanil + Abolish
(Pin-Point Flood)
2-3 1Isr (3 1b ai/ac + 3.0 Ib ai/ac)
2
& g S ‘0606
66 N N 04\
&£ ¢ & ¢ $°
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R/R 4 Suppresion
Shark HERERE JE JE JEEE I B - R Resistant
- +/|+ N N R T R
Whip Rl 7R .
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Figure 2. (continued) Weed susceptibility, application timing and water management regimes for tank-mixed herbicides in California rice

Regiment + Abolish

(Pin-Point Flood)

_D_

Synergistic mixture intended only for 5-6 Isr (10-15 g ai/ac + 2.0-3.0 1b ai/ac)
late water grass

Can also be effective on smallflower and bulrush

Regiment + Shark
(Pin-Point Flood)

—_|_'—

Broad-spectrum 4-5 1sr (12-15 g ai/ac + 0.20 Ib ai/ac)
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Figure 3. Weed susceptibility, application timing and water management regimes for herbicide sequences with Regiment.
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s FF 58T 5§ & F
Bolero + R +R + |+ | - - - - - - + control
- no control
Followed by )
+ suppression
i + + + + .
Regiment R Rl - - Rl Rl - - - + R resistant

Bolero fb. Regiment

(Permanent Flood)

*

1.0 t0 2.0 Isr (4.0 1b ai/ac)
Fb.
1-3 til (15 g ai/ac)

Application timing u

X
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R| R Rl R - no control
Followed by + suppression
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Superwham
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Figure 4. Weed susceptibility, application timing and water management regimes for herbicide sequences with Cerano in California rice.

o
] :E-‘q 23 o §
{? o Q Ny g b £ o
S & 5 & §F F 58 5
@ 5 S £ L2 £ L F s &
e & 5§ 5 £ & & & F g

> S @ @ 3 <] o

g &£ & & & & ¢ § & €

Cerano -+ + + - - - - - - -

R* A
Followed by:
+ + + +
Londax ol e R A A - |+ R| -
Regiment + R % - % + |+ 2| - + _ +
Shark - - - + + + - + +
Stam or + + _ |+ + + - + + +
Superwham R R - - - -
Grandstand - - - - + - - - -+ -
Cerano fb. Londax Cerano fb. Regiment
(Permanent Flood) (Permanent Flood)
g S . { T o
Application timing T—T Application timing u
Preseed to 1.0 Isr (0.6 1b ai/ac) Preseed to 1.0 Isr (0.6 1b ai/ac)
Eb. Fb.

2-3 Isr (0.06 1b ai/ac) 2-3 Tiller (15 g ai/ac)
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Cerano fb. propanil Cerano fb. Shark

(Permanent Flood) (Permanent Flood)

WF

Application timing-

Application timing u

Preseed to 1.0 Isr (0.6 Ib ai/ac)

Fb. Preseed to 1.0 Isr (0.6 1b ai/ac)
1-3 til (6 Ib ai/ac) FEb.

2-3 Isr (0.2 1b ai/ac)

_erano fb. propanil + Grandstand

ﬁ_q_

Application timing- T—T

Preseed to 1.0 Isr (0.6 1b ai/ac)
Fb.
1-3 til (6.0 1b ai/ac + 0.25 Ib ai/ac )
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Figure 5. Weed susceptibility, application timing and water management regimes for herbicide sequences with Clincher in California rice.
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Clincher R R +R - - - - - - -
Followed by:
Londax - - - + R + R + R - -+ + R -
Regiment + R + Rl - iR + R + RI - T - +
Stam or
Superwham + + - + R +R T - T T T
Shark - - - + + + - + +
+ control - no control R resistant + suppression

Clincher fb. Londax Clincher fb. Regiment

(Pin-point Flood) (Pin-point Flood)

_EF_GF

Application timing T—T Application timing T—T
3.0 t0 6.0 Isr (0.25-0.28 Ib ai/ac) 3.0 to 6.0 Isr (0.25-0.28 Ib ai/ac)
Fb. Fb.
2-3 til (0.06 Ib ai/ac) 2-3 til (15 g ai/ac)
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propanil fb. Clincher

(Pin-point Flood)

_EE_

Application timing T—T
5-6 til (6.0 1b ai/ac)
Fb.

1 to 3 til (0.28 1b ai/ac)

Clincher fb. propanil

(Pin-point Flood)

_EF

Application timing T_T
3.0 to 6.0 Isr (0.25-0.28 Ib ai/ac)
Fb.
2-3 til (6.0 1b ai/ac)

Shark fb. Clincher

(Pin-point Flood)

?

Application timing T_T
2-3 Isr (0.2 b ai/ac)
Fb.

1 to 3 til (0.28 1b ai/ac)
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Figure 6. Weed susceptibility, application timing and water management regimes for herbicide sequences with Granite. In the case of watergrass,
resistance is strongest with late watergrass (“mimic”); resistance to ALS inhibitors may or may not involve all herbicides in that group.

T
= o
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S ¢ & £ 5 & & 5 £
§ § 8 & F s F 55
=] ar S o @
> 5 Iy = o > = & 3
<& =2 & T & i 5 o 13 S
S & & 5§ & & & § & =&
Granite -+ + R - +R% =+ - -+ -+ -
Followed by
Stam or + +
+ + - + - + + +
Superwham R Rl = - - -
+ control
= no control

* suppression
R resistant, poor control

Granite (GR) fb Propanil

(Permanent Flood)

Granite (SC) fb Propanil

(Pin-point Flood)

Application timing-u
*If the WG population is already
widely R to Granite, this sequence
will not protect propanil

2.5 Isr (0.04 1b ai/ac)
Fb.

1-3 til (6 Ib ai/ac)
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Application liming:[_l
» Will not control sprangletop
 But Granite can be mixed with Clincher

3.0 t0 4.0 Isr (0.031 1b ai/ac
Fb.

2-3 il (6 Ib ai/ac)




HERBICIDE RESISTANCE STEWARDSHIPINRICE University of California

Cooperative Extension

June 2018

What is Weed Resistance?
Stages of Herbicide Resistance Evolutionary

= The ability of a weed biotype to survive treatment with a ProcessyYear 1

given herbicide to which the weed species is normally

susceptible

* Herbicide-resistant biotypes are present within a Elimination
weed species’ population as a part of normal genetic of the most
variation sensitive

» Repeated use of the same herbicide or mode of action genotype

(MOA) will select for herbicide-resistant biotypes

= |n California, we have two types of herbicide
resistance: 1) Target-Site resistance and 2) Non-
Target Site resistance

= Certain weed biotypes can be simultaneously resistant After applications The only survivors, if
to herbicides that differ chemically and in their MOA the application is done

= Weeds that are not on the label will tolerate the correctly, will be the
herbicide, but are not resistant biotypes resistant plants which will

grow and set seed.
Symptoms of Weed Resistance in the Field

Resistance needs to be ultimately confirmed by a Year 2 Now there are more
specific test. Failure to control weeds can occur due resistant individuals

to factors such as faulty spraying, incorrect dose or in the population.
timing, weeds too large, subsequent weed germination Application of the same
after treatment, very large infestations, poor coverage, herbicide or products
and other factors. The presence of resistance in the with the same MOA
field is characterized by the following: will increase these

individuals even more.
» There are healthy looking plants alongside dead Individuals ev

plants of the same species after treatment

»= One susceptible species is poorly controlled, while After applications
other adjacent susceptible species are well controlled

= The species was previously well controlled by the The remaining
same herbicide and rate but a gradual decline in resistant population
control has been noticed over time will then set seed.

= The same herbicide (or herbicides with the same
MOA) has been used repeatedly on the same site

= Discrete patches of the target weed persistently Year 3
survive treatment with a given herbicide(s)

» Resistance in the same weed species and herbicide
occurs in neighboring field

Eventually, the
population becomes
mostly resistant

What Factors Favor the Evolution of Resistance?

» Excessive reliance on chemical control and repeated

sequential use of the same MOA individuals.
= A monoculture of continuous rice production
= Weeds that that have annual growth habit and After applications
produce lots of seeds with little dormancy
» A herbicide that has high efficacy on a specificwee
species
= A herbicide with prolonged residual activity At this point the
herbicide is no longer
effective.

Endorsed by the California Rice Commission
and the California Rice Research Board




Weed ldentification Pictures

Grasses
Barnyardgrass & Watergrass

Barnyardgrass and watergrass can easily be distinguished by
the absence of a ligule around the collar region, or the region
where the leaf blade encloses the stem, as compared to the
presence of a membranous ligule with rice.

Left: Barnyardgrass and watergrass - no ligule
Right: Rice - membranous ligule present
Barnyardgrass
(Echinochola crus-galli)

Seedling Tillering plant Seedhead
Early Watergrass Late Watergrass
(E. oryzoides) (E. phyllopogon)
Seedhead Seedhead
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Bearded Sprangletop
(Leptochloa fusca ssp. fascicularis)

Ligule Seedling Tillering Flowering structures

Sedges
Ricefield Bulrush

(Schoenoplectus mucronatus)

Seedling: Side-view Seedling: Above-view Flowering

Smallflower Umbrella Sedge
(Cyperus difformis)

Seedling 3-4 leaf stage Flowering Sedge Close-up: flowering structures
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Broadleaveves
California and Gregg’s Arrowheads
California and Gregg’s arrowheads have similar seedling as

shown to the left. They can not be distinguished until they
have put on their first true leaf.

California Arrowhead Gregg’s Arrowhead
(Sagittaria montevidensis) (S. longiloba)

Leaf Flowering Plant Leaf Flowering Plant
Redstem

(Ammannia species)

Emerging seedling Seedling
Flowering redstem Flowering structures
Waterhyssop
(Bacopa rotundifolia)
Seedling Mature Plants Flowering Plant
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Ducksalad
(Heteranthera limosa)

Emerging seedling Matw;e pémﬁs in flower. The flowers — Ducksalad infestation
may also be blue.

Common Waterplantain
(Alisma plantago-aquatic)

Seedling

Monochoria
(Monochoria vaginalis)
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James Eckert, University of California, Department of Plant Science, Davis, CA
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Appendix 1.

(a)- South Sacramento & San Joaquin Valley defined as: South of the line by Roads E10 and 116 in Yolo County and the American
River in Sacramento County

(b) Volunteer hold.
9.37







VERTEBRATES

Rice fields provide excellent habitat for some
bird and rodent species. The Norway rat is prob-
ably the most serious vertebrate pest of rice,
feeding on newly planted seed, seedlings, or
ripening grain. Muskrats burrow in rice levees,
damaging drainage systems and irrigation struc-
tures. Waterfowl and blackbirds may also cause
yield losses in some localized areas.

The most successful vertebrate pest manage-
ment program is one that manages pest popula-
tions at levels at which significant damage never
occurs. This requires knowledge of the biology
and behavior of the potential pests and regular
monitoring for them in and around fields. His-
torical records of pest population levels, control
measures implemented, economics of control
procedures and the success of methods used,
can be used to help determine the best manage-
ment approach.

Consideration also should be given to the pres-
ence of non-pest species and the potential risks
of a control method. The methods and materials
available for vertebrate control are constantly
changing. Check with your County Agricultural
Commissioner on laws and regulations concern-
ing the status of wildlife species and the meth-
ods and materials available to control them.

Waterfowl

Annually, large numbers of waterfowl (ducks,
geese, coots) migrate along the Pacific flyway
to and from their northern breeding grounds and
may spend from a few weeks to months in fall
and winter in California’s Central Valley. Flood-
ed rice fields provide an ideal habitat for water-
fowl and have an important role in the conser-
vation of these birds (fig. 1). Because most rice
in California is harvested prior to the arrival of
migrating waterfowl and planted after their de-
parture, damage to rice is usually kept to a min-
imum. Most problems occur where waterfowl
become ‘resident’. Ducks and geese cause the

10.1

Figure 1. Large numbers of waterfowl migrate along the Pacific flyway
and spend time in California rice-growing region.

most serious losses in rice by feeding on matur-
ing grain and sometimes causing lodging. Coots
may sometimes damage newly planted fields.

Management guidelines

All species of waterfowl are migratory game
birds that are protected by federal and state
laws. Waterfowl cannot be lethally controlled
without a depredation permit. Damage can usu-
ally be alleviated using frightening (hazing)
techniques. Propane cannons (fig. 2), electronic

Figure 2. Air cannon used for frightening waterfowl.

noise makers, pyrotechnics, Mylar tape and oth-
er sound and visual scare devices may be used
to frighten waterfowl from areas where they are
causing damage. Waterfowl may habituate to
these techniques so they might only have short-
term effectiveness. Persistence in applying the
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methods and alternating frightening devices are
important in achieving success.

Figure 3. Electronic noise maker.

Blackbirds

Blackbirds may damage ripening rice, especial-
ly during the milk and dough stages (fig. 4, 5).
Losses may be quite high in some fields that are
close to important roosting areas.

Figure 4. Redwing blackbird.

Figure 5. Damage to rice panicle caused by blackbirds.

10.2

Management guidelines

Frightening techniques are most commonly
used to manage blackbirds. Unfortunately, these
techniques are even less effective for blackbirds
than waterfowl. To be effective, you must insti-
gate these controls as soon as birds appear in
the field. A permit is not needed to lethally re-
move blackbirds that are causing or threatening
to damage rice crops. To date, repellents have
not proven to be effective in reducing blackbird
damage to rice in California.

Norway rats

The Norway rat (Rattus norvegicus) is respon-
sible for most rat damage in rice fields (fig. 6).
Rat damage to growing rice is usually most se-
rious shortly after planting when the water is
temporarily lowered for seed germination and
stand establishment. This can be especially se-
vere where fields are not leveled and high spots
are exposed to air. The rats pull up the sprout-
ing plants and eat the seeds (fig. 7). Rats may
also consume ripening grain as the cereal heads
come into the milk stage, but losses are general-
ly not as serious.

Norway rats have a bulky appearance and a tail
that is shorter than the length of their head and
body combined. Rats are mainly active at night,
but if their numbers are high, activity may be
observed during the day. They are omnivorous
and feed on a wide variety of plant and animal
materials. Norway rats dig burrows and burrow
systems are frequently found along levees be-
side rice fields (fig. 8). These burrows can also
weaken levees systems and affect irrigation.

Norway rats are prolific breeders. They are
capable of breeding year-round under optimal
conditions but most breeding is in spring and
fall. Females produce about 4 litters per year.
Average litter size is about 6, and the young are
weaned at 3 weeks and become sexually ma-
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Figure 6. Norway rat.

Figure 7. Germinating rice seeds damaged by Norway rats.

Figure 8. Norway rat burrow
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ture at 2 to 3 months of age. These reproductive
characteristics enable rat populations to rapidly
increase and become widespread in response
to onset of optimal environmental conditions.
Populations typically undergo cycles of abun-
dance. Problems are most likely to occur fol-
lowing mild winters and when food supply is
abundant.

Management guidelines

Norway rats are non-native mammals and may
be taken at any time and in any manner when
they are causing damage to crops or other prop-
erty. Where possible, non-crop habitats should
be managed year round to reduce shelter and
food supply for rats. Good weed control on
levees is essential. Ground vegetation in areas
adjacent to rice fields should be kept to a mini-
mum by grazing or mowing.

When rat populations continue to be high de-
spite habitat modification, rodenticides may be
used. Currently (2023), registered rodenticides
for Norway rat control on levees and adjacent
non-cropped areas include the acute toxicant
zinc phosphide and the anticoagulants dipha-
cinone and chlorophacinone. The rodenticide
and application method should be chosen with
regard for potential non-target hazards. Consult
your Agricultural Commissioner for specific in-
formation.

Zinc phosphide is an acute toxicant that is me-
tabolized quickly within the target animal, and
has minimal (if any) secondary poisoning risks.
However, because of its fast action, rodents
might only ingest a sublethal dose of bait be-
fore becoming sick. This may result in rodents
becoming ‘bait shy’. Consequently, it is best to
wait at least 3 months, and preferably 6 months
between applications. Zinc phosphide bait is
placed according to label instructions in active
burrows or in places frequented by rats but in-
accessible to livestock, poultry, non-target wild-
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Figure 9. Tube used to decrease non-target exposure of rodenticides.

life, pets and children (fig. 9). When possible,
prebait with clean grain several days before bait
application to determine if rats are taking the
bait and to overcome any bait shyness. Prebait-
ing is especially important where other foods
are abundant.

Anticoagulant baits act by reducing the clotting
ability of the blood. The target animal must con-
sume a number of doses of bait over a period
of several days to obtain a lethal dose. Because
a residue of the anticoagulant bait may remain
in the target animal (primarily in the liver),
predators or scavengers may also be at risk of
consuming a lethal dose of bait. Risk increas-
es where treated rat populations levels are ex-
tremely high (i.e., high availability of carcasses
containing anticoagulant) and in areas where
and at times when predator and scavenger pop-
ulations are especially abundant. Risk also in-
creases when too much bait is applied. As with
all rodenticides, follow the label carefully and
use as little bait as possible to bring the popula-
tion under control.

Anticoagulants may be applied in bait stations,
by spot application, or in paraffinized bait
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blocks. Bait stations protect bait from rain and
prevent non-target species feeding on the bait.
To achieve control, keep the stations well-sup-
plied until feeding ceases. Bait blocks made
from paraffin may be placed in areas of rat
activity. These blocks aren’t as readily accept-
ed as loose baits but are relatively waterproof
and eliminate the need for bait boxes. Replace
blocks as necessary and discard of uneaten bait
when the control program is completed.

Muskrats

Muskrats (Ondatra zibethicus) are semi-aquat-
ic rodents named for their conspicuous odor
resulting from secretions from musk glands at
the ventral base of the tail (fig. 10). They some-
times inhabit water supply canals and drainage
ditches near rice fields. Their burrowing, espe-
cially around headgates can cause breaks in le-
vees and dikes. Significant yield loss may occur
before repairs can be completed. Muskrats also
occasionally cut and eat rice plants.

Muskrats have dense fur, a long, laterally flat-
tened tail and partially webbed feet. Adults are
about 18 inches long and weigh from 1.5 to 2.5
pounds. Their native range in California was
along the Colorado River by the Arizona border
and in scattered locations on the eastern side of
the Sierra Nevada from Mono to Lassen Coun-
ty. Construction of irrigation canals in the early
1900’s enabled them to expand their range into
southern California. A high demand for musk-
rat fur during the 1920’s resulted in the release
of muskrats elsewhere. Muskrats now occupy
canals, ponds, and irrigation ditches throughout
most of California.

Muskrats are very prolific. Most females have
two or three litters per year, with an average of
about 6 or 7 kits per litter. Most births occur
in spring. The gestation period is between 25
and 30 days. The young become active and able
to swim within 14 days, and are weaned at 28
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days. Most become sexually active the spring
after their birth.

Depending on the environment and season,
muskrats construct either houses or dig burrows
into banks. Unless the population is very dense,
muskrats prefer to burrow into banks rather than
build houses. Soil type and slope of the bank
determine the permanence and complexity of a
burrow system. Burrows often begin in the wa-
ter, from 6- to 8-inches below the surface, and
penetrate the embankment on an upward slant.
Burrows are not typically found when banks are
less than 0.2 meters high, slope is less than 10
degrees, or when combined sand/gravel content
is less than 90 percent. Burrows may extend 20
feet or more into banks. Houses are usually con-
structed from the dominant emergent plants in
the area. They are built at water level with sev-
eral underwater tunnels or “leads” for entrances.

Muskrats are primarily herbivorous although
animal matter like crayfish may occasionally be
consumed. Muskrats feed on aquatic vegetation
growing in the vicinity of their dwellings. Char-
acteristic signs of muskrat feeding activity in-
clude food platforms and feeding houses. Most
activity occurs at night, with peaks at dusk and
dawn.

Management guidelines

Muskrats are classified as furbearers but can be
taken at any time when they are causing damage
to crops or other property. Management of vege-
tation to reduce muskrat food sources on levees
and on ditch banks can help minimize muskrat
problems. In some situations however, lethal
control of muskrats is necessary. Trapping can
be very effective in reducing muskrat popula-
tions and damage. Conibear traps are probably
the most effective but it is important to note that
while they can be

used to remove muskrats causing damage, they
cannot be used to trap muskrats for fur (see Fish
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and Game Code).

Anticoagulant baits (diphacinone and chloro-
phacinone) may also be used. Bait can be placed
in floating bait boxes or bait blocks (also used
for Norway rat control) may be placed in musk-
rat feeding areas on levees and banks.

Figure 10. Muskrat.







WATER QUALITY

Water is essential to agriculture. Without it,
farmers could not grow crops or produce live-
stock. Fertilizers and crop protection chemi-
cals are also essential to agriculture and their
application needs to be carefully controlled to
prevent contamination of water. People are be-
coming increasingly concerned about environ-
mental issues and the safety of their water for
drinking. Since some of the water used in rice
irrigation passes through the field and is reused
downstream, often for urban domestic purposes
or for recreation, it is critical that rice growers
and chemical applicators maintain the quality
of drainage water. In the 1980s fish kills in the
Sacramento River and off tastes in Sacramento
drinking water (Fig. 1) due to pesticides in the
waterways highlighted the importance of being
good stewards of water resources.

Figure 1. Water taste complaints received by the City of Sacramento
prior to (1975- 1980) and during the use of thiobencarb (1982).

This chapter discusses current water quality
regulations, what are potential problems regard-
ing water quality for rice growers and how can
we best manage rice systems to maintain high
water quality standards.

11.1

Definitions

What is a “discharge”? A discharge would occur
when any amount of wastewater that leaves your
property enters surface waters of the State. The dis-
charge does not have to be directly to surface water.
For purposes of this program, it may first flow over a
neighbor’s property or through a toe drain along the
edge of the field.

Who is a “discharger”? A discharger may include
persons, individuals, corporation cities, special dis-
tricts, farm owners, tenant farmers who release waste
that could affect the quality of the water of the State.

What is “waste”? Waste is broadly defined in the
California Water Code to include any and all waste
substances that may include, but are not limited to
soil, silt, sand, clay, rock, metals, salts, boron, sele-
nium potassium, nitrogen, pesticides and fertilizers.

What are “waters of the State”? Waters of the
State include any surface or groundwater with- in the
boundaries of the Slate. Waters of the State include,
for example natural streams, irrigation ditches or ca-
nals, ponds, agriculturally- dominated waterways,

and constructed agricultural drains.

Water quality regulation
in California’s rice systems

The Clean Water Act (CWA) is the source for
water quality regulation in California and the
United States. In California, additional water
code requirements, enacted by the Porter-Co-
logne Water Quality Control Act are found in
California Water Code, Division 7. The Cal-
ifornia Water Code provides a broad scope in
regulating waste or proposing to discharge
waste within any region that could affect the
quality of waters of the State. The term “waste”
1s a broad definition, and the term “waters of the
state” includes all surface water and ground wa-
ter within the State. The California Water Code
applies to point and non-point sources. Regula-
tion occurs in several ways to dischargers: pro-
hibition of discharge, waste discharge require-
ments (permit), or a waiver of waste discharge
requirements.
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The California agricultural community received
a waiver from a permit for discharging waste
into waters of the State. The waiver expired on
December 31, 2002. Since, 2003, all agriculture
in California must comply with an agricultural
discharge program referred to as the Ag Waiver.
In 2008, the pro- gram was renamed the Irrigat-
ed Lands Regulatory Program (ILRP) because
the word “waiver” implied that agriculture was
exempt from regulation. Instead, agriculture is
exempt from a permit as long as there is compli-
ance with ILRP conditions to monitor pesticides
and other constituents of concern (waste) dis-
charged from the land into waters of the State.
Current requirements allow for development of
management plans when a certain number of
exceedances occur. The California Rice Com-
mission (CRC) manages the only commodity
specific, general program under the waiver of
waste discharge requirements (or ILRP pro-
gram)

Constituents of concern

There are many constituents of concern listed
in the ILRP as this program is for all irrigated
lands. The constituents of concern for the rice
industry are listed in Table 1. These constituents
have been monitored by the CRC or during a
two-year UC Davis study. While many of these
constituents will be discussed in more detail lat-
er it is important to understand the effect of rice
systems on these constituents. Natural waters
do not contain pesticides and it is through the
process of growing rice that pesticides are intro-
duced into the water. Water does, however, con-
tain carbon, nutrients, and metals. Results from
the UC Davis study found that water leaving
rice fields (tailwater) had generally higher con-
centrations of dissolved organic carbon (DOC),
total suspended solids (TSS), total dissolved
solids (TDS) and to a lesser extent ammonium
and potassium (Fig. 2) throughout the year than
the inlet water. Also, in the winter, phosphorus
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concentrations were higher in tail water than in
the inlet water. This indicates that rice systems
contribute to increases in these values.

Pesticides

California rice growers receive regulations un-
der a prohibition of discharge program, the Rice
Pesticides Program (RPP). The RPP began in
the late 1970’s, early 1980’s and was officially
adopted into regulation under the Basin Plan in
1990. Under the RPP, rice growers must follow
approved management practices and monitor
specific pesticides to meet performance goals
in agricultural drains. The five pesticides under
the RPP include two herbicides thiobencarb,
molinate (cancelled and no longer monitored
after 2009), and three insecticides no longer
monitored: carbofuran (cancelled and no longer
monitored on rice), malathion and methyl para-
thion (little or no use on rice).

Monitoring for thiobencarb in 2008 found that
there were 37 detections of thiobencarb in water
from the main rice drains and the Sacramento
River. However, only two of these samples had
thiobencarb concentrations above the perfor-
mance goal of 1.5 ug/L (1.5 ppb). Monitoring
results at the city intakes show two detections
at Wes Sacramento, and one detection at Sac-
ramento with no exccedances of the secondary
maximum contaminant level (MCL) for off taste
of 1.0 ug/L (1.0 ppb). During this same period
there were only three detections of molinate and
no exceedances (greater than 10 ppb).

Propanil is an important herbicide in the rice in-
dustry. It was reintroduced in the rice industry
after being cancelled for drift issues in 1969.
Propanil was never a consideration for the RPP
because the product never caused any water
quality impairments. The water board currently
has concerns only because propanil is used a lot.
The majority of locations sampled by the CRC
had no detectable levels of propanil; however,
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Table 1. Constituents of concern monitored by the CRC or evaluated in a 2006/07 study.

Constituent of Concern

Herbicides

Water quality

objective

Comment

Carfentrazone-ethyl (Shark) ne*
Clomazone (Cerano) ne
Cyhalofop-butyl (Clincher) ne
Fenoxaprop-p-ethyl (Whip) ne
Propanil (Stam) ne
Triclopyr TEA (Grandstand) ne
Thiobencarb (Bolero/Abolish)** 1.5 ug/L Basin Plan performance goal under prohibition of

discharge

Azoxystrobin (Quadris)

Diflubenzuron (Dimlin) ne
(s)-cypermethrin (Mustang) ne
Lambda cyhalothrin (Warrior) ne

ne

Trifloxystrobin/ Propiconazole (Stratego)
Physical parameters

ne

pH 6.5-8.5

Electrical conductivity (EC) 700 umhos/cm CVRWQCB threshold

Dissolved oxygen (DO) 7 mg/L Basin Plan water quality objective for lower Sacramento
R.

Temperature 68°F Basin Plan water quality objective for lower Sacramento
R.

Color ne

Turbidity ne

Total disolved solids (TDS) ne

Dissolved organic carbon (DOC) 3 mg/L CALFED drinking water control program

Metals

Biological
E. coli

Total N ne

Nitrite-N ne

Nitrate-N 10 mg/L EPA standard
Ammonia-N 25 mg/L

Total phosphorus ne

Soluable phosphorus ne

Potassium ne

235 CFU

* ne=not established ** City intakes have a thiobencarb maximum contamination level (MCL)
of 70.0ug/L (toxicity), and a secondary MCL of 1.0 ug/L (off taste)
CVRWQCB=Central Valley Regional Water Quality Control Board

11.3
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Figure 2. Concentrations of dissolved organic carbon (DOC), total suspended solids (TSS), total dissolved solids (TDS), ammo-
nium (NH4), nitrate (NO3), dissolved phosphate and potassium (K) from rice field water inlets and outlets averaged over two
growing and winter seasons. Error bars are standard deviations of all of the fields and sampling events within that period.

it was detected during a one- to two-week pe-
riod from the mid to end of June. This high-
lights the importance of all growers to adhere
to the hold times for all pesticides as indicated
on the label. This will be discussed later.

Physical parameters

Dissolved oxygen (DO): DO is the amount of
gaseous oxygen (O?) dissolved in water. Ox-
ygen diffuses into water from the surround-
ing air, by aeration (rapid movement), and as
a waste product of photosynthesis. Adequate
DO is necessary for good water quality as
oxygen is a necessary element to all forms of
life. Natural stream purification processes re-
quire adequate oxygen levels to provide for
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fish and other aerobic life forms.

Factors that contribute to low DO values are
biological oxygen demand from the decompo-
sition of organic matter. Low DO may also be
caused by high levels of algae in the water (and
the resulting diurnal oxygen depletion resulting
from nighttime algae uptake), and/or flow of
water that limits natural aeration. Warm water
temperature can also contribute to low DO val-
ues. As temperatures increase oxygen solubility
decreases. Due to the above factors (primari-
ly temperature) low DO values were found in
some of the major rice drains between June and
September.

pH: The pH of water is a measure of the con-
centration of hydrogen ions. The pH determines
the solubility (amount that can be dissolved in
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the water) and biological availability (amount
that can be utilized by aquatic life) of chemi-
cal constituents such as nutrients and heavy
metals (i.e. lead, copper, cadmium). In the case
of heavy metals, the degree to which they are
soluble determines their toxicity. Metals tend
to be more toxic at lower pH because they are
more soluble. The water quality objective is to
maintain water pH values between 6.5 and 8.5.
Sampling the main rice drains in 2008 found no
water samples outside of this range.

Electrical conductivity (EC): EC estimates
the amount of total dissolved salts, or the total
amount of dissolved ions in the water. The salt
content of water has a large impact on aquatic
life and can have a negative impact on rice. The
threshold cited by the CVRWQCB for reporting
is 700 umhos/cm (NOTE: this value is for mon-
itoring purposes only and should not be adopted
as a salinity water quality objective). The 2008
sampling season yielded three samples above
this critical level. These were all during storm
events which occurred outside of the growing
sea- son.

Total Suspended Solids (TSS): Total suspend-
ed solids include all the particulates suspend-
ed in water. In a two-year UC Davis study TSS
ranged from almost 0 to over 500 mg/L; howev-
er, in most cases it was less than 100 mg/L (Fig.
3). High TSS is most likely the result of wind
or storm events that stir up the water. Also, high
TSS values are found when the flash boards
are first removed and the high volume of wa-
ter flowing out of the outlet churns up the soil
around the outlet.

Total Dissolved Solids (TDS): TDS is an ex-
pression for the combined content of all inorgan-
ic (minerals and salts) and organic substances
in water. Although TDS is not generally consid-
ered a primary pollutant (e.g. it is not deemed to

11.5

Total suspended solids (mg/L)
160

Olincorporated
B Burmed

1.

Early season | Mid season

Final drain  |Early season | Mid season | Final drain

Growing seazon Wirder eason

Total dissolved solide (mg/L)
Olneorporated
250 4 W Burned

200

150 4

100

50 4

Early season | Md season | Final drain [Early season| Mid season | Final drain

Wirter season

Girowing sesson

Figure 3. Total suspended solids and total dissolved solids in water
leaving rice fields. Data are averaged over two growing seasons.

be associated with health effects), but it is rather
used as an indication of aesthetic characteristics
of drinking water and as an aggregate indicator
of presence of a broad array of chemical con-
taminants. The Sacramento River typically has
TDS values less than 100 mg/L and agricultural
watersheds are generally between 250 and 500
mg/L. A UC Davis study found only one water
sample with a TDS greater than 500 mg/L. Most
of the values were less than 200 mg/L (Fig. 3).

Dissolved organic carbon (DOC): The amount
of dissolved organic carbon (DOC) in water is
often used as a non-specific indicator of water
quality. Organic carbon is a precursor to the
formation of harmful disinfection byproducts
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(DBPs) in municipal water supplies when water
is treated with chlorine. For example, trihalo-
methanes are one DBP that is considered to be
a potential carcinogen. Source water with high
DOC concentrations requires additional treat-
ment steps to remove DOC and this increases
the cost of treatment. Since the tap water of 22
million Californians originates in the Delta,
DOC is an important public health concern. The
CALFED Drinking Water Quality Program has
the goal of achieving an average TOC concen-
tration of 3 mg/L.

A UC Davis study found that the DOC in rice
tail water was higher than that entering the field
(Fig. 2). On average the water entering the rice
fields had DOC concentrations of 2.4 (+/- 2.4)
mg/L which is low because none of the fields in
the study used recycled water. While the aver-
age 1s below the 3 mg/L water quality objective,
there were samples that were above 3 mg/L. On
average, the DOC of the tailwater was 8.6 (+/-
5.4) mg/L. There were seasonal and straw man-
agement effects on DOC concentrations (Fig.
4). During the winter and early part of the grow-
ing season straw incorporated fields had higher
DOC levels than burned fields. This difference
was most pronounced at the onset of the winter
flood period. During the growing season straw
incorporated fields had slightly higher DOC

Diss olved organic carbon {mg/1)

levels at the beginning of the season. Best man-
agement practices (BMP) could be developed
from this study; however, until critical levels of
DOC are established for drainage waters from
agricultural fields it is not necessary to adopt
management strategies to control it.

Nutrients

Nutrients occur naturally in water as is shown
in Figure 2 but they are also added to the wa-
ter such as when fertilizers are applied. Good
management of fertilizers will help ensure that
nutrient levels remain low in rice field tailwa-
ter. Nitrogen (N), phosphorus (P) and potassi-
um (K) are applied to farm fields as fertilizers
but become a problem only when precipitation
or flood water washes nutrients off the land and
into waterways.

Nitrogen (N): High levels of N in water can
produce algae blooms. When the algae blooms
die and decompose, oxygen in the water is de-
pleted which causes problems for many aquatic
plants and animals that require oxygen.

Some nutrients may pose a health risk to hu-
mans. Nitrates, a byproduct of N, are especially
dangerous. In drinking water for instance, ba-
bies under 6 months of age can develop blue
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Figure 4. Dissolved organic carbon in water leaving rice fields. Data are averaged over two growing seasons.
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baby syndrome. Nitrates in the infant are
converted by the body to nitrites that oxidize
blood hemoglobin to methemoglobin. The al-
tered blood cells can no longer carry oxy- gen,
which can result in brain damage or suffoca-
tion. Epidemiological studies also show a cor-
relation between high nitrate levels and gastric
and stomach cancers in humans. The risk is
so serious that the environ- mental protection
agency (EPA) tightly regulates the levels al-
lowed in drinking water. The upper limit for
nitrates in drinking water is 10 mg/l as N which
is about 45 mg/1 of the nitrate ion.

In a two-year study, NO*-N water concentra-
tions ranged from almost 0 to 2 mg/L, how-
ever, 85% of the waters sampled had NO*-N
levels less than 0.1 mg/L (Fig. 5). During the
growing season the highest NO*-N values were
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at the beginning of the season and may relate
to fertilizer management practices-especially
the application of starter fertilizers to the soil
surface. In the winter, NO*-N values varied
throughout the sea- son. High values in the
winter may relate to waterfowl. However,
these values are well below 10 mg/L which is
the drinking water quality standard.

Ammonia-N values were less than 1 mg/L in
our study (Fig. 5). These values are very low
and there was not a large affect of season or
straw management.

Phosphorus (P): Phosphorus is one of the
principle causes of algal blooms in water-
ways. In rice fields high concentrations of P
in the water also lead to algae problems. In a
two-year study, P concentrations in the outlet

water was always less than 1.0 mg/L with the
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Figure 5. Nitrate-N, ammonia-N, phosphorus and potassium concentrations in water leaving rice fields.

Data are averaged over two growing seasons.
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exception of one sample (Fig. 5). 77% of the
samples had P values less than 0.1 mg/L which
was the average P concentration of the inlet wa-
ter. The highest P values were recorded during
the winter from fields where the straw had been
burned. The ash following burning is high in
soluble P and may have accounted for the high
P values found in water leaving these fields.

Potassium (K): Potassium is not normally con-
sidered a water quality problem and it is present
in most irrigation water. The highest water K
concentrations were during the early part of the
winter season in fields where straw was incor-
porated (Fig. 5). Rice straw has a high amount
of K in it which can be readily leached out into
the flood water. K concentrations were also high
in burned fields during the winter period. The
rice straw ash contains a high amount of soluble
K. The ash and remaining rice stubble are likely
the source of water K from these fields.

Metals

Copper (Cu) is the only metal being monitored
from rice fields. The source of copper is from
the pesticides that are used at the beginning of
the growing season primarily to control algae

and other pests. In 2006 almost 200,000 rice
acres were treated with copper sulfate. In a two-
year study, Cu in rice tailwater was not detect-
able, however, copper sulfate was not used on
any of the study fields.

E. coli

E. coli is a type of fecal coliform bacteria that
comes from human and ani- mal waste. Ele-
vated levels of E. coli is an indicator that dis-
ease-causing bacteria, viruses and protozoans
may be present. The water quality limit is 235
CFU (coliform forming units). Water was sam-
pled from rice field inlets, outlets and drains
over a two-year period were conducted to de-
termine if E. coli may be a concern. Important-
ly, the sample size in this study was very small,
however, there are some trends worth discuss-
ing. First, E. coli levels were generally higher
in the winter than during the growing season
(Table 2), possibly due to the presence of wa-
terfowl. Second, water entering and leaving rice
fields was generally low in E. coli. In one rice
field outlet sample the E. coli levels were above
the 235 CFU limit. Third, the drains accepting
rice field outflows is higher than the rice outlet
water and in four cases exceeded the 235 CFU

Table 2. E. coli (CFU - coliform forming units) in water samples from rice field inlets, outlets and drains.

Total number

Season
of samples

Sample ‘

Fields sam-
pled

Number of samples

Mean ‘ above 235 CFU

‘ Range

CFU
Inlet Growing 5 5 0-49 16 0
Winter 3 3 22-80 44 0
Outlet Growing 5 5 0-62 21 0
Winter 5 6 0-551 133 1
Drain Growing 3 1 82-3460 1410 2
Winter 6 4 4-351 139 2
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limit. High E. coli values in the drain may be the
result of waterfowl and other animals that live
in and around the drains.

Management methods to
maintain water quality nutrients

Nutrients

There are currently no water quality guidelines
for nutrients, TDS, TSS, and DOC; therefore,
we will not discuss in detail management op-
tions for these constituents. However, we can
provide some general guide- lines to reduce the
levels of some of these constituents from rice
field tail- water.

DOC: DOC concentrations are lower in burned
vs incorporated fields during the onset of the
winter flood period. Flooding is necessary when
straw has been retained in rice fields to encour-
age straw decomposition. The primary way to
reduce the amount of DOC leaving rice fields
during the winter is to restrict the flow of water
leaving the field.

Phosphorus: While P levels were generally
low, levels can be high when P fertilizer is left
on the soil surface prior to flooding for plant-
ing. Water P levels are greatly reduced by in-
corporating fertilizer or applying the P fertilizer
at a different time (i.e. before fall straw incor-
poration, before spring tillage, or up to 30 days
after sowing). These practices reduce P levels
in water and also reduce algae growth in fields.
Reductions in algae will reduce the amount of
copper applied to fields which is another con-
stituent of concern.

Alternative establishment systems can reduce
herbicide use. California rice systems have
more herbicide resistant weeds than any other
single crop or geographic area in the US. In an
effort to control these weeds growers may apply
multiple applications or additional herbicides.
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Applying more herbicides increases the possi-
bility of increasing resistant weed populations
and increases the potential for herbicide drift
which can end up in surface waters even if hold
times are adhered to.

No spring tillage, combined with a stale seed-
bed, offers new opportunities to control her-
bicide-resistant weeds and use less and more
environ- mentally friendly herbicides. A stale
seedbed refers to the practice of flushing or
flooding a field with water to induce weed seed
germination and then killing the weeds (usual-
ly with glyphosate) before planting. The choice
between flushing or maintaining the soil surface
fully saturated depends on whether or not the
field is infested with aquatic obligate weeds
which require water saturation to germinate.
The soil is then left undisturbed (no tillage) to
ensure that buried weed seeds are not brought
to the surface to germinate. This practice can
be effective for controlling all types of herbi-
cide-resistant weeds in rice systems because
they are not resistant to glyphosate. In some
studies, conducted at the California Rice Exper-
iment Station the single application of glypho-
sate was the only herbicide needed season-long.

Holding periods for pesticides.

The primary water quality concern of the Cal-
ifornia rice industry is residue from pesticides
applied to the fields. In 1984, state regulations
began which required rice growers to hold pes-
ticide-treated waters on their fields. Long term
water holding following application is the pri-
mary management method for reducing pesti-
cide concentrations in rice tailwater. This al-
lows for degradation of pesticides within the
field (Fig. 6). Different pesticides have different
rates of degradation and thus different lengths
of required holding periods (Tables 3 and 4).

Water holding requirements exist for most rice
pesticides — not only the ones monitored in the
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Rice Pesticides Program. Table 4 shows rice granted for problems related to rainfall, high
pesticide water-holding requirements and was winds, other extreme weather, or salinity.
developed from product labels. These do not

supersede any additional requirements. Please

contact your county agricultural commissioner

for label interpretations.

Current regulations provide for emergency re-
lease if a written request documents the crop
is suffering because of the water management
requirements. Emergency release will only be

3500
2000
2500 -
2000 -
1500

1000

Mclinate concentration inwater (pph)

500

0 5 10 15 20 25 30 35
Days after application

Figure 6. Typical dissipation curve of molinate (Ordram®) in a typical commercial rice field. While molinate is no longer used
in rice systems, such dissipation curves lead to the required holding period for molinate shown in Figure 7.
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Table 3. Rice pesticide group number per active ingredient, water holding requirements, pre-harvest interval (PHI) and restricted entry interval (REI) from
product labels. Please read and follow label directions and contact your county agricultural commissioner for label interpretations and permit conditions.

COMMON TRADE
NAME'

GROUP NO./
ACTIVE
INGREDIENT

‘ INSECTICIDES:

WATER HOLD
TIME

PRE-HARVEST
INTERVAL (PHI)

RESTRICTED ENTRY
INTERVAL (REI)

Quadris® Flowable
Fungicide

11 Azoxystrobin

14-days

28-days

Belay® Insecticide 4A Clothianidin 14-days Up to 3 leaf 12-hours
Mustang® Max Insecticide | 3A (s)-cypermethrin 7-days 14-days 12-hours
Dimlin® 2L Insect )
15 Diflubenzuron 14-days 80-days 12-hours
Growth Regulator
e - - .97
Warrlv.:)r Insecticide 3A Lambda cyhalothrin 7-days 21 days., 27-days at 24-hours
(various names) the higher rate
Malathion 8 - : i
. 1B Malathion 4-days 4-days peran!I 12-hours
(various names) 15-days: bispyribac
Intrepid® 2F Section 18 18 Methoxyfenozide 7-days 14-days 4-hours

| FUNGICIDES:

4-hours

Tilt® (propiconazole)
Stratego® Fungicide

3 Propiconazole/
11 Trifloxystrobin

7-days

35-days

12-hours

HERBICIDES:

less closed system

Londax® Herbicide 2 Bensulfuron-methyl 7-days static 80-days 24-hours
BUTTE® Herbicide :7H2f:szlj’|::%z'°n:£ thy 20-days 82-days 12-hours
Regiment® CA/Arroz 80® | 2 Bispyribac-sodium 0-days 15-days: malathion 12-hours
Shark® Herbicide 14 Carfentrazone-ethyl 23-days 60-days 12-hours
Cerano® 5 MEG 13 Clomazone 14-days 120-days 12-hours
Clincher® CA/RebelEX® | 1 Cyhalofop-butyl 0-days 60-days 12-hours
Loyant® CA w/ Rinskor 4 Florpyrauxifen-benzyl 0-days 60-days 12-hours
Sandea® Herbicide 2 Halosulfuron-methyl 0-days 69-days 12-hours
Harbenger®/Prowl|® 3 Pendimethalin 0-days 24-hours
Strada® CA Herbicide 2 Orthosulfamuron 0-days 12-hours
Granite® SC/GR/RebelEX® | 2 Penoxsulam 0-days 60-days 12-hours
Sgir;ei\?vohf\a’:!/ 7 Propanil less cIZ)-sdea(} :/stem 60-days 24-hours
Abolish® 8EC/Bolero®
UltraMax/League® MVP 8 Thiobencarb Table.A. DPR, . 12-hours
Willowood Thio Ultramax Permit Conditions
Grandstand®CA Herbicide | 4 Triclopyr TEA 20-days: 60-days 48-hours

1Restrictions apply to all rice pesticides sharing the same active ingredient and are not exclusive to the common trade name.

2005 (Rev December 2022)
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Trade name Active ingredient Water-hold time Provisions
INSECTICIDES
Dimlin® 2L Insect Growth Diflubenzuron 14 days None
Regulator
Mustang® 1.5 EW Insecticide | (s)-cypermethrin 7 days None
Warrior® Insecticide Lambda cyhalothrin 7 days None
FUNGICIDES
Quadris® Flowable Azoxystrobin 14 days None
Fungicide
Stratego® Fungicide Trifloxystrobin/ Propiconazole 7 days None
HERBICIDES
Shark® Herbicide Carfentrazone-ethyl 5-days static Less if closed
30-days release system
Cerano™ 5 MEG Clomazone 14 days None
Clincher™ CA Cyhalofop-butyl 7 days None
Whip® 360 Herbicide Fenoxaprop-p-ethyl 14 days Applies to use of irri-
gation water to
other crops
Stam™ 80 EDF Propanil 7 days Less if closed
system
Grandstand™ CA Herbicide Triclopyr TEA 20 days Less if closed
system
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Figure 7. Maximum concentrations of molinate (Ordram®) in the Colusa Basin Drain and the Sacramento River. While molinate is no lon-
ger used on rice this figure shows the effect of holding periods on water quality.
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Adoption of other rice
irrigation systems for
tailwater management

Mandatory holding periods have made it diffi-
cult for rice growers with conventional irriga-
tion systems to maintain flexibility in managing
their irrigation water. Two systems are dis-
cussed in this section that will pro- vide greater
management flexibility and reduce or eliminate
the possibility of spillage during water holding
periods.

Gravity tailwater recapture irrigation system.
The gravity tailwater recapture irrigation sys-
tem utilizes pipes and gravity flow to divert tail-
water from field to field thereby keeping drain
water and pesticide residues out of public wa-
terways. The water flows by gravity, eliminating
tailwater pump and sump. Bypass drainpipes in
upstream fields are installed in bottommost ba-
sins (checks) for maximum effectiveness. The
pipe can enter the downstream field at any point,
although entry into the upper portion of the field
allows the greatest flexibility. The advantages
of this system include improved tailwater and
pesticide residue containment, management
flexibility during water holding periods, and
low construction and operation cost. The disad-
vantages are: when many basins are intercon-
nected, the large water surface area may make
quick and precise water management difficult;
requires coordination of water among many
fields; the system is not completely closed and
may allow some tailwater and pesticide residue
to enter public waterways.

The float valve rice box. The conventional ir-
rigation system can be improved by replacing
the conventional rice weir with a “smart box”.
A smart box operates on the same principle as a
toilet tank or a horse-trough valve. The plastic
container or float of a smart box is adjusted so
that it opens and closes a vertically hinged but-
terfly valve. When the water in the downstream
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basin is low, the plastic container floats down-
ward and opens the flap gate, allowing water
into the basin. When the water depth reaches
the set level (adjustable by adding or removing
water from the hollow plastic float) the contain-
er floats upward, closing the valve: water can-
not enter the basin. As long as a source of water
is available to the topmost basin, the series of
basins is regulated. Each basin takes in water
as needed and shuts off when the desired water
depth is reached, thereby eliminating much of
the day-to-day management associated with tra-
ditional flashboard weirs. Once smart boxes are
properly adjusted, no spill should occur from
the bottommost basin.

Seepage water management

Seepage is the lateral movement of irrigation
water through a rice field levee or border to an
area outside of the normally flooded production
area. Seepage can occur through levees into
adjacent dry fields or into existing drains and
canals. Leakage caused by crayfish and rodent
bur- rowing is not considered seepage but can
also result in the movement of irrigation water
off rice fields. Seepage will be readily apparent
later during the growing season as water accu-
mulates and by green weedy growth along the
edge of the field. Occasionally, seepage appears
as a wet area that can damage a perimeter road.

Seepage water that contains high concentrations
of pesticides can hinder efforts to comply with
California’s water quality goals. Efforts to meet
these goals depend on long holding periods,
which allow pesticides to dissipate almost com-
pletely in rice fields before release. Neverthe-
less, the concentrations of rice pesticides found
in many agricultural drains exceed the levels
found in tailwater released from rice fields after
an adequate holding period. Therefore, seepage
and off-target applications (for example, drift)
are believed to be the source of the high concen-
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trations currently found in agricultural drains.
As holding periods for rice pesticides increased
during the last decade, and the contribution of
tailwater runoff to pesticide loading of surface
waters declined, the relative contribution of
seepage to such loading was recognized. Cur-
rently, seepage is regarded as an important con-
tributor to pesticide loading in Sacramento Val-
ley waterways.

Rice pesticides that do not strongly adsorb to
soil particles, for example, molinate can move
with seepage water from treated fields into ag-
ricultural drains or other nontarget areas. This
seepage water will contain approximately the
same concentration of certain rice pesticides as
in the field.

In an effort to determine if rice pesticides, par-
ticularly molinate, can move with seepage wa-
ter, the Department of Pesticide Regulation
undertook a study to determine the extent of
molinate movement from treated commercial
rice fields through levee banks into adjacent
ditches or fallow fields. In 1992, two sites, lo-
cated in commercial rice fields in Colusa Coun-
ty, were chosen because they were known to
have seepage problems in previous years. Pri-
or to the application of molinate, the suspected
seepage areas were covered with heavy plastic
tarps to prevent contamination from aerial drift
and kept covered throughout the study. At the
first site, on a Willows clay, the molinate con-
centration in the seepage water peaked two days
after application at 205 parts per billion (ppb).
At the second site, on a Wikoda silty clay, con-
centrations at six days after sampling were as
high as 720 ppb. At the time of the study the wa-
ter quality goal for molinate was 10 ppb for all
public waterways. While this study was not able
to determine the extent of seepage throughout
the Sacramento Valley, it did show that molinate
can move with seepage water through levees to
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nontarget areas. Other studies conducted by the
Central Valley Regional Water Quality Control
Board found that both molinate and carbofuran
are present in seepage water in ditches adjacent
to treated fields. The concentration of these pes-
ticides is likely to be present in the seepage wa-
ter soon after the field has been treated.

Recognizing seepage and what causes it as well
as when and where it occurs can be the first step
to good seepage or leak control. For a more
complete discussion, see “Seepage Water Man-
agement, Voluntary Guidelines for Good Stew-
ardship in Rice Production”, UC Division of
Agriculture and Natural Resources Pub. 21568.
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INTRODUCTION

Sample costs to produce medium grain rice in the Sacramento Valley are presented in this study. It is intended
as a guide only, and can be used to make production decisions, estimate potential returns, prepare budgets and
evaluate production loans. Practices described are based on production practices considered typical for the crop
and area, but these same practices will not apply to every farming operation. The sample costs for labor,
materials, equipment and custom services are based on June 2021 figures. A blank column titled “Your Cost”,
is provided in Tables 2 and 3 for your convenience.

For an explanation of calculations used, refer to the section titled Assumptions. For more information contact
Donald Stewart, Department of Agricultural and Resource Economics, UC Davis at 530-752-4651 or
destewart@ucdavis.edu. To discuss this study with a local county extension farm advisor, contact your county
cooperative extension office. ucanr.edu/County_Offices/.

Sample Cost of Production studies for many commodities are available and can be downloaded from the
Department website: coststudies.ucdavis.edu. Archived studies are also available on the website.

Costs and Returns Study Program/Acknowledgements. A cost and returns study is a compilation of specific
crop data collected from meetings with professionals working in production agriculture from the region. The
authors thank farmer cooperators, UC Cooperative Extension, and other industry representatives who provided
information, assistance, and expert advice. The use of trade names and cultural practices in this report does
not constitute an endorsement or recommendation by the University of California nor is any criticism
implied by omission of other similar products or cultural practices. The University is an affirmative
action/equal opportunity employer.
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ASSUMPTIONS

The assumptions refer to Tables 1 through 7 and pertain to sample costs to produce medium grain rice in the
Sacramento Valley. The cultural practices shown represent production operations and materials considered
typical of a well-managed farm in the region. Costs, materials, and practices in this study will not apply to all
situations. Timing and types of cultural practices will vary among growers within the region and from season
to season due to variables such as weather, soil, insect, and disease pressure.

Farm. The hypothetical farm consists of 840 non-contiguous acres. The grower owns 10 acres and rents 830
acres. Medium grain rice (Calrose) is grown on 800 acres and 40 acres are roads, irrigation systems, equipment
and shop area, and homestead. Typically, a grower with this amount of rice acreage will have several non-
adjacent fields and the cultural practices will vary among fields. Additionally, extra costs may be incurred
moving equipment between fields, (which can be in different irrigation districts). Such costs are not included
in this study. No other crops are grown in rotation with rice. All operations are done on 100 percent of the acres
unless noted otherwise.

This study assumes the grower owns 10 acres, valued at $12,500 per acre, and rents 830 acres at $475 per acre.
This study assumes 100 percent of farmed land is rented. For more details about owned and rented land, please
refer to the “Cash Overhead” and “Non-Cash Overhead” sections.

Cultural Practices and Material Inputs

Pre-Plant Land Preparation. Most of the primary tillage, including chiseling, discing, land leveling, laser
leveling, and rolling, is normally done from March through May. The permanent levees, which comprise 5
percent of the acres, are reworked, and drainage ditches are maintained as necessary. Environmental regulations
may affect the way the drains and levees are maintained and additional costs may be incurred, which are not
accounted for in this study.

All fields are chiseled two times to open the ground and dry the soil. This is followed by one discing to break
up large clods with a stubble disc, and then disced once more with a finish disc, which increases the soil’s
drying surface. Precision, laser leveling is done to 50 percent of the acreage annually. The grower tri-planes
the other 50 percent of the acreage to maintain even ground for water flow.

Aqua ammonia fertilizer is custom applied by ground, using an aqua rig. The starter fertilizer and zinc are
custom applied with a ground rig. The ground is rolled by the grower with a corrugated roller prior to flooding
and planting.

Fertilizer. Aqua ammonia is applied pre-plant at 130 pounds of N per acre with an aqua fertilizer injector
ground rig, 3 to 4 inches deep. A starter fertilizer, 12-23-20 at 200 pounds per acre, is applied by ground and
incorporated using a corrugated roller (can also be applied by air). Zinc sulfate is applied with the starter and
is incorporated with those operations. In July, 75 percent of the acres are top dressed by air with 31.5
pounds of N, or 150 pounds of ammonium sulfate per acre.

Planting. Water seeding, in contrast to drill-seeding or dry-seeding, is the primary seeding method in
California. The field is flooded and the seed is soaked in water, (see Pest Management, Disease) to begin
germination and drained. The seed is broadcast by air into a few inches of water on the fields at a rate of 175
Ibs./acre. Seeding rates vary from field to field and by variety. Most planting is done from April 20 to May
20.

Irrigation. The grower purchases the irrigation water from an irrigation district; however, growers may also
use well water, (ground water) which will incur extra costs from pumping. The grower pays the water costs
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on the farmed land, which varies widely between irrigation districts in the Sacramento Valley. The total
seasonal-cost of irrigation water for this study is $150.00 per acre. Typically, four to six acre-feet of water are
applied during the growing season. This does not include the water needed for straw management.

Pest Management. The pesticides and rates mentioned in this cost study are listed in UC Agronomy Research
and Information Center, Rice, rice.ucanr.cdu. Pesticides mentioned in the study are not recommendations,
but those commonly used in the region. For information on other pesticides available, pest identification,
monitoring, and management visit the UC IPM website at ipm.ucdavis.edu.

For additional information and pesticide use permits, contact the local county Agricultural Commissioner's
office. The owner/manager who applies pesticides to his or her property may need to hold a valid private
applicator certificate that is issued by the agricultural commissioner's office. Pesticides with different
active ingredients, mode of action, and sites of action should be rotated as needed to combat species shift and
resistance. Adjuvants and crop oils are recommended for use with many pesticides for effective control.

Pest Control Adviser/Certified Crop Advisor, (PCA/CCA). An individual who is licensed as a PCA and/or a
CCA may monitor the field for pests and disease, collect samples for nutrient analyses, and complete surveys
and paperwork for regulatory compliance. A CCA emphasizes fertilizer and plant nutrient management issues.
Growers may hire private PCA’s or receive the service as part of a service agreement with an agricultural
chemical company. Pesticide costs may vary by location and grower volume. In this region, a written
recommendation for fertilizer applications is currently not required.

Weeds. Grass weeds and broadleaf weeds are controlled with separate aerial and ground applications.
Herbicides, (e.g. Butte, Clincher, Bolero, Granite GR, or a combination) to control grass weeds are applied to
100 percent of the rice shortly after planting. This study assumes that Butte is applied to 100 percent of the
acres by air in May. Tank mixes of two foliar active herbicides are often used for the second herbicide
application.

This study assumes that a Propanil (Super Wham) and Grandstand tank mix is applied by ground, as stated
above, on 100 percent of planted acres. Final weed control is a cleanup herbicide (e.g. Regiment) application
in late June that is applied using a ground rig on 80 percent of the acres. Weed material programs vary amongst
growers due to management of herbicide resistant weeds or other production circumstances. However,
material costs per acre are within similar ranges.

Algae. After planting in May, Copper Sulfate is custom applied by air on 30 percent of the acres.

Insects. Seedling arthropod pests (rice water weevil/tadpole shrimp and rice seed midge) control begins in May
after planting, by treating 30 percent of the acres, which includes the field borders or edges and levees with
Lambda cyhalothrin insecticide. Armyworms are controlled with one insecticide application of Dimilin in July,
on 25 percent of the acres.

Diseases. Rice seed is pre-soaked before planting in either a fungicide or chlorine treatment for control of
bakanae diseases. Stem rot, aggregate sheath spot and blast are controlled July through August with one
application by air of azoxystrobin on 75 percent of the acres.

Vertebrate Pests. Cannons, also known as zon guns are used to scare birds away from the crop, if needed. The
guns run on propane and must be monitored daily. No charges are shown.

Endangered Species. It is important to know if your farm is located in an area where endangered species reside.

Trapping and killing endangered species can result in fines. Contact your County Agricultural Commissioner
for additional information.
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Harvest, Yield, Revenue and Assessments

Harvest. The rice crop is harvested at 20 percent ‘invisible shrink’.
kernel moisture (green rice) using a combine with a
cutter-bar header. The grower also owns a pull-type Table A. Average California Yields and Prices.
grain cart/bankout wagon. The combine can unload Yield/Acre Revenue/Acte
grain (while still harvesting) into the grain cart. The Year  (Me di(ucr?érain) (Meé?:;wgrain)
grain is transported out of the field, to bulk grain 2005 75 50 10.10
trailers for transport to the drying facility. 2006 78.80 13.00
2007 85.00 16.20

Transportation. The grower pays the transportation 2008 85.50 27.40
of green rice from the field to the dryer. Hauling 2009 87.40 19.50
grain from the dryer to storage may be considered a 2010 82.00 20.80
processing or marketing expense, but is a cost and is 2011 85.00 18.40
reflected in the price returned to the grower. The cost 2012 83.50 18.40
of transporting the rice from the field to the dryer is 2013 86.70 20.70
included, but the hauling cost between the dryer and 2014 88.00 21.50
warehouse is not. The cost of transporting rice is 2015 . 18.40
based on a green weight of 102 hundredweight (cwt) 2016 90.00 14.30

. . 2017 86.20 20.30
per acre and a $0.50 per cwt field pickup and hauling 2018 2810 2130
charge. Green weight is the calculated weight of the 2019 85.90 21.80
harvested rice at 20 percent moisture, including 2020 8920 18.90

Drying and Storage. Drying charges increase with moisture content. Most dryers use a rate schedule that reflects
the loss of moisture plus other ‘invisible’ losses in the system associated with immature kernels, dockage and dust.
The non-moisture factor varies among dryers, but usually ranges from two percent to six percent. Together, these
losses are called ‘shrink’. Rice is assumed to be dried to 14 percent moisture. The drying rate charge is based on a
green weight of 102 cwt. The current cost of drying the rice is $0.95 per cwt. Storage is charged at $0.78 per cwt on
the dry weight and is similarly increased to estimate future power costs. Most of the drying cost is related to natural
gas prices, and the storage cost is related to electricity prices.

Yields. The crop yield used in this study is 9,000 pounds (90 cwt) per acre at 14 percent moisture. Yields vary over
the years in California, see Table A.

Revenue. A selling price of $21.50 per cwt. of grain rice (with an assumed loan value of $7.00, or $14.50 above
loan value) is used to estimate market income. A range of yields and prices are presented in Table 4.

The Agriculture Improvement Act of 2018 (the 2018 Farm Bill) amended the Agricultural Improvement Act of 2014
(2014 Farm Bill) and reauthorized the Agriculture Risk Coverage (ARC) and Price Loss Coverage (PLC) programs
with modifications. usda.gov/farmbill.

The 2018 Farm Bill requires a unanimous election to obtain PLC or ARC-CO on a covered commodity-by-
commodity basis that will remain in effect for the 2019 through 2023 crop years. An election of ARC-IC in any year
will apply to all covered commodities on the farm. Starting with the 2021 crop year, and each crop year thereafter
through 2023, the producers on a farm may change the election of PLC or ARC on a year-to-year basis.
fsa.usda.gov/programs-and-services/price-support/commodity-loans/non-recourse-loans/rice-program/index

The PLC Program provides payments when the effective price for a covered commodity falls below its effective
reference price, which is $14.50 per cwt for Temperate Japonica, as of 2020.
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ARC Program is an income support program that provides payments when actual crop revenue declines below a
specified guarantee level. The ARC-CO program provides income support tied to historical base acres, not current
production, of covered commodities. ARC-CO payments are issued when the actual county crop revenue of a
covered commodity is less than the ARC-CO guarantee for the covered commodity. These programs are
administered by the United States Department of Agriculture’s (USDA), Farm Service Agency (FSA). A single
limit of $125,000 for each “person...actively engaged in farming” (as defined by the ACT) applies to all payments
under these programs.

Payments are tied to a farm’s historical rice and other commodity base acres and yields, and are not available to
producers whose average adjusted gross income exceeds $900,000. The study assumes that a grower selects the
PLC program; however, selection criteria should be based on individual farm analysis. For more information on
these and other programs, or on meeting minimum requirements to comply with the programs, please contact the
USDA FSA, or visit the website: fsa.usda.gov/programs-and-services/arcplc program/index.

Net Revenue. A grower will achieve a positive cash flow when net returns above cash costs (gross returns minus
operating costs) are positive. This means that returns are sufficient to cover annual operating expenses (material
inputs, labor costs, harvest, fuel, lube and repairs, and interest on operating loans). However, a positive cash flow
does not include consideration of a return on investment in owned capital, also called non- cash overhead expenses.
Nor does it include loan payments on capital investments such as equipment, irrigation system, and buildings. Net
returns over total cost (gross return minus total costs) include both cash costs and non-cash costs. If net returns
above operating costs are positive but net returns above total costs are negative, over time, gross returns will be
insufficient to replace equipment and other investments necessary for production.

Ranging Analysis. Table 4 has a range of return prices used for calculating net returns per acre at different yields.
The yield range used for this study is 7,500 to 10,500 pounds (75-105 cwt) per acre with the price range from $15.50
- $27.50 per 100 pound sac (cwt).

Straw Management. Post-harvest operations for straw decomposition are usually done using a single or a
combination of commonly used methods, including: 1) chopping, discing, and flooding, 2) chopping and flooding,
3) chopping, flooding and rolling (stomping) and 4) chopping and discing, then rolled (stomped).

The rice straw is chopped, disced, and then rolled (stomped) on 100 percent of the acres. The winter water
availability and costs for single and continuous flooding vary by district, and may be rain-fed. Water for straw

decomposition is commonly used, but is not used in this study.

Buailing. Swathing, bailing and hauling to a cogeneration plant (recycled energy) is done by growers that live within
the region of the plants that make this method economically feasible.

Burning. Rice straw burning is becoming increasingly rare in the Sacramento Valley. The cost of burning stubble,
burn permits and addition fees associated with this method are not included in this study.

Assessments. Producers pay two assessment fees.
California Rice Research Board (CRRB). Under a state marketing order a mandatory assessment fee is collected
and administered by the CRRB. This assessment of $0.07 per dry cwt pays for rice research funded by the CRRB.

carrb.com/

The California Rice Commission (CRC). This commission assesses each rice grower $0.07 per dry cwt. Rice millers
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and marketers also contribute an equal amount of $0.07 per dry cwt. This provides the CRC with a total budget
based on $0.14 per cwt for all California rice produced to work on a variety of issues facing the California
rice industry. calrice.org/

Labor, Equipment and Operating Interest

Labor. Labor Rates are $27.93 per hour for machine operators, $22.05 for non-machine, hand labor and $44.09 for
an assistant supervisor irrigation labor. These rates include payroll overhead of 46.98 percent. The basic hourly wages
are $19.00 for machine operators, $15.00 for non-machine, hand labor and $30.00 for assistant supervisor irrigation
labor. The overhead includes the employer’s share of federal and California state payroll taxes (14.85%), workers'
compensation insurance (15.71%) for field crops, and a percentage for other possible benefits (16.42%). These costs
are based on the average industry final rate as of June, 2021.

Wages for management are not included as a cash cost. Any revenue above total costs is considered a return to
management and risk. However, growers wanting to account for management may wish to add a fee. The manager
makes all production decisions including cultural practices, action to be taken on pest management
recommendations, and labor.

Equipment Operating Costs. Repair costs are based on purchase price, annual hours of use, total hours of life, and
repair coefficients formulated by American Society of Agricultural & Biological Engineers (ASABE). Fuel and
lubrication costs are also determined by ASABE equations based on maximum Power Take Off (PTO) horsepower,
and fuel type. Average prices for on-farm delivery of red-dye diesel and gasoline, based on grower cooperator
information and, June, 2021 data from the Energy Information Administration, are $2.80 and $3.90 per gallon,
respectively. The cost includes a 13.0 percent sales tax on diesel and 2.25 percent sales tax on gasoline. Federal and
state excise taxes on diesel ($0.36/gal) and gasoline ($0.473/gal) are refunded for on-farm use when filing the farm
income tax return.

Fuel/Lube/Repairs. The fuel, lube, and repair costs per acre for each operation in Table 1 is determined by
multiplying the total hourly operating cost in Table 6 for each piece of equipment used for the selected operation by
the hours per acre. Tractor time is ten percent higher than implement time for a given operation to account for setup,
travel and down time.

Owned Equipment. For a list of equipment included in the farms inventory and operating costs, see Tables 5 and 6.

Harvest/Header. The total revenue of the 840 acre farm does not support the purchase and operating costs of a new
combine. The new combine could harvest as much as 1,200 acres in a season. The combine would be leased as a
custom operation by neighboring farmers, creating additional income that would pay for the annual maintenance
and repair costs. The grower could also own a used combine purchased at a much cheaper price.

Rented Equipment. A 325 HP, 4WD tractor is rented for one month (250 hours). The tractor is used for ground
preparation tillage operations over the 800 acres.

Pickups. Business use of 30,000 miles per year is assumed for the ¥-ton pickup and 20,000 miles per year for the
Y-ton pickup. The charges are shown under cultural operations.

Back Hoe/Road Grader/Implement Carrier/Truck 5-Ton. This equipment is listed under investments, “Non-Cash
Overhead” section at replacement value. They are used sparingly for various tasks around the farm with no assigned
costs. Some of this equipment would have been purchased previously and would be fully depreciated. Only
operating and maintenance costs would be shown.
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Interest on Operating Capital. Interest on operating capital is based on cash operating costs and is calculated
monthly until harvest at a nominal rate of four percent per year. A nominal interest rate is the typical market cost of
borrowed funds. The interest cost of post-harvest operations is discounted back to the last harvest month using a
negative interest charge. The interest rate will vary depending upon various factors. The rate is this study is
considered a typical lending rate by a farm lending agency as of June, 2021.

Risk. The risks associated with crop production should not be underestimated. While this study makes every effort
to model a production system based on typical, real world practices, it cannot fully represent financial, agronomic and
market risks, which affects profitability and economic viability of agricultural production. Moreover, Table 4 reflects
aranging analysis of returns based on various assumptions which is therefore, hypothetical in nature. It is important
to realize that actual results may differ from the returns contained in this study. Any returns above total costs
are considered returns on risk and investment to management (or owners).

Cash Overhead

Cash overhead consists of various cash expenses paid out during the year that are assigned to the whole farm and
not to a particular operation. These costs can include property taxes, interest on operating capital, liability and
property insurance, sanitation services, equipment repairs, and management.

Property Taxes. Counties charge a base property tax rate of one percent on the assessed value of the property. In
some counties special assessment districts exist and charge additional taxes on property including equipment,
buildings, and improvements. Property taxes applied in this study are calculated as one percent of the average value
of the property and are not influenced by the Williamson Act or additional county taxes. Average property value
equals new cost, plus salvage value divided by two on a per acre basis.

The Williamson Act. California Land Conservation Act has helped preserve agricultural and open space lands since
1965. Local governments and landowners enter into voluntary contracts to restrict enrolled lands to agricultural and
open space uses in exchange for property tax reductions. The impact of the Williamson Act on property taxes will
vary from year to year and property to property. This is due to how it is annually calculated and then compared to
its Proposition 13 (factored base year value). The lower of the two is used for the annual assessment.
boe.ca.gov/proptaxes/pdf/1tal 9029.pdf

boe.ca.gov/proptaxes/fags/changeinownership.htm

Insurance. Insurance for farm investments varies depending on the assets included and the amount of coverage.

Property Insurance. This provides coverage for property loss and is charged at 0.886 percent of the average value of
the assets over their useful life.

Liability Insurance. A standard farm liability insurance policy fee of $1,461 is included as a cost for the entire farm.
This is the cost of the basic policy and paperwork. Additional coverage will incur additional costs. A standard farm
liability insurance policy will help cover the expenses for which the owner becomes legally obligated to pay for
bodily injury claims on owned property and damages to another person’s property as a result of a covered accident.

Crop Insurance. Crop insurance is a tool that some growers use to help offset revenue loss risk. This study assumes
that all acres in the farm are eligible for Prevented Planting (PP) coverage, which is available under catastrophic
(CAT) crop insurance and buy-up insurance policies. A buy-up insurance policy offers growers more coverage and
flexibility to tailor a crop insurance plan to a specific operation. Yield and revenue insuranceare the most common
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buy-up policies and offer coverage levels between 50 to 85 percent.

The United States Department of Agriculture Risk Management Agency (USDA RMA) sets crop insurance policies
and costs, which are administered by private insurance companies. Various crop insurance policies are offered for
rice growers in the Sacramento Valley, including revenue protection, revenue protection with harvest price exclusion
and yield protection. Depending on the crop insurance policy, the USDA RMA will subsidize between 38 and 67
percent of the grower premium cost, as of July 2018.

The grower, in this study, is assumed to purchase a 75 percent yield protection policy, with an additional 55 percent
PP coverage level, assumed to cost $18 per acre. For more information on crop insurance, visit the Risk Management
Agency website: rma.usda.gov/, and for more information on Prevented Planting coverage, refer to the RMA
Handbook: Prevented Planting Loss Adjustment Standards Handbook (FCIC- 25370 [10-2006]).

Rent. Cash rents range from $350 to $550 per acre with surface water rights attached to the land, but water is not
paid for by the landowner. The cost of water is borne by the grower renting the land. A rental price of $475 per acre
is used in this study. All farmed acres are assumed to be rented, and considered a cash cost. This study assumes all
farmed acres are rented to account for the current cost of farming on rice land.

Regulatory Compliance and Administrative Costs. Compliance and administrative costs are estimated to be
$25 per acre. This includes expenses such as managing paperwork for regulatory compliance of water quality
programs such as waste discharge requirements. This would also include farm evaluation (USDA surveys) and
nitrogen management plan reporting as well as miscellaneous administrative costs that accompany the compliance
paperwork. These tasks can be performed by the grower, or contracted to a consultant.

Office and Business Expense. Office and business expenses are estimated at $50 per acre. These expenses include
office supplies, telephone/internet, bookkeeping, accounting, and office utilities.

Investment Repairs. Annual repairs on investments or capital recovery items that require maintenance are
calculated as two percent of the purchase price. This includes repair on all investments except for land.

Non-Cash Overhead
Non-cash overhead is calculated as the capital recovery cost for equipment and other farm investments.

Capital Recovery Costs. Capital recovery cost is the annual depreciation and interest costs for a capital investment.
It is the amount of money required each year to recover the difference between the purchase prices and salvage
value (unrecovered capital). It is equivalent to the annual payment on a loan for the investment with the down
payment equal to the discounted salvage value. This is a more complex method of calculating ownership costs than
straight-line depreciation and opportunity costs, but more accurately represents the annual costs of ownership
because it takes the time value of money into account (Boehlje and Eidman). The formula for the calculation of the
annual capital recovery costs is [(Purchase Price — Salvage Value) x Capital Recovery Factor] + (Salvage Value x
Interest Rate).

Salvage Value. Salvage value is an estimate of the remaining value of an investment at the end of its useful life. For
farm machinery (tractors and implements) the remaining value is a percentage of the new cost of the investment
(Boehlje and Eidman). The percent remaining value is calculated from equations developed by the American Society
of Agricultural & Biological Engineers (ASABE) based on equipment type and years of life. The life in years is
estimated by dividing the wear out life, as given by ASABE, by the annual hours of use in this operation. For other
investments including irrigation systems, buildings, and miscellaneous equipment, the value at the end of its useful
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life is zero. The salvage value for land is the purchase price because land does not depreciate.

Capital Recovery Factor (CRF). The CRF can be interpreted as the amount of equal (or uniform) payments to be
received for (n) years such that the total present value of all these equal payments is equivalent to a payment of 1
dollar at present, if interest rate is (i) (Boehlje and Eidman).

CRF is the amortization factor for an asset and is calculated as; [i * (1 +1)"]/[(1 +1)"- 1] where *(i) is the interest rate
and (n) the number of years the asset is held.

Interest Rate. An interest rate of 4.75 percent is used to calculate capital recovery. The rate will vary depending
upon loan amount and other lending agency conditions, but is the basic suggested rate by a farm lending agency as
of June 2021.

Land. Rice land values range from $11,000 to $14,000 per acre. This study uses a value of $12,500 per acre.
Environmentally important rice land is valued in excess of the amount that growers can profitably afford to pay
because environmental associations or government agencies may be willing to pay more to acquire the land,
however such land represents a small portion of total rice land. In this study, ten acres of land is assumed to be
owned by the grower and not shown as an investment.

Irrigation System. The property has surface water delivered to the fields by a water district via a canal system from
water stored in reservoirs. The fields have systems of lateral ditches and drainage ditches, and irrigation boxes in
the fields to maintain water flow and depth. Pumping of ground water for irrigation is not used in this study.

Building. The metal building is on a cement slab with an attached pole barn with a fenced equipment yard.
Shop Tools. This includes shop machinery and tools.

Fuel Tanks. One 1,000-gallon diesel and one 500-gallon gasoline, fuel tanks, using gravity feed are on metal stands.
The tanks are setup in a cement containment pad that meets federal, state, and county regulations.

Global Positioning Systems, (GPS). The stationary GPS sending unit is mounted so that it can receive and send
data to the tractors operating in the fields. The receiving units are mounted so that they are removable and
interchangeable with several tractors.

Equipment. Farm equipment is purchased new or used, but the study shows the current purchase price for new
equipment. The new purchase price is adjusted to 60 percent to indicate a mix of new and used equipment. Annual
ownership costs for equipment and other investments are shown in the Whole Farm Annual Equipment, Investment,
and Business Overhead Costs, Table 6. Equipment costs are composed of three parts: non-cash overhead, cash
overhead, and operating costs. Both of the overhead factors have been discussed in previous sections. The operating
costs consist of repairs, fuel, and lubrication and are discussed under operating costs.

Table Values. Due to rounding, the totals may be slightly different from the sum of the components.
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UC COOPERATIVE EXTENSION
AGRICULTURAL AND RESOURCE ECONOMICS, UC DAVIS
Table 1. COSTS PER ACRE TO PRODUCE RICE
Sacramento Valley-2021

Equipment Cash and Labor Costs per Acre
Time Labor Fuel Lube Material ~ Custom/ Total Your
Operation (Hrs./Ac) Cost & Repairs Cost Rent Cost Cost
Ground Preparation:
Irrigation: Maintain laterals/Boxes/Drains 0.13 4 2 1 0 0 7
Irrigation: Maintain Interior Levees 0.12 4 6 3 0 0 13
Chisel 2x 0.28 9 16 5 0 16 46
Stubble Disc 0.12 4 7 2 0 16 29
Finish Disc 0.13 4 7 3 0 0 15
Land Level: Tri-plane 50% Ac 0.13 5 7 3 0 0 15
Land Level: GPS Laser 50% Ac 0.00 0 0 0 0 50 50
TOTAL GROUND PREP COSTS 0.92 31 45 17 0 82 175
Pre-Plant:
Fertilize: NH,OH @ 130Ibs. N/Ac 0.12 4 6 2 72 25 109
Fertilize: 12-23-20/Zinc Sulfate 0.00 0 0 0 50 20 70
Finish Roll 0.12 4 2 1 0 0 7
TOTAL PRE-PLANT COSTS 0.23 8 8 3 122 45 185
Cultural:
Trrigate: Water & Labor 0.00 44 0 0 150 0 194
Seed: Soak & Deliver 0.00 0 0 0 57 5 62
Planting: Seed - 175 Ibs./Acre 0.00 0 0 0 0 21 21
Weeds: Grasses (Butte) 0.00 0 0 0 128 12 140
Insects: Midge/Shrimp/Weevil 25% Ac (Lambda cy) 0.00 0 0 0 3 3 6
Weeds: Algae 30% Ac (Copper Sulfate) 0.00 0 0 0 6 4 10
Weeds: Broadleaf (Grandstand/Super Wham) 0.00 0 0 0 71 20 91
Weeds: Cleanup 80% Ac (Regiment) 0.00 0 0 0 24 16 40
Fertilize: Top-Dress 75% Ac (NH4SO4) 0.00 0 0 0 36 11 47
Insects: Armyworms 25% Ac (Dimilin 2L) 0.00 0 0 0 3 3 6
Disease: Fungus 80% Ac (Quadris) 0.00 0 0 0 11 10 21
Truck: Y-Ton 0.47 16 5 2 0 0 22
Truck: ¥%-Ton 0.50 17 5 4 0 0 25
TOTAL CULTURAL COSTS 0.97 76 9 5 490 105 686
Harvest:
Combine/Header 30' 0.33 11 26 47 0 0 84
Bankout Grain 0.30 10 16 7 0 0 33
Haul to Dryer & Storage 0.00 0 0 0 0 51 51
Dry & Store Rice 0.00 0 0 0 0 167 167
TOTAL HARVEST COSTS 0.63 21 42 54 0 218 335
Assessments:
Rice Research Board Assessment 0.00 0 0 0 6 0 6
California Rice Commission 0.00 0 0 0 6 0 6
TOTAL ASSESSMENTS COSTS 0.00 0 0 0 13 0 13
Post-Harvest:
Straw: Chop 100% Ac 0.25 8 4 3 0 0 14
Straw: Disc 100% Ac 0.17 6 9 4 0 0 18
Straw: Roll/Stomp 100% Ac 0.17 6 9 3 0 0 18
TOTAL POST-HARVEST COSTS 0.58 20 21 10 0 0 51
Interest on Operating Capital at 4.0 % 21
TOTAL OPERATING COSTS/ACRE 3.33 156 126 89 625 450 1,466
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UC COOPERATIVE EXTENSION

AGRICULTURAL AND RESOURCE ECONOMICS, UC DAVIS

Table 1. Continued
Sacramento Valley-2021

CASH OVERHEAD:

Land Rent 475
Liability Insurance 2
Office Expense 50
Compliance & Administration 25
Crop Insurance 18
GPS System/Activation fee 2
Property Taxes 8
Property Insurance 1
Investment Repairs 14
TOTAL CASH OVERHEAD COSTS/ACRE 595
TOTAL CASH COSTS/ACRE 2,061
NON-CASH OVERHEAD: Per Producing Annual Cost

Acre Capital Recovery

Fuel Tanks (1-1,000/1-500 Gal) 22 2 2
Service Trailer 22 2 2
Shop Building/Pole Barn 183 14 14
Shop Tools 31 2 2
Implement Carrier 19 1 1
Backhoe 28 3 3
Road Grader 94 6 6
GPS Stationary Receiver/Sender 5 1 1
GPS Receiver/Tractor (2) 5 1 1
Truck: Bobtail 5"-Wheel 90 8 8
Equipment 910 118 118
TOTAL NON-CASH OVERHEAD COSTS 1,407 158 158
TOTAL COSTS/ACRE 2,219

Rice-Medium Grain Costs & Returns Study

Sacramento Valley — 2021

UCCE, UC DAVIS-ARE

13

12.13




CALIFORNIA RICE PRODUCTION WORKSHOP V.10

UC COOPERATIVE EXTENSION
AGRICULTURAL AND RESOURCE ECONOMICS, UC DAVIS
Table 2. COSTS AND RETURNS PER ACRE TO PRODUCE RICE
Sacramento Valley- 2021

Quantity/ Price or Value or Your
Acre Unit Cost/Unit Cost/Acre Cost
GROSS RETURNS
Rice 90 Cwt 21.50 1,935
TOTAL GROSS RETURNS 1,935
OPERATING COSTS
Fertilizer: 158
Aqua Ammonia NH,OH 130.00 Lb.N 0.55 72
Starter 12-23-20 200.00 Lb. 0.23 45
Zinc Sulfate 36% 10.00 Lb. 0.52 3
Ammonia Sulfate 21-0-0 112.50 Lb. 0.32 36
Herbicide: 205
Butte 9.00 Lb. 13.05 117
Grandstand 4.80 FlOz 1.40 7
Super Wham 4.80 Qt 11.75 56
Regiment 0.33 Oz 74.00 24
Insecticide: 10
Lambda Cyhalothrin 0.77 FlOz 0.85 1
Copper Sulfate-Fine 3.00 Lb. 2.26 6
Dimilin 2L 2.00 FlOz 1.42 3
Fungicide: 11
Quadris 8.80 FlOz 1.30 11
Adjuvant: 21
Crop Oil 2.05 Gal 10.00 20
Adjuvant 3.50 Fl10z 0.22 1
Seed: 57
Seed — Rice (Medium grain) 1.75 Cwt 32.50 57
Custom: 200
GPS Laser Leveling 0.50 Acre 100.00 50
Fertilizer Rig - Aqua Ammonium 1.00 Acre 25.00 25
Ground Application — Fertilizer 1.00 Acre 20.00 20
Air Application - Dry Fertilizer 0.75 Acre 15.00 11
Seed Soaking (Chlorine) 1.75 Cwt 2.25 4
Seed Delivery 1.75 Cwt 0.70 1
Air Application — Seed 1.75 Cwt 12.00 21
Air Application - Butte 1.00 Acre 12.00 12
Air Application — Lambda Cyhalothrin 0.25 Acre 12.00 3
Air Application - Copper Sulfate 0.30 Acre 12.00 4
Ground Application — Grandstand/Super Wham 1.00 Acre 20.00 20
Ground Application - Regiment 0.75 Acre 20.00 16
Air Application — Dimilin 2L 0.25 Acre 12.00 3
Air Application — Quadris 0.80 Acre 12.00 10
Irrigation: 150
Water - Irrigation 1.00 Acre 150.00 150
Contract: 218
Hauling 102.00 Cwt 0.50 51
Drying Charge 102.00 Cwt 0.95 97
Storage Charge 90.00 Cwt 0.78 70
Assessment: 13
California Rice Research Board 90.00 Cwt 0.07 6
California Rice Commission 90.00 Cwt 0.07 6
Rent: 32
Tractor 325 HP 4WD 0.40 Hour 80.00 32
Labor: 156
Equipment Operator Labor 4.00 Hour 27.93 122
Irrigation Labor 1.00 Hour 44.09 44
Machinery: 214
Fuel-Gas 242 Gal 3.90 9
Fuel-Diesel 41.50 Gal 2.80 116
Lube 19
Machinery Repair 70
Interest on Operating Capital @ 4.00% 21
TOTAL OPERATING COSTS/ACRE 1,466
TOTAL OPERATING COSTS/CWT 16.29
NET RETURNS ABOVE OPERATING COSTS 469
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UC COOPERATIVE EXTENSION
AGRICULTURAL AND RESOURCE ECONOMICS, UC DAVIS
Table 2. Continued
Sacramento Valley- 2021

Valueor Your
Cost/Acre Cost

CASH OVERHEAD COSTS

Land Rent 475

Liability Insurance 2

Office Expense 50

Compliance & Administration 25

Crop Insurance 18

GPS System/Activation fee 2

Property Taxes 8

Property Insurance 1

Investment Repairs 14

TOTAL CASH OVERHEAD COSTS/ACRE 595

TOTAL CASH OVERHEAD COSTS/CWT 6.61

TOTAL CASH COSTS/ACRE 2,061

TOTAL CASH COSTS/CWT 22.90

NET RETURNS ABOVE CASH COSTS -126

NON-CASH OVERHEAD COSTS (Capital Recovery)

Fuel Tanks (1-1,000/1-500 Gal) 2
Service Trailer 2
Shop Building/Pole Barn 14
Shop Tools 2
Implement Carrier 1
Backhoe 3
Road Grader 6
GPS Stationary Receiver/Sender 1
GPS Receiver/Tractor (2) 1
Truck: Bobtail 5"-Wheel 8
Equipment 118
TOTAL NON-CASH OVERHEAD COSTS/ACRE 158
TOTAL NON-CASH OVERHEAD COSTS/CWT 1.76
TOTAL COST/ACRE 2,219
TOTAL COST/CWT 24.66
NET RETURNS ABOVE TOTAL COST -284
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CALIFORNIA RICE PRODUCTION WORKSHOP V.10

UC COOPERATIVE EXTENSION
AGRICULTURAL AND RESOURCE ECONOMICS, UC DAVIS
Table 4. RANGING ANALYSIS
Sacramento Valley- 2021

COSTS PER ACRE AT VARYING YIELDS TO PRODUCE RICE

YIELD (CWT)
75.00 80.00 85.00 90.00 95.00 100.00 105.00
OPERATING COSTS/ACRE:
Ground Prep 175 175 175 175 175 175 175
Pre-Plant 185 185 185 185 185 185 185
Cultural 686 686 686 686 686 686 686
Harvest 299 311 323 335 347 359 371
Assessments 11 11 12 13 13 14 15
Post-Harvest 51 51 51 51 51 51 51
Interest on Operating Capital @ 4.00% 21 21 21 21 22 22 22
TOTAL OPERATING COSTS/ACRE 1,428 1,440 1,453 1,466 1,479 1,492 1,505
TOTAL OPERATING COSTS/CWT 19.04 18.01 17.10 16.29 15.57 14.92 14.33
CASH OVERHEAD COSTS/ACRE 595 595 595 595 595 595 595
TOTAL CASH COSTS/ACRE 2,022 2,035 2,048 2,061 2,074 2,087 2,100
TOTAL CASH COSTS/CWT 26.97 25.44 24.10 22.90 21.83 20.87 20.00
NON-CASH OVERHEAD COSTS/ACRE 158 158 158 158 158 158 158
TOTAL COSTS/ACRE 2,181 2,194 2,207 2,219 2,232 2,245 2,258
TOTAL COSTS/CWT 29.08 27.42 25.96 24.66 23.50 2245 21.50
Net Return per Acre above Operating Costs
PRICE ($/cwt) YIELD (Cwt/acre)
Rice 75.00 80.00 85.00 90.00 95.00 100.00 105.00
15.50 -265 -200 -136 <71 -7 58 123
17.50 -115 -40 34 109 183 258 333
19.50 35 120 204 289 373 458 543
21.50 185 280 374 469 563 658 753
23.50 335 440 544 649 753 858 963
25.50 485 600 714 829 943 1,058 1,173
27.50 635 760 884 1,009 1,133 1,258 1,383
Net Return per Acre above Cash Costs
PRICE ($/cwt) YIELD (Cwt/acre)
Rice 75.00 80.00 85.00 90.00 95.00 100.00 105.00
15.50 -860 -795 -731 -666 -601 -537 -472
17.50 -710 -635 -561 -486 -411 -337 -262
19.50 -560 -475 -391 -306 =221 -137 -52
21.50 -410 -315 -221 -126 -31 63 158
23.50 -260 -155 -51 54 159 263 368
25.50 -110 5 119 234 349 463 578
27.50 40 165 289 414 539 663 788
Net Return per Acre above Total Costs
PRICE ($/cwt) YIELD (Cwt/acre)
Rice 75.00 80.00 85.00 90.00 95.00 100.00 105.00
15.50 -1,018 -953 -889 -824 -759 -695 -630
17.50 -868 =793 =719 -644 -569 -495 -420
19.50 -718 -633 -549 -464 -379 -295 -210
21.50 -568 -473 -379 -284 -189 -95 0
23.50 -418 -313 -209 -104 1 105 210
25.50 -268 -153 -39 76 191 305 420
27.50 -118 7 131 256 381 505 630
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CALIFORNIA RICE PRODUCTION WORKSHOP V.10

UC COOPERATIVE EXTENSION
AGRICULTURAL AND RESOURCE ECONOMICS, UC DAVIS
Table 5. WHOLE FARM ANNUAL EQUIPMENT, INVESTMENT, AND OVERHEAD COSTS
Sacramento Valley- 2021

ANNUAL EQUIPMENT COSTS
Cash Overhead
Salvage Capital
Description Price Years Life Value Recovery Insurance Taxes Total
Combine/Harvester 600,000 7 153,075 83,810 334 3,765 87,909
300 HP 4WD Tractor 300,000 10 88,615 31,253 172 1,943 33,368
95 HP 4WD Tractor 95,000 15 18,495 8,125 50 567 8,743
Combine Header 30' 80,000 7 21,771 11,006 45 509 11,560
Pickup: %-Ton 75,000 4 36,536 12,520 49 558 13,127
Disc - Offset 26' 48,000 8 10,838 6,207 26 294 6,527
Disc-Stubble 17' 45,000 8 10,160 5,819 24 276 6,119
Triplane 24' x 40' 38,000 10 6,720 4321 20 224 4,564
Bankout Wagon 41,000 8 9,257 5,302 22 251 5,575
Rice Roller 34,000 10 6,013 3,866 18 200 4,084
Pickup: %-Ton 32,000 4 15,589 5,342 21 238 5,601
Chisel 26' 24,000 7 6,123 3,352 13 151 3,516
Roller/Stomper Heavy 18' 28,000 10 4,952 3,184 15 165 3,363
Disc Ridger 12" 36,000 10 6,366 4,094 19 212 4,324
Mower - Flail 15' 14,000 10 2,476 1,592 7 82 1,682
V-Ditcher 6,700 15 643 604 3 37 644
TOTAL 1,496,700 - 397,629 190,397 839 9,472 200,708
60% of New Cost* 898,020 - 238,577 114,238 504 5,683 120,425
*Used to reflect a mix of new and used equipment
ANNUAL INVESTMENT COSTS
Salvage Capital
Description Price Years Life Value Recovery Insurance  Taxes Repairs Total
INVESTMENT
Fuel Tanks (1-1,000/1-500 Gal) 17,275 20 0 1,357 14 86 3,455 4912
Service Trailer 17,500 20 1,225 1,337 8 94 350 1,789
Shop Building/Pole Barn 146,400 20 0 11,500 162 732 2,928 15,322
Shop Tools 25,000 20 1,750 1,909 51 134 500 2,595
Implement Carrier (straddle bug) 15,500 20 1,085 1,184 7 83 310 1,584
Backhoe 22,000 15 1,540 2,011 10 118 440 2,579
Road Grader 75,000 25 5,250 5,075 36 401 1,500 7,012
GPS Stationary Receiver/Sender 3,675 10 0 470 2 18 74 564
GPS Receiver/Tractor (2) 3,770 10 0 482 2 19 75 578
Truck: Bobtail 5%-Wheel 72,000 15 5,040 6,582 34 385 1,440 8,441
TOTAL INVESTMENT 398,120 - 15,890 31,907 326 2,070 11,072 45,375
ANNUAL BUSINESS OVERHEAD COSTS
Units/ Price/ Total
Description Farm Unit Unit Cost
Land Rent 800 Acre 475 380,000
Liability Insurance 800 Acre 1.83 1,464
Office Expense 800 Acre 50 40,000
Compliance & Administration 800 Acre 25 20,000
Crop Insurance 800 Acre 18 14,400
GPS System/Activation fee 800 Acre 2.00 1,600
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CALIFORNIA RICE PRODUCTION WORKSHOP V.10

UC COOPERATIVE EXTENSION
AGRICULTURAL AND RESOURCE ECONOMICS, UC DAVIS
Table 6. HOURLY EQUIPMENT COSTS
Sacramento Valley- 2021

Cash Overhead Operating

Capital Lube & Total
Description Rice Hours Used Recovery Insurance Taxes  Repairs Fuel Total Oper. Costs/Hr.
300 HP 4WD Tractor 1,101 11.72 0.06 0.73 15.29 48.75 64.04 76.56
95 HP 4WD Tractor 440 6.09 0.04 0.43 3.78 13.06 16.84 23.40
Bankout Wagon 200 12.72 0.05 0.60 5.71 0.00 5.71 19.09
Chisel 26' 227 7.06 0.03 0.32 5.17 0.00 5.17 12.58
Combine/Harvester 293 167.62 0.67 7.53 115.53 70.00 185.53 361.35
Combine Header 30' 267 22.01 0.09 1.02 14.00 0.00 14.00 37.13
Disc - Offset 26' 107 14.90 0.06 0.71 8.02 0.00 8.02 23.69
Disc Ridger 12' 93 12.28 0.06 0.64 5.94 0.00 5.94 18.91
Disc-Stubble 17' 227 250 13.97 0.06 0.66 7.52 0.00 7.52
Mower - Flail 15' 200 4.78 0.02 0.25 5.90 0.00 5.90 10.95
Pickup: /2-Ton 373 6.41 0.03 0.29 3.86 9.75 13.61 20.33
Pickup: %-Ton 400 15.02 0.06 0.67 7.08 9.75 16.83 32.58
Rented 325 HP 4WD Tractor 249 0.00 0.00 0.00 7.92 52.81 60.73 60.73
Rice Roller 93 11.60 0.05 0.60 3.90 0.00 3.90 16.15
Roller/Stomper Heavy 18' 133 9.55 0.04 0.49 3.21 0.00 321 13.30
Triplane 24'x40' 108 8.64 0.04 0.45 5.84 0.00 5.84 14.97
V-Ditcher 107 2.73 0.01 0.17 1.83 0.00 1.83 4.73
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CALIFORNIA RICE PRODUCTION WORKSHOP V.10

UC COOPERATIVE EXTENSION
AGRICULTURAL AND RESOURCE ECONOMICS, UC DAVIS
Table 7. OPERATIONS WITH EQUIPMENT & MATERIALS

Sacramento Valley- 2021

Operation Labor Type/ Rate/

Operation Month Tractor Implement Material acre Unit
Irrigation: Maintenance ~ Apr 95 HP 4WD Tractor V Ditcher Equipment Operator Labor 0.16 Hour
Irrigation: Maintenance ~ Apr 300 HP 4WD Tractor Disc Ridger - 12' Equipment Operator Labor 0.14 Hour
Chisel 2x Apr Rented 325 HP 4WD Chisel - 26' Equipment Operator Labor 0.14 Hour

Tractor 325 HP 4WD 0.20 Hour

Apr 300 HP 4WD Tractor Chisel - 26' Equipment Operator Labor 0.20 Hour

Stubble Disc Apr Rented 325 HP 4WD Stubble Disc 17' Equipment Operator Labor 0.14 Hour
Tractor 325 HP 4WD 0.20 Hour

Finish Disc Apr 300 HP 4WD Tractor Disc - Offset 26' Equipment Operator Labor 0.16 Hour
Land Level: Tri-plane Apr 300 HP 4WD Tractor Triplane 24' x 40' Equipment Operator Labor 0.16 Hour
Land Level: GPS Laser  Apr GPS Laser Leveling 0.50 Acre
Fertilize: Pre-plant Apr 300 HP 4WD Tractor Equipment Operator Labor 0.14 Hour
Aqua Ammonia NH,OH 130.00 Lb.N

Fertilizer Rig - Aqua 1.00 Acre

Fertilize: Starter Apr 12-23-20 200.00 Lb.
Zinc Sulfate 36% 10.00 Lb.

Ground Application-Fertilizer 1.00 Acre

Finish Roll Apr 95 HP 4WD Tractor Rice Roller Equipment Operator Labor 0.14 Hour
Irrigate: Water & Labor ~ May Irrigation Labor 0.20 Hour
Water - Irrigation 0.20 Acre

June Irrigation Labor 0.20 Hour

Water - Irrigation 0.20 Acre

July Irrigation Labor 0.20 Hour

Water - Irrigation 0.20 Acre

Aug Irrigation Labor 0.20 Hour

Water - Irrigation 0.20 Acre

Sept Irrigation Labor 0.20 Hour

Water - Irrigation 0.20 Acre

Seed: Soak & Deliver May Seed - Rice 1.75 Cwt
Soaking (Chlorine) Seed 1.75 Cwt

Delivery - Seed 1.75 Cwt

Planting: 175 Ibs./Ac May Air Application - Seed 1.75 Cwt
Weeds: Grasses May Butte 9.00 Lb.
Crop Oil 1.00 Gal

Adjuvant 3.50 FlOz

Air Application - Butte 1.00 Acre

Insects: Midge/Shrimp May Lambda Cyhalothrin 0.77 FlOz
Air Application — Lambda Cy 0.25 Acre

Crop Oil 0.25 Gal

Weeds: Algae 30% Ac May Copper Sulfate Fine 3.00 Lb.
Air Application -Copper 0.30 Acre

Weeds: Broadleaf June Grandstand 4.80 FlOz
Crop Oil 0.80 Gal

Super Wham 4.80 Qt

Ground Application - S/G 1.00 Acre

Weeds: Cleanup 80% Ac  June Regiment 0.33 Oz
Ground Application-Regiment 0.80 Acre

Fertilize: Top-Dress July 21-0-0 Ammonia Sulfate 112.50 Lb.
Air Application-Dry Fertilizer 0.75 Acre

Insects: Armyworms July Dimilin 2L 2.00 FlOz
Air Application — Dimilin 2L 0.25 Acre

Disease: Fungus 80% Ac  July Quadris 8.80 FlOz
Air Application - Quadris 0.80 Acre

Truck 1/2 Ton July Pickup - 1/2 Ton Equipment Operator Labor 0.56 Hour
Truck 3/4 Ton July Pickup - 3/4 Ton Equipment Operator Labor 0.60 Hour
Combine/Header Sept Combine/Header 30 Equipment Operator Labor 0.40 Hour
Bankout Grain Sept 300 HP 4WD Tractor Bankout Wagon Equipment Operator Labor 0.36 Hour
Haul to Dryer & Storage  Sept Hauling 102.00 Cwt
Dry & Store Rice Oct Drying Charge 102.00 Cwt
Storage Charge 90.00 Cwt

Straw: Chop 100% Ac Oct 95 HP 4WD Tractor Mower - Flail 15' Equipment Operator Labor 0.30 Hour
Straw: Disc 100% Ac Oct 300 HP 4WD Tractor Disc - Stubble 17' Equipment Operator Labor 0.20 Hour
Straw: Roll/Stomp 100%  Oct 300 HP 4WD Tractor Roller/Stomper Heavy 18' Equipment Operator Labor 0.20 Hour
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Agronomy Fact Sheet

Fact Sheet #2

Managing Potassium in Rice Fields

Why Is It Important?

Potassium (K) is an essential nutrient for rice. It is
important to have good K fertility not only for
optimizing yields, but also K helps reduce the
severity of some common plant diseases that we
see (e.g. aggregate sheath spot and stem rot).

Deficiency Symptoms

K deficiency symptoms include (1) yellow/brown
leaf margins, (2) dark brown spots on leaf surface,
and (3) leaf bronzing (Figure 1).

X

Figure 1. Potassium deficiency symptoms. Yellow leaf
margins and bronzing (top); brown spots (bottom).
Source: top - IRRI (Rice Knowledge Bank), bottom -
AgFax.

Potassium Fertilizers

In this Fact Sheet, we will be referring to
elemental K, unless otherwise specified. To
convert to K20, multiply elemental K value by 1.2.
The most common K fertilizer sources for rice are
potassium chloride (muriate of potash; 60% K,0)
and potassium sulfate (sulfate of potash; 44%
K20). Potassium nitrate is a common K fertilizer,
however, it is generally advisable to avoid
applying nitrate to rice fields, as it is highly
susceptible to losses under flooded conditions.

How Much Potassium Is in a Rice Crop?

Rice takes up about the same amount of Kas N
during the growing season (about 150 Ib K/ac in a
90 cwt yielding field). However, less K is usually
applied as fertilizer because the soil supplies
much of the K needs. At harvest, about 20% of
the K is in the grain and 80% in the straw (grain is
0.29% K and straw 1.4% K). For example, in a field
where the yield is 90 cwt, there is about 26 |b
K/ac in the grain and 126 |b K/ac in the straw.

Maintaining Soil K Balances

If only grain is removed, roughly 26 Ib K/ac (31 Ib
K20/ac) is removed in a 90 cwt yielding crop. This
amount would need to be replaced to be applied
to maintain soil K balances.

Straw removal has a large impact on K fertility.
For modern, high yielding varieties, the amount
of straw in a field is roughly equal to the amount
of grain harvested from the field. Therefore, in a
field that yielded 90 cwt, there is 4.5 tons of rice
straw. For every ton of straw removed, about 28
Ib K/ac (34 Ib K;0/ac) is removed with it (most



bailing operations remove about 40-80% of the
straw). If this K is not replaced, depending on soil,
the soil K reserves will become depleted and K
deficiency symptoms will begin to appear with
time.

Determining K Deficiencies

In the Sacramento Valley, K deficiencies are most
common in soils with a low clay content and those
on the eastern side of the Sacramento Valley
(including the red soils). Plant sampling is a good
way to determine a deficiency; however, by the
time a deficiency is determined, it may be too late
to correct. A Y-leaf sample taken between tillering
and panicle initiation should have a K concentration
of 1.5% or more. A flag-leaf sample taken around
heading should have a K concentration of 1.2% or
more.

Soil testing is another good option. The most
common soil test is the ammonium acetate
(NH1O0AC) extractable K test. With this method,
when soil extractable K is less than 60 ppm, K
fertilizer is definitely needed. If extractable K is
between 60 and 120 ppm, K fertility is on the lower
end and it is likely that deficiency symptoms may
appear. In a study conducted on 55 California rice
fields, if the extractable K levels were below 120
ppm, 27% of the fields showed K deficiency
symptoms (low flag-leaf K values). Another soil test
is the percent base saturation of K. If the K
saturation is 1.6% or less then you should consider
adding K fertilizer.

Soil Sampling Considerations

When testing the soil for K, be mindful of how you
sample. In a study we did of 55 rice fields, we found
that in 70% of the fields, the bottom check had
higher K levels than the top check. This may be for

a couple of reasons. First, it may be a legacy of field
leveling. When leveling a field, it is likely that top
soil (higher in K) is moved from the upper part (top
check) of the field to the lower part (bottom check).
A second reason is that K is relatively mobile in
water and irrigation water can push K from the top
checks to the lower checks in the field.

Other Considerations

Irrigation water is a source of K. In California well
water had the highest and most variable K
concentration (1.8 ppm), followed by the
Sacramento river (1.2 ppm) and rivers coming from
the Sierra Nevada mountain range (0.9 ppm).

Burning rice straw does not remove K, however the
ash which contains the K can blow around the field
resulting in non-uniform distribution.

For more on this topic:

v Agronomy Research and Information Center-Rice:

rice.ucanr.edu

v Dobermann, A and T. Fairhurst. 2000. Rice: Nutrient
Disorders & Nutrient Management. International Rice
Research Institute.

v Linquist, B.A., M. Ruark, R. Mutters, C. Greer, and J. Hill.
(2014). Nutrients and sediments in surface runoff water
from rice fields: Implications for nutrient budgets and
water quality. Journal of Environmental Quality 43:1725-
1735.



Agronomy Fact Sheet

Fact Sheet #7

Managing Phosphorus in California Rice Fields

Why is it Important?

Phosphorus (P) is the second most commonly
applied fertilizer to rice (nitrogen is the first). Plants
use P for membrane integrity, energy storage and
phloem transport. Phosphorus deficiencies are not
common in California as many farmers apply P
fertilizer (on average, 40-45 lb P,Os/ac). However,
in a recent study, we found 10% of fields tested to
be deficient. With farmers achieving higher yields,
deficiencies may become more common unless P
fertilizer rates are increased.

Deficiency Symptoms & Critical Levels

Deficiency symptoms often diminish with time but
include: Stunted dark green plants, narrow leaves,
reduced tillering, and delayed flowering.

Figure 1. Phosphorus deficiency symptoms showing
narrow dark green leaves.

The Olsen-P soil test (sodium-bicarbonate) is the
best test for identifying P-deficient rice soils in
California. The Bray test does not work as well. An
Olsen P value above 6-9 ppm is indicative of a soil
that is not P deficient.

For plant tissue, if the Y-leaf P concentration at 35
days after seeding (DAS) is below 0.2% P, then a
deficiency is possible.

Soil Phosphorus Budgets

A P budget accounting for all of the P fertilizer
added and removed in grain or straw over the
past five years also provides a good indicator of
soil P status. If more P has been removed from
the soil than has been applied, it is likely the soil
P status is low (Table 1). Importantly, at harvest,
about 70% of the P in the plant is in the grain;
therefore, P removal in grain is the major
pathway that P is removed from the system. Very
little P is lost via leaching or in the tailwater
drain. Given that these losses are low, it is
possible to build up P in the soil.

The Four Rs of P Fertilizer Management

Right rate: First ask, should you apply? If your
soil test levels are high (>15 ppm Olsen P), you
probably do not need to apply any P fertilizer. If
soil P levels are between 6 and 15 ppm Olsen P,
apply the maintenance application rate. If Olsen
P levels are below 6 ppm consider build-up
application rates (rates higher than
maintenance). To calculate the maintenance
application rate you can go to
“rice.ucanr.edu/P_Budget_calculator/”.
However, Table 1 provides general guidelines
that will give you a rough estimate based on your
expected yields and straw management.

Right time: Phosphorus fertilizer can be applied
anytime from before flooding to about 30 DAS
for optimal yield response. Applying P before
planting can lead to algae (scum) build up in the
water and lead to poor stand establishment (Fig.
2). This is especially the case when the P fertilizer



is not incorporated or the water temperatures are
warm. If scum is an issue, P can be applied into the
water up to 30 DAS.

Right place: If applied before flooding, it should be
incorporated into the soil to help reduce scum.

Table 1. The amount of P removed (hence the amount
required to maintain soil P levels) from the field based
on rice grain yields and straw management. Removing
straw (i.e. bailing) assumes 50% of straw is removed.
Retained straw includes any operation (including
burning) where straw remains in the field after harvest.

Grain Straw Maintenance P
yield management fertilizer requirement
(cwt/ac) Ib P2Os/ac
70 Retained 36

70 Removed 44

80 Retained 42

80 Removed 50

90 Retained 47

90 Removed 56
100 Retained 52
100 Removed 63

Right source: The most common P sources are
various forms of calcium phosphates or ammonium
phosphates (e.g. 16-20-0; 11-52-0). In California,
ammonium phosphates are most commonly
available, thus the application of P also includes
nitrogen. In general, we recommend using a P
source with the lowest amount of N because the
more N applied as agua-ammonia, the more
efficient the N uptake.

Manure is also a source of P and can contain a
relatively high amount of P (especially poultry).
Thus, organic rice field soils often have high soil P
values. The nutrient content of manure is highly
variable and depends on a number of factors
including the source, how it has been stored, and
its moisture content.

Figure 2. Rice field early in the season with algae (scum)
on the water surface, which prevents good stand
establishment.

For more on this topic:

v" Agronomy Research and
rice.ucanr.edu

v" Dobermann, A and T. Fairhurst. 2000. Rice: Nutrient
Disorders & Nutrient Management. International Rice

Information  Center-Rice:

Research Institute.

v’ Linquist, B.A. and M.D. Ruark. 2011. Re-evaluating
diagnostic phosphorus tests for rice systems based on soil
phosphorus fractions and field level budgets. Agronomy
Journal 103:501-508.

v" Lundy, M.E., D.F. Spencer, C. van Kessel, J.E. Hill and B.A.
Linquist. 2012. Managing phosphorus fertilizer to reduce
algae, maintain water quality, and sustain yields in water-
seeded rice. Field Crops Research 131:81-87.

v' Spencer, D. and B.A. Linquist. (2014) Reducing rice field
algae and cyanobacteria by altering phosphorus fertilizer
applications. Paddy and Water Environment 12:147-154.



Agronomy Fact Sheet

Fact Sheet #6

Managing Rice with Limited Water

Background

During drought years water deliveries are often
restricted. In these situations, how can you use
the least amount of water to grow rice without
reducing yields? Based on past studies, the
amount of water delivered to rice fields varies
widely (i.e. 4 to 7.7 ft). This water is lost as
evapotranspiration, percolation and seepage, and
tailwater drainage (Figure 1).

Figure 1. Ranges in water inputs and potential losses
from California rice fields.

Best Practices to Conserve Water while not
Reducing Yields

Avoid fields that have high percolation. In most
California rice soils, water percolation rates are low
due to the high clay soils that rice is typically grown
on. However, some soils may have high percolation
rates due to a highly permeable layer or old creek
bed that runs through the field. When water is in
short supply, consider fallowing these fields.

Avoid early planting. Planting early increases
water use because planting occurs during a cooler
time of the year. Since crop duration is dependent
on temperature (growing degree days), early
planting extends the duration of the crop, thus

needing to be irrigated for longer and increasing
ET and percolation/seepage losses.

Short duration varieties. Choose shorter duration
varieties which reduce the time the field has to be
flooded. Rice typically needs to be flooded from
planting to reproductive stage R7 (R7, when one
kernel on the main panicle is yellow; about 3
weeks after heading). Table 2 gives an indication
of the differences flooding period by variety.

Table 1. Days to from planting to R7 for different
varieties grown in California

Variety Days to reach R7*
M-105, S-102, CM-101 99-102

M-206, M-210 105

M205, M-209, M-211 108-112

M-410, M-402 124-128

* Days from planting to R7 (typically when it is time to
safely drain) for different California rice varieties at the
Rice Experiment Station. These days are to be used for
comparison among varieties. Actual days to R7 will vary
depending on year and location in the Sacramento Valley.

Don’t spill. Rice can be grown using 3.5 to 4 ft of
water (depends on the percolation and seepage
characteristics of the field) if there is no tailwater
drainage (Figure 1). Tailwater drainage results
the herbicide
applications, maintenance flow, and draining the

from lowering water for

field at the end of the season for harvest. No-spill

(no tailwater) closer

management of irrigation water and planning for

practices  require
upcoming events where water may need to be
lowered. With no-spill management, yields can be
maintained as long as the irrigation water has
relatively low salinity (<0.6 dS/m) and soils are not
saline. Most California rice fields receive irrigation
water that has low salinity.



Fix leaks. Leaks around outlet boxes or in levees can
result in significant water loss. These leaks can be
caused by water erosion, crayfish, or rodents. Fields
should be routinely monitored for such leaks and
leaks repaired.

Figure 2. Leak near outlet caused by crayfish.

Don’t drain at the end of the season. It is common
to pull outlet boards at the end of the season to
drain the field in preparation for harvest, resulting in
significant tailwater drainage losses. Instead,
growers should turn off irrigation before needing to
drain and allow the water to naturally subside rather
than drain the field. Determining when the irrigation
water can be turned off depends on how much
water is in the field, climate, and soil properties.
Fields with heavy clay soils can safely have no
standing water 21 to 24 days after 50% heading

without risking yield loss and grain quality.

Dry- versus water-seeding. While it may seem
dry/drill
necessarily require less water than water-seeding. In

counter intuitive, seeding does not
California, dry seeding usually requires two or three
flushes of irrigation water to establish the crop
before a permanent flood is established. These

flushes require a lot of water. Once the field is

flooded the water has to be drained resulting in high
tailwater losses. Dry seeding can use less water if rice
seed is planted to moisture which reduces the need
to flush the field (or number of times field is flushed)
in order to germinate the seed and establish the crop.

Figure 4. Drill seeded rice field before permanent flood.

For more on this topic:

v" Agronomy Research and Information Center-Rice:

rice.ucanr.edu

v" View video at http://ucanr.edu/insights.

v Linquist, B.A. et al. (2015) Water balances and
evapotranspiration in water- and dry-seeded rice systems.
Irrigation Science 33:375-385.

v' Montazar, A. et al. (2017) A crop coefficient curve for
paddy rice from residual of the energy balance
calculations. Journal of Irrigation and Drainage Engineering.
143(2) doi: 10.1061/(ASCE)IR.1943-4774.0001117.

v" Marcos, M, et al. (2018) Spatio-temporal salinity dynamics

and yield response of rice in water-seeded rice fields.
Agricultural Water Management 195:37-46.
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Managing Water Salinity in Rice Fields

Background

Rice yields are sensitive to salinity, so it is im-
portant to monitor and manage fields to prevent
high salt concentrations from developing. High
water salinity can reduce rice yield by decreasing
stand density, reducing plant growth, and increas-
ing pollen sterility. In most CA rice fields, salinity
is not a problem. However, if using recycled wa-
ter or well water for irrigation, or if soils have high
salinity, then salinity may be a problem.

Figure 1. Most of the water delivered to rice fields in
California is good quality and has low salinity. Howev-
er, recycled water and water from wells can have high
salinity which may affect rice growth and yields.

When Can High Water Salinity Lead to
Yield Loss?

In rice fields, when average flood water salinity is
greater than 0.88 dS/m, yields begin to decline
(Figure 2). This yield threshold is lower than the
previous report of 1.9 dS/m.

Figure 2. The relationship between yield and season aver-
age field water salinity (ECs,).

Where is Salinity a Problem in Fields?

Salinity in a field increases as the distance from the
irrigation inlet increases (Figures 3 &4) due to evapo-
concentration (evaporation causing salts to concen-
trate in the remaining water). As water moves down
a field, it experiences more evapo-concentration and
thus higher water salinity in bottom checks. For a
100 ac field, water salinity at the bottom of the field
is roughly 50% higher than the irrigation water enter-
ing the field. Water salinity is also higher in stagnant
areas of the check with no water flow (Figure 4, left).

When in the Growing Season is Flood Water
Salinity the Highest?

Flood water salinity is highest early in the season
(Figure 3) due to:

e Low canopy cover early in the season resulting in
high rates of evapo-concentration (from temper-
ature and wind).

e Holding water or allowing water to subside early
in the season, primarily for herbicide applica-
tions, concentrates salts in the field water.



Figure 3. Water salinity varies over time and location
within a rice field. Average relative water EC (field wa-
ter salinity relative to irrigation water salinity) during
the growing season in the top (plot A1), middle (plot
B2), and bottom checks (plot C3). Average water
depth in the bottom check (dark solid line) is shown on
the right axis. Error bars represent standard error.

Managing Salinity

o lrrigation water should have an EC below 0.6
dS/m — For an averaged sized field this will
help ensure that the field water salinity does
not increase beyond the 0.88 dS/m vyield
threshold at the bottom of a field.

e Change water flow path — Salinity builds-up in
stagnant parts of the field. Changing the wa-
ter flow path will reduce salinity hot spots
from developing (Figure 4).

e Early in the season when salinity is highest,
allow for spillage and maintain higher water
levels — This may not be possible in drought
years or with certain herbicide programs.

¢ Smaller fields and multiple side inlets — The
distance water travels in a field determines
the build-up of water salinity. Larger fields
will have greater water salinity build-up in the
bottom of the field. Smaller fields and multi-
ple inlets should be considered in areas that
have saline soils or that receive irrigation wa-
ter high in salinity.

Figure 4. The diagram on left shows a field with water run-
ning down one side of the field and how flood water salini-
ty (increasing darkness of the circle) is concentrated on
one side of the field. Changing the water flow path (shown
on right) the water flow path is forced through the high
salinity areas and helps flush out the high salinity water.

For more on this topic:

e  Marcos et al. (2018) Spatio-temporal salinity dynamics and
yield response of rice in water-seeded rice fields. Agric.
Water Mgmt. 195:37-46.

e Scardaci et al. (2002) Water management practices can
affect salinity in rice fields. California Agriculture 56:184-
188.

e Grattan et al. (2002) Rice is more sensitive to salinity than
previously thought. California Agriculture 56:189-195.

Agronomy Research and Information Center

http://agric.ucdavis.edu/

Authors: Bruce Linquist
(2023)
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Fact Sheet #9

Optimal and Critical Nutrient Concentrations in Rice Tissue

Background

Nutrient deficiencies or toxicities can be hard to
determine visually.
concentration in the plant can greatly facilitate

Knowing

the

nutrient

understanding problems in the field. Table 1

provides some overall guidelines as to what is
optimal, low or excessive (and therefore possibly
toxic) for rice plant tissues.

Table 1. Optimal, critical and excessive or toxic nutrient concentration for rice at differ crop stages (panicle
initiation - Pl). Data source (Dobermann and Fairhurst, 2000; Williams 2010 in “()”). *see note on nitrogen in text.

Growth Critical level Critical level for
Element stage Plant part Optimum Range for deficiency  excess or toxicity
Nitrogen* Tillering-PI Y-leaf 2.9-4.2% (3.2-3.6%)  <2.5% (<3.2%) >4.5%
Flowering Flag-leaf 2.2-2.5% (2.8-3.2%)  <2.0% (<2.8%)
Maturity Straw 0.6-0.8%
Phosphorus  Tillering-PI Y-leaf 0.2-0.4% <0.10% >0.50%
Flowering Flag-leaf 0.2-0.3% <0.18%
Maturity Straw 0.1-0.15% <0.06%
Potassium Tillering-PI Y-leaf 1.8-2.6% <1.5% >3.0%
Flowering Flag-leaf 1.4-2.0% <1.2%
Maturity Straw 1.5-2.0% <1.2%
Zinc Tillering-PI Y-leaf 25-50 ppm <20 ppm >500 ppm
Tillering Shoot 25-50 ppm <10 ppm >500 ppm
Sulfur Tillering Y-leaf <0.16%
Tillering Shoot 0.15-0.30% <0.11%
Flowering Flag-leaf 0.10-0.15% <0.10%
Flowering Shoot <0.07%
Maturity Straw <0.06%
Silica Tillering Y-leaf <5%
Maturity Straw 8-10% <5%
Magnesium  Tillering-PI Y-leaf 0.15-0.30% <0.12% >0.5%
Tillering-PI Shoot 0.15-0.30% <0.13%
Maturity Straw 0.20-0.30% <0.10%
Calcium Tillering Y-leaf 0.2-0.6% <0.15% >0.7%
Tillering-PI Shoot 0.3-0.6% <0.15%
Maturity Straw 0.3-0.5% <0.15%
Iron Tillering Y-leaf 75-150 ppm <70 ppm >300 ppm
Tillering Shoot 60-100 ppm <50 ppm
Manganese Tillering Y-leaf 40-700 ppm <40 ppm >800 ppm
Tillering Shoot 50-150 ppm <20 ppm
Copper Tillering Y-leaf 7-15 ppm <5 ppm >25 ppm
Maturity Straw <6 ppm >30 ppm
Boron Tillering Y-leaf 6-15 ppm <5 ppm >100 ppm
Maturity Straw <3 ppm >100 ppm
Aluminum Tillering Shoot 15-18 ppm <5 ppm >100 ppm




Some Considerations

Table 1 is based on data largely from Asia. That said,
most values presented align very close to what
would be expected in California. The main difference
is in the leaf nitrogen levels, where the optimal N
concentration or the critical level may be a bit higher
for California. This may be due to the higher yield
potential for California.

Nutrient concentrations in the plant vary among
tissues (leaves, stems, etc.) and over time.
Therefore, it is important to sample the correct
plant tissue at the correct time.

Importantly, when trying to determine a problem, a
nutrient’s optimal and critical concentration
assumes that all other nutrients are at optimal
levels. Therefore, if more than one nutrient is
deficient and/or toxic, it may not be possible to
accurately determine the problem.

One disadvantage with determining a problem using
plant tissue is that many times it cannot be
corrected in the current season. Often the problem
is noticed late in the season and it can take further
time to get lab results. Nevertheless, the
information is valuable for the next season.

Sampling Plant Tissue

e The Y-leaf is the uppermost fully extended leaf
with a visible collar (Fig. 1). The flag-leaf is the
top-most leaf below the panicle (Fig. 1). That
said the flag-leaf can be taken in the later stages
of booting before the panicle has emerged.

e When taking a sample, do not take the sample
from just one small area, but get a
representative sample from across the area in
guestion. Take at least 20-30 leaf samples.

e When there are areas of your field with a
problem and other areas that look good, take
separate plant samples from both the problem
and the good areas for analysis. This will further
help determine what the problem may be.

There needs to be enough tissue material for
analysis and this may depend on the lab to
which the samples are being sent. Be sure to
follow the instructions provided by the
laboratory for sampling, handling, and
packaging the material before sending to the
laboratory.

Figure 1. Rice Y-leaf and flag-leaf. Flag leaf is taken
at flowering.

For more on this topic:

v

Dobermann, A. and T.H. Fairhurst. 2000. Rice: Nutrient
Disorders and Management. International Rice
Research Institute

Williams, J.F. 2010. Rice Nutrient Management in
California. University of California, Agriculture and
Natural Resources. Publication 3516

Agronomy Research and Information Center-Rice:
rice.ucanr.edu
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Fact Sheet #1

Nutrients in Rice Grain and Straw at Harvest

Background

Knowing the amount of nutrients in a rice crop at
harvest time is important for several reasons.

1. It provides an idea of the crop’s nutritional
needs. Some of these nutrients are applied
routinely in fertilizer applications, while others
are readily available from the soil or irrigation
water.

2. It helps us understand how to better manage
soil nutrient balances. Grain (and the nutrients in
it) are removed from the field at harvest while
straw may or may not be removed.

3. The nutrient composition of straw has
implications for how it can be used.

Nutrient Concentration of Grain and Straw

Table 1 provides the nutrient concentration of
grain and straw at harvest, the amount of nutrients

in a crop that yields 10,000 Ib/ac (100 cwt/ac),
and the amount of nutrient in a ton of grain and
straw at harvest. The concentration data are from
Dobberman and Fairhurst (2000) and are based on
numbers from Asia; however, based on our
research in California, we have found the values to
be similar.

Key Takeaways

1. At harvest, most of the crop N and P is in the
grain. This is why N and P fertilizer are typically
applied in the largest amounts.

2. How much straw is in a rice field and how much
is removed if it is bailed? For most modern high
yielding varieties, the amount of straw is roughly
equal to the grain yield. That is, if the grain yield is
10,000 Ib/ac then there is about 10,000 Ib/ac of
straw. The amount of straw removed during a

bailing operation depends on how low the straw

Table 1. Nutrient concentration, the amount of nutrient in a crop that yields 10,000 Ib/ac (100 cwt/ac), and the
amount of nutrient in a ton of either straw or grain at harvest. Source of concentration data (Dobermann and

Fairhurst, 2000).

Amount in Amount Amount in Amount
Nutrient Concentration 100 cwt/ac Concentration 100 cwt/ac
. per ton . per ton
yield yield
% Ib/ac Ib/ton % Ib/ac Ib/ton
Grain Straw
Nitrogen 1.1 110 22 0.65 65 13
Phosphorus* 0.2 20 4 0.1 10 2
Potassium* 0.29 29 5.8 1.4 140 28
Calcium 0.05 5 1 0.3 30 6
Magnesium 0.15 15 0.2 20 4
Sulfur 0.1 10 2 0.075 7.5 1.5
Silicon 2 200 40 5.5 550 110
Zinc 0.002 0.2 0.04 0.003 0.3 0.06
Iron 0.025 2.5 0.5 0.035 3.5 0.7
Manganese 0.005 0.5 0.1 0.045 4.5 0.9
Copper 0.001 0.1 0.02 0.0003 0.03 0.006
Boron 0.005 0.5 0.1 0.001 0.1 0.02

* To convert P to P,0s multiply P by 2.29. To convert K to K;O multiply K by 1.2.




is cut before bailing. It is unlikely that all the straw is
removed; typically, 40 to 80% of the total amount of
straw may be. In a field that yields 100 cwt/ac that
would amount to 2 to 4 ton of straw being removed
per acre.

3. The straw contains a lot of K and Si. Given these
high concentrations, when rice straw is burned
there is a lot of ash which can be an issue for some
applications. Potassium is a big concern as continual
removal of straw will result in soil K deficiencies.

4. Retaining straw in the field during the fallow. It
is common practice to leave the straw in the field
during the winter fallow period. Growers need to
make sure that the rice straw decomposes during
the winter. This is facilitated by incorporating the
rice straw and flooding the field. Doing this ensures
nutrients from the straw are retained in the field and
available for the next crop. Good decomposition is
important so that the straw does not bind
(immobilize) N fertilizer the following growing
season.

5. What if straw is removed? When the straw is
removed (Fig. 1), nutrients are also removed that
need to be replaced (Table 1). Potassium is removed
in the largest quantities, but N is also removed.
While not all of the N in rice straw is available in the
next season, research has found that fertilizer N
inputs can be reduced by about 25 Ib N/ac if straw is
retained in the field. Silica is also removed in large
guantities, but it is not normally deficient as
adequate amounts are usually provided from soil
and irrigation water.

6. What happens if rice straw is burned? Many of
the nutrients remain in the field when the straw is
burned; however, most N and S are lost in the
burning process. Furthermore, since ash can be
blown around the field, the nutrients contained in
the ash may not be uniformly distributed in the field.

Figure 1. Rice straw bailing in the Sacramento Valley.

For more on this topic:

v" Dobermann, A. and T.H. Fairhurst. 2000. Rice: Nutrient
Disorders and Management. International Rice Research
Institute

v' Agronomy Research and Information Center-Rice:
rice.ucanr.edu
v Phosphorus Budget Calculator for rice:

rice.ucanr.edu/P_Budget_calculator

v" Nader, G.A. and P.H. Robinson. A. 2010. Rice Producers’
Guide to Marketing Rice Straw.
https://anrcatalog.ucanr.edu/pdf/8425.pdf
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Fact Sheet #5

Growing Season Water Use in California Rice Systems

Overview

In California, there is very little to no rainfall
during the rice growing season, so this is not
usually considered in water budgets. On average,
about 5 acre feet/acre (AF/ac) of irrigation water
is applied to a rice field during the growing
season. Evapotranspiration is not highly variable
but ranges from 2.4 to 2.8 ft (29-34 in). On most
rice soils percolation (the downward flow of water
below the root zone), is about X ft during the
season but this can be highly variable depending
on soil type. Seepage (lateral movement of water
out of field) is also highly variable, but on average
is about X ft. Tailwater drainage is also highly
variable and can range from 0 to 3 AF/ac.

Figure 1. Ranges in water inputs and losses from
California rice fields. Seepage and percolation ranges
are based on indirect measurements.

Importantly, water lost as evapotranspiration
cannot be reused. However, water lost in tailwater
drainage and seepage can be reused down stream
to irrigate other fields. Water lost via percolation
recharges aquafers or streams.

At a minimum, enough water needs to be applied
to meet the seasonal ET demand and make up for
losses due to percolation and seepage. This is
roughly 3.5 AF/ac. However, fields and how they
are managed are highly variable, and this may

require additional applied water. Some of these
factors are discussed next.

Factors Resulting in Water Use Variability

Percolation and seepage losses: On average,
these losses are very low in most California rice
fields due to the heavy clay soils or the presence
of a hard pan. However, on coarse textured soils
or where the field may be located over an old
stream bed (have a gravel or sand bed
underneath) percolation and seepage rates may
be higher.

Soil water storage: Depending on how dry the
soil below the tilled layer is at the start of the
season affects how much water is required to
initially flood a field. If the winter and spring have
been dry, it may take more water to initially flood
a field than in wet years when the soil below the
plow layer is still relatively wet.

Early season drains: Water may need to be
drained from the field during the first few weeks
of a season for a number of reasons. First, some
growers practice the Leather’s method which is
draining the field for a few days shortly after
planting. This prevents damage to the stand from
winds churning up the water, which dislodges
seedlings. Draining early may also reduce tadpole
shrimp damage. The field is flooded after the
young seedlings have anchored their roots in the
soil (usually 2-5 days after draining). Second,
fields are drained for certain herbicide
applications (pinpoint drain), usually around 3-4
weeks after planting. Some herbicides require
that the weeds be exposed; thus the field needs
to be drained.



Increasing water height during booting: Pollen
formation occurs during booting (between panicle
initiation and heading) which usually occurs during
the last half of July. Developing pollen is very
susceptible to cold temperatures, which cause
blanking and lower yields. Farmers are encouraged
to raise the water level in their fields up to 8 to 10
inches deep to protect the developing panicle from
cold nighttime temperatures. Cool nighttime
temperatures are most commonly a problem in the
southern part of the Sacramento Valley but can be
a problem in some years throughout the valley.

Managing salinity: High salinity can reduce rice
yields. Salinity is a problem when rice is grown on
saline soils or receives high salinity irrigation water.
Irrigation water with a high amount of recycled
water or well water can be high in salinity. As the
applied water flows from the field inlet down the
field to the drain, the salinity in the water increases
due to evaporation of water. One way farmers can
reduce salinity build up in the flood water is to
keep the water flowing through the field. This
practice is referred to as maintenance flow. This
practice also helps farmers maintain a uniform
water height in the field throughout the season.

End of season drain: At the end of the season
farmers drain their fields about six weeks before
harvest in preparation for the harvest. The timing
of the drain is important and varies depending on
soils and weather. The goal is to dry the soil enough
to allow a combine to go over it without causing
large ruts, while not drying out too early which can
lower yields and grain quality. This drying can be
either accomplished by allowing the water to
subside naturally or releasing the water through
the tailwater drain. The later practice results in
higher tailwater drain losses.

Varieties and crop development: The time from
planting to harvest (and thus the period of
irrigation) varies depending on the rice variety
being grown, the region of the valley and the time
of planting. Rice varieties grown side-by-side can
vary in duration by as much as a couple weeks.
Moving from south to north in the valley, average
temperatures increase and thus the time from
planting to harvest is shorter in the north than in
the south. Finally, planting later, usually means
planting during a warmer time of the season; thus
later plantings tend to have shorter crop duration.

For more on this topic:

v' Agronomy Research and Information Center-Rice:

rice.ucanr.edu

v Linquist, B.A. et al. (2015) Water balances and
evapotranspiration in water- and dry-seeded rice systems.
Irrigation Science 33:375-385.

v' Montazar, A. et al. (2017) A crop coefficient curve for
paddy rice from residual of the energy balance
calculations. Journal of Irrigation and Drainage
Engineering. 143(2) doi: 10.1061/(ASCE)IR.1943-
4774.0001117.

v' Marcos, M. et al. (2018) Spatio-temporal salinity dynamics

and yield response of rice in water-seeded rice fields.
Agricultural Water Management 195:37-46.

v' LaHue, G.T. and B.A. Linquist (2019) The magnitude and
variability of lateral seepage in California rice fields.
Journal of Hydrology 574:202-210
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Tadpole Shrimp Damage to Rice

Background

Tadpole shrimp (Triops longicaudatus) is a
crustacean adapted to live in vernal pools. Rice
fields provide excellent habitat for this arthropod,
which has been recognized as a pest of rice in
California since the 1940s.

Life Cycle

When rice fields are flooded, eggs in the soil
rehydrate and hatch, as quickly as two days after
the water is started. The first tadpole shrimp
instars are very small and translucent, and very
difficult to see in the water. As they grow, they
become easier to spot; however, the coloration of
their shell (carapace) allows them to blend with the
soil. Young tadpole shrimp look just like adults.

Figure 1. Tadpole shrimp with a shell size of 4 mm, or
about half the size of a rice seed, can injure germinating
rice seeds.

Tadpole shrimp molt throughout their life. Their
initial growth is quick, reaching When they reach
the adult stage, they develop egg sacs under the
shell. Eggs are laid in the soil, plants, and other
substrate available in the water. Eggs require a
dehydration period before hatching. Newly laid
eggs therefore will not hatch unless the field is
drained, let to dry, and reflooded. After fields are
drained for harvest, tadpole shrimp eggs remain
dormant in the soil. Next spring, when rice fields
are flooded, eggs will float, rehydrate and hatch.
Eggs hatch in installments, meaning that some of
the eggs laid the previous year will hatch, but
others will remain dormant in the soil and hatch
only if they go through another dehydration-
hydration cycle. Eggs can remain dormant in the
soil for several years.

Injury to Rice

Tadpole shrimp will feed on germinating seeds
once they reach a shell size of about 4 mm (about
half the size of a rice seed) (Fig. 1). They can reach
this size as quick as five days after the water is
started when temperatures are warm. Smaller
shrimp are not able to injure the germinating
seed. Larger shrimp will feed on the emerging
coleoptile and radicle, cutting them completely
and killing the germinating seed (Fig. 2). Once
seedlings have a green spike (the prophyll),
tadpole shrimp won’t feed on them. However,
they will feed on exposed roots. If seedlings are
not well anchored, or if they are uprooted by
wind, tadpole shrimp will feed on the roots,
consuming them to the point where those
seedlings won’t be able to get established (Fig. 3).



Management

The longer a field takes to flood, the more time
tadpole shrimp will have to develop and reach a size
that can injury rice as it germinates. Small fields that
can be flooded quickly (in two to three days) can
avoid tadpole shrimp injury by seeding soon after
flooding. Monitor the seedling stage of
development and tadpole shrimp size. Once
seedlings have a spike and the root is well
established, tadpole shrimp will not affect them.

Figure 2. Germinating rice seed with coleoptile and
radicle consumed by tadpole shrimp, and tadpole shrimp
egg on seed.

If tadpole shrimp shell is smaller than 4 mm, they
won’t injure rice; however, they can grow quickly,
especially in warm weather. Monitor frequently
and take action if tadpole shrimp shell is larger than
4 mm and seedlings do not have a spike yet.

Fields that are drained soon after seedling
(Leather’s method) are at low risk of tadpole
shrimp injury. When draining the water, any young
tadpole shrimp will be carried out the field by the
water or will be killed once the field dries. Draining
a field to kill tadpole shrimp works if the field is
dried to the point that no standing water or
puddles remain.

Insecticides can be used to control tadpole shrimp.
Pyrethroid insecticides are highly effective. However,
in recent years, control failures have been reported
when using them. In those cases, other insecticides
can be used, such as clothianidin, carbaryl, or copper
sulfate. Always follow the label and use full label
rates to avoid the development of resistance.

Figure 3. Tadpole shrimp will consume the roots of
dislodged seedlings, preventing them from establishing.

For more on this topic:

v Integrated Pest Management for Rice, Third Edition. UC
Agriculture and Natural Resources.

v’ UC IPM for Rice: ipm.ucanr.edu

v Agronomy Research and
rice.ucanr.edu

Information  Center-Rice:
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Fact Sheet #14

Armyworms in Rice

Background

The armyworm (Mythimna unipuncta) (Fig. 1) is an
insect commonly found in rice fields; it can
become a pest when populations reach high
densities. A serious armyworm outbreak occurred
in 2015, resulting in yield reductions of up to 20%
in some fields. The western yellowstriped
armyworm (Spodoptera praefica) can sometimes
be also found in rice fields, mostly feeding on
broadleaf weeds such as ducksalad and redstem.

Figure 1. Armyworm larvae feed on rice foliage
and panicles. Severe injury can lead to yield
reductions.

Life Cycle

Armyworm adults are thick straw-colored moths
that fly at night. Pheromone trapping in the
Sacramento Valley has shown that moths start
flying in early June and increase in numbers
quickly, peaking in late June or early July. Another
peak occurs in mid-August (Fig. 2)

Mated females lay egg masses in the vegetation
around rice fields and rice field borders. Each egg
mass can have over 100 eggs, and a single moth is
capable of laying up to 2000 eggs in her lifespan.
Egg masses are very difficult to find in the field.

Figure 2. Average number of moths caught with
pheromone traps at 15 locations in the Sacramento
Valley in 2018, a year with average worm pressure.

Eggs hatch after four or five days. Young larvae
are small and do little feeding, making their
detection difficult. Larvae feed at night, spending
the day hidden in the foliage near the water
level. Larvae go through six instars, with instars
five and six being the most conspicuous because
of their size and the large amount of foliage they
consume. Large larvae can take a week or longer
to complete their development and turn into a
pupa. Armyworm larvae pupate in rice fields by
lodging themselves between tillers and making a
protecting case with pieces of foliage. Adults
emerge in about 10 days.

Injury to Rice

Larvae can be found in rice fields in early July and
mid-August. During early July, infestations start
near field borders and progress into the field.
When larval density is high, defoliation can be
severe. During the mid-August infestation,
armyworms also feed on panicle branches,
resulting in partially blanked panicles (Fig. 3).



Figure 3. Armyworms can feed on panicle branches,
causing partial panicle blanking.

Management

Rice plants are very tolerant of defoliation during
vegetative growth. Research has shown that when
more than 25% of rice foliage is consumed, a yield
reduction can be expected. When defoliation is
severe (to the water level), the yield reduction can
be as high as 26%. Significant yield reductions
because of panicle feeding can occur when more
than 10% of panicles are injured.

Managers should scout fields frequently during late
June and early July and monitor the level of
defoliation and the presence of larvae in the field.
Experience shows that weedy fields can harbor
more armyworms than clean fields. If defoliation
approaches 25% and larvae are present, an
insecticide treatment may be needed. Similarly,
during mid-August, growers should monitor for
panicle injury and the presence of larvae.

The insecticides methoxyfenozide (Intrepid) and
diflubenzuron (Dimilin) are effective insecticides.
Methoxyfenozide is currently (2021) available
through a Section 18 label. Dimilin has an 80-day
pre harvest interval, so it cannot be used during the
heading infestation.

Pheromone traps can aid in monitoring by
providing a relative measure of moth
populations. However, moth catches do not
predict larval injury — high moth captures do
not necessarily produce high larval populations.
Armyworms have many natural enemies in rice
fields, including predators and parasitoids that
can significantly reduce larval populations (Fig.
4). Avoiding unnecessary insecticide
applications can allow these natural enemies
maintain armyworm populations below
damaging levels.

Figure 4. Armyworm parasitoid cocoons are
commonly found in rice fields.

For more on this topic:

v Integrated Pest Management for Rice, Third Edition.
UC Agriculture and Natural Resources.

v’ UC IPM for Rice: ipm.ucanr.edu

v Agronomy Research and Information Center-Rice:
rice.ucanr.edu

Agronomy Research and Information Center
http://agric.ucdavis.edu/

Author(s): Luis Espino
2022
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Fact Sheet #3

Stem Rot and Aggregate Sheath Spot of Rice

Background

Stem rot and aggregate sheath spot are two
common diseases of rice in California. Both are
present in almost every field. At low levels, the
diseases do not affect yield. However, when
disease levels are high, early leaf senescence,
lodging, and blanking can result in yield reductions.

Stem Rot

Stem rot is caused by the fungus Sclerotium oryzae.
During the winter, the pathogen survives in straw
residue in the form of resting structures called
sclerotia. During warm weather, the sclerotia can
geminate, grow, and produce more sclerotia.
Research has shown that as the number of viable
sclerotia in the soil increases, disease severity
increases.

After fields are flooded, sclerotia float to the
surface and, when conditions are appropriate,

germinate and infect rice plants at the water level.
Initially, the infection produces small black lesions
on the leaf sheath (Fig. 1A). As the disease
progresses, lesions get bigger and penetrate into
the culm, and in severe cases the whole culm is
rotted through. After fields are drained, sclerotia
begin forming inside the lesions (Fig. 1B).

Aggregate Sheath Spot

This disease is caused by the fungus Rhizoctonia
oryzae-sativae. Its cycle is similar to that of stem
rot; sclerotia in crop residue constitute the
inoculum that will cause infections the following
season. In contrast to stem rot, aggregate sheath
spot lesions are gray or green with well-defined
borders (Fig. 2). As the disease progresses, lesions
start developing on higher leaf sheaths (Fig. 3).
Leaves of affected sheaths turn yellow and die.
When the disease is severe, panicles can be
affected; however, this is rare.

Figure 1. A. Initial stem rot lesion developing near the water level. B. At the end of the season, sclerotia can be
found inside rotted culms. C. Panicle blanking caused by stem rot infection.



Management
Straw management

Because both pathogens can survive in straw during
the winter, management of straw residue is critical
to reduce disease severity. Any actions that improve
straw decomposition during the winter will reduce
viability of the sclerotia. Chopping and disking straw,
followed by winter flooding for several years will
reduce disease severity in the field.

Bailing can reduce the amount of inoculum in the
field by removing sclerotia with the straw. Cut the
straw as close to the ground level as possible to
maximize the amount of sclerotia removed.

Burning eliminates the sclerotia, therefore it is
recommended when possible.

Fertility

Stem rot development is favored by high nitrogen
rates. Apply nitrogen to maximize yield and asses
the need of a mid-season nitrogen application.

Aggregate sheath spot can be more severe when
potassium is deficient. Asses the level of potassium
in the soil and apply if needed.

Varieties

Currently, all pubic varieties in California are
susceptible to both diseases.

Fungicides

Fungicides can reduce the incidence and severity of
both diseases. The fungicide azoxystrobin (active
ingredient in Quadris) applied at the early heading
stage has resulted in good levels of disease
reduction. Applications made early in the season
(35-45 days after seeding) are not as beneficial as
applications during early heading.

When disease levels are high, fungicides may not be
enough to reduce disease severity. Several years of
improved straw management and fertility,
combined with fungicides, will help reduce disease
levels.

Figure. 2. Early lesions of aggregate sheath spot at the
water level

Figure. 3. Aggregate sheath spot lesions affecting leaf
sheath.

For more on this topic:

v Integrated Pest Management for Rice, Third Edition. UC
Agriculture and Natural Resources.

v’ UC IPM for Rice: ipm.ucanr.edu

v Agronomy Research and
rice.ucanr.edu

Information  Center-Rice:



Agronomy Fact Sheet

Fact Sheet #4

Kernel Smut of Rice

Background

Kernel smut was fist found in California in the mid
1980s. Since then, the disease has been present in
rice fields across the Sacramento Valley without
causing problems. However, starting in the mid
2010s, growers and pest control advisers started
noticing an increase in the incidence of the disease.
In 2018, many fields were severely affected,
especially in the northern part of the Valley.

Kernel smut can affect rice production in several
ways. Anecdotal evidence suggests severely
affected fields can suffer yield reductions. Because
the fungus affects the kernels directly, milling and
head rice yield are affected, with reductions of up
to 15% observed in California. Additionally, during
the milling process smutted kernels contaminate
other kernels, resulting in off-colored milled rice.
When grain is severely affected, spores may be
visible when the milled rice is cooked. While T.
horrida is not toxic if ingested, this may cause
health risks concerns among consumers.

The Pathogen

Kernel smut is caused by the fungus Tilletia horrida.
This pathogen has a rather complicated cycle that
is poorly understood. During grain maturity,
infected rice kernels are partially or completely
replaced by a black mass of spores called
teliospores (Fig. 1).

During harvest, teliospores disperse and can cover
equipment, grain, and soil. In the spring, spores
present in the field float to the surface and
germinate, forming primary sporidia, a type of
dispersing spore. These sporidia germinate, grow

and later form secondary sporidia. Secondary
sporidia are discharged into the air and infect
ovaries of open rice flowers. The pathogen then
develops inside the flower and forms the black
mass of spores evident as the grain matures (Fig.
2). Smutted kernels are more noticeable early in
the morning because they swell with the morning
dew.

Figure. 1. Panicle showing smutted kernels. Smutted
kernels are more noticeable early in the morning.

Management
Seed

Infected seed can be a source of the disease. A
2019 survey showed that most seed sources in the
Sacramento Valley have various levels of kernel
smut. At this time, it is not known if the sodium
hypochlorite seed treatment commonly used for
bakanae disease reduces the viability of spores in
seed. Make sure to use certified seed and
continue to treat with sodium hypochlorite when
possible.



Varieties

Long grains are more susceptible than medium and
short grains, with some differences among varieties
(Fig. 3). Of the medium grains, M-209 seems to be
the most susceptible.

Fertility

Excess nitrogen increases the susceptibility of plants
to the disease. Apply nitrogen to maximize yield and
asses the need of a mid-season nitrogen application.

Figure. 2. Smutted kernels break during the milling
process, resulting in lower milling and head rice yield.
Also, spores contaminate other kernels, producing off-
colored milled rice.

Figure. 3. Number of smutted kernels in 25 g of seed in a
variety trail conducted in 2018 in Butte County.

Fungicides

It is challenging to monitor for this disease because
smutted kernels are not noticed until harvest. The
decision to use a fungicide should be based on the
history of the field. Trials have shown that the
fungicide propiconazole (the active ingredient in Tilt)
can reduce the severity of the disease. Applications
should be made at the mid boot stage, before
panicles emerge from the boot.

For more on this topic:

v’ Integrated Pest Management for Rice, Third Edition. UC
Agriculture and Natural Resources.

v’ UC IPM for Rice: ipm.ucanr.edu

v Agronomy Research and
rice.ucanr.edu

Information  Center-Rice:



Agronomy Fact Sheet

Fact Sheet #10

Rice Blast in California

Introduction

Rice blast is the most destructive disease of rice
worldwide. In California, blast was first found in
the late 1990s, and since then it has become
endemic in the northwestern part of the
Sacramento Valley. However, in years with
favorable weather conditions, the disease has
been observed in all rice production areas of the
state.

The Pathogen

Blast is caused by the fungus Magnaporthe
oryzae. The fungus can infect any part of the
plant, except the roots. In California, noticeable
infections usually occur after full tillering,
causing leaf lesions. Lesions are diamond shaped
and have a yellow halo around them (Fig. 1).

Figure 1. Diamond shaped blast lesion. Notice the
yellow halo and gray sporulation in the center of
lesion.

In severe cases, blast lesions coalesce and burn
foliage to the water level (Fig. 2). This usually
occurs in field headlands, where nitrogen
application overlaps. Blast infections on leaf
tissue are commonly referred to as “leaf blast”.

Blast infections can also occur later, during
heading, with blast lesions developing in the node
below the panicle, causing “neck blast”, which can
produce blanked panicles (Fig. 3).

Figure 2. Leaf blast in nitrogen overlap.

Blast spores can be moved by air currents. They
need free moisture on the plant surface (leaf
wetness) to germinate and penetrate the tissue.
After infection, lesions develop in four to five
days, and spores are formed on lesions two to
three days later. These spores can then be moved
by wind and cause new infections. As tissues
mature, they become more resistant to blast
infection. During the off-season, the fungus
survives on infested rice residue and seeds on the
soil.

Blast is favored by long periods of leaf wetness,
high relative humidity (>90%), and warm
temperatures (>68F). Leaf wetness that starts
early in the evening or lasts into the late morning
hours, coupled with warm temperatures, can lead
to spore germination and infection.



Figure 3. Neck blast. Notice lesion in the node below the
panicle.

Management

Seed

Blast spores can be found infecting rice seed. The
sodium hypochlorite treatment used during the
seed soak does not eliminate blast spores from the
seed. Using certified seed reduces the risk of
introducing inoculum to a field.

Water Management

Infection from seed to seedling under flooded
conditions is very unlikely. Draining early for stand
establishment or herbicide application may allow
seedling infection.

Fertility

Excess nitrogen increases the susceptibility of
plants to the disease. Leaf blast is usually observed
first in nitrogen overlap areas. Midseason nitrogen
applications should only be made when the crop is
nitrogen deficient.

Fungicides

Azoxystrobin and trifloxystrobin (the active
ingredients in  Quadris and Stratego,
respectively) are registered for control of blast
disease in California. In general, applications to
control leaf blast are not recommended unless
plant stand is severely affected. Presence of leaf
blast should be an indication that a treatment
for neck blast will be needed. To protect the
panicles from neck blast, applications should be
made at the early heading stage (20-50%
heading). If economics allow for two
applications, target the boot split and 50%
heading stages.

For more on this topic:

v’ Integrated Pest Management for Rice, Third Edition.
UC Agriculture and Natural Resources.

v’ UC IPM for Rice: ipm.ucanr.edu

4 Agronomy Research and Information Center-Rice:
rice.ucanr.edu

v Greer, C. A. and R. K. Webster. 2001. Occurrence,
distribution, epidemiology, cultivar reaction, and
management of rice blast disease in California. Plant
Disease 85: 1096-1102.

v' Compendium of Rice Diseases, Second Edition. APS
Press.
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