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OBJECTIVES AND EXPERIMENTS CONDUCTED BY LOCATION TO ACCOMPLISH OBJECTIVES:

OBJECTIVE I

S Continuing studies to determine the nitrogen fertilizer requirements
s of mew rice varieties in respect to rates of nitrogen, time and method

of nitrogen application for optimum nitrogen utilization and grain yield
i under the wvarious climatic regimes existing in California.

1. Evalution of the response of four wvery early, early and late

California rice varieties and new releases to rates and time of
nitrogen application.

Six field experiments were conducted at
5 California locatiomns.

Evaluation of the growth, yield and nutrient uptake patterns

of seven California rice varieties, grown under 5 levels of
nitrogen application.

Two field experiments were conducted at
the U.C. Rice Facility.

OBJECTIVE 2

To determine the plant utilization and fate of fertilizer nitrogen
applied to rice.

Experiments are designed to improve nitrogen fertilizer
use and

increase plant use efficiency for grain production.

1

One experiment conducted in 50 gallon cans was completed
utilizing N+-labelled ammonium sulfate as a tracer.
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OBJECTIVE 3

To develop and calibrate diagnostic tests to determine the fertilizer
requirements of rice for optimum grain yield.

1. Plant tissue samples were collected from seven field experiments
for calibrating metheds of plant analysis in rice.

2. A procedure for rapid colorimetric determination of the nitrogen
status of rice was developed in the laboratory. Infra-red
reflectance techniques are being evaluated further-

OBJECTIVE 4

Soil and water quality constraints affecting rice production
were examined in greenhouse experiments to determine the cause of poor
growth and to develop ameleatory practices.

1. Greenhouse experiments were conducted with sub-soil limestone
materials to determine how land levelling and sub-soiling
affect rice growth.

2. Greenhouse experiments were conducted with irrigation water
of varying quality to determine its effect on plant growth and
nutrient uptake.

OBJECTIVE 5

Rice stand establishment problems were examined to determine causal
factors and to develop remedial measures. )

1. Field and greenhouse experiments were conducted with calcium
peroxide as an oxygen extender for more satisfactory emergence
of rice.

2. Field experiments were conducted to determine the feasibility
of planting calcium peroxide coated rice seed by different
cultural methods.

SUMMARY OF 1979 RESEARCH (MAJOR ACCOMPLISHMENTS) BY OBJECTIVE
OBJECTIVE 1

Nitrogen fertilizer requirements of new rice varieties in respect
to rates of nitrogen and time and method of nitrogen application.

Six field experiments were completed during 1979 as a continuing
study of nitrogen requirements and adaptation of new rice varieties and
material available for release. Experiments were conducted cooperatively
with the Cooperative Extension at 6 locations in 5 countries. Four rice
varieties comprising very early, early and late maturing material were
evaluated with 13 nitrogen variables. A summary of the effects of
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nitrogen rates and time of application at the 6 locations are shown in
Tables 1, 2, 3, 4, 5, and 6.

Among the experiments conducted with very early varieties increas-
ing increments of nitrogen fertilizer increased yields from an average
of 3639 pounds rice per acre without fertilization to maximum yields of
8,474, obtained with 120 N at the San Joaquin Co. site. At the Sacramento
Co. site, yields increased from 4,794 without fertilizer nitrogen to the
maximum average yield of 7,337 pounds rice per acre with 9C N. 1In both
experiments there was no statistically significant difference in yield
when 90 N was applied pre-plant or in split applications. Earlirose and
78-Y-38+41 were the highest yielding very early varieties grown in these
experiments (Table 1 and 2).

The early rice varieties examined at the Colusa Co. and Butte
Co. trials showed the variety 78-Y-38-41 to be the highest yielding rice
at both locations (Table 3 and 4). At these locations the early rice
varieties produced a maximum yield at 90 N, namely 8,275 pounds per acre
at Colusa Co. and 8,977 pounds per acre at the Butte Co. site. At these
locations pre-flood application of 90 N produced the same yield response
as 2/3 of the N applied pre-flood with 1/3 applied at mid-tillering,
panicle initiation or the flag-leaf stage.

Late varieties planted in the Butte Co. and Sutter Co. showed
best yield performance from M7 and 78-Y-65 (Butte) and Calrose (Sutter).
Maximum rice yields of all varieties was obtained with 150 N at the
Butte location and with 180 N at the Sutter Co. trial. In these trials
with late varieties, no significant differences were observed at the
Butte location in comparisons of pre-plant and split nitrogen applica-
tions. In the Sutter Co. trial, pre-flood nitrogen was significantly
better than split applications (Tables 5 and §).

Utilizing information obtained from the Sutter Co. trial, it
was observed that nitrogen. top-dressing made at mid-tillering and
panicle initiation were similar in effect to the pre-flood application
on nitrogen uptake, plant growth and grain yield. The nitrogen top-
dressed at the flag leaf stage did not affect the number of grain per
panicle but tended to increase the percentage of ripened grain.

Nitrogen uptake by Calrose at successive growth stages is shown
in Figure 1. Nitrogen uptake from the 7 rates of basal fertilizer
continued beyond the flag leaf stage to grain maturity. MNitrogen use
efficiency is high in increasing leaf length, panicle number, dry matter
production and grain yield. The percentage of ripened grain decreased
with nitrogen rates in excess of 60 N. The relationships between
nitrogen rates at various growth stages to full grain maturity is shown
in Figure 2.

The chemical composition of rice plants at four growth stages
are shown for the Butte, San Joaquin and Sutter Co. trials in Tables 7,
8, and 9.

2. Seven current California rice varieties were grown at the
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Table 7.

Chemical composition of leaves, culqg and rice grain.

Butte Co. = variety M-7.

Plant Part Stage of Chemical Composition (%)
Growth N P K Ca Mg Zn Fe
——————————— percent——————m—m——-— ppm ppn
Leaves Mid-till 5.16 0.33 1.94 0.26 0.21 48 263
Panicle In 5.31 0.26 1.63 0.23 0.24 38 450
Flag Leaf 3.89 0.28 1.75 0.28 0.25 31 213
Mature 2.12 0.19 2.38 0.08 0-.16 60 750
Culms Mid-till 3.41 0.27 1.94 0.13 0.13 50 550
Panicle In. 2.95 0.24 2.00 0.34 .19 29 438
Flag Leaf 2.13 0.29 2.38 0.08 0.15 60 613
Mature 0.74 0.10 2.25 0.15 0.15 38 100
Grain Mature 1.75 0.34 0.52 0.09 0.22 33 104
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Table 8.

Chemical composition of leaves, culms and rice grain.
Sutter Co. = variety M-7.

Plant Part Stage of Chemical Composition (%)
Growth N K Ca Mg Zn Fe
——————————— percent=———=m—=———== pPpm  pPpm
Leaves Mid-till 3.79 0.26 1.75 0.30 0.16 39 513
Panicle In 2.22 0.24 1.75 0.33 0.20 28 250
Flag Leaf 1.83 0.23 1.44 0.36 0.24 25 263
Mature 0.94 0.08 2.38 0.14 0.15 56 188
Culms Mid-till 1.12 0.24 1.25 0.06 0.15 41 875
Panicle In. 0.71 0.25 1.38 0.09 0.15 41 563
Flag Leaf 0.66 0.23 1.38 0.09 0.15 46 213
Mature 0.48 0.14 1.94 0.14 0.16 49 113
Grain Mature 1.24 0.27 0.22 0.11 0.19 36 162
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Table 9.

Chemical composition of leaves, culms and rice grain-.
San Joaquin Co. - variety M10l.

Plant Part Stage of Chemical Composition (%)
Growth N K Ca Mg Zn Fe
——————————— percent——=—=——==== ppm ppm
Leaves Mid-till 2.18 0.14 1.38 0.33 0.21 29 325
Panicle In 2.69 0.19 1.63 0.38 0.31 29 350
Flag Leaf 1.77 0.18 1.50 0.34 0.19 25 350
Mature 0.71 0.10 1.13 0.33 0.20 25 690
Culms Mid-till 0.66 0.19 1.19 0.13 0.16 31 513
Panicle In. 1.01 0.31 1.81 0.11 0.19 29 713
Flag Leaf 0.69 0.23 1.38 0.11 0.16 39 263
Mature 0.35 0.15 1.00 0.30 0.15 23 375
Grain Mature 1.14 0.26 0.36 0.15 0.18 29 294
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N UPTAKE BY RICE PLANTS (lbs/A)
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~ Fig. 1. Nitfogen uptake by rice at different growth stages from different

levels of pre-flood nitrogen.
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U.C. Rice Facility to evaluate patterns of plant growth, nutrient uptake,
and grain and straw yields as affected by nitrogen fertilization. Grain
and straw yields of these varieties and grain/sraw ratios are reported in
Table 10. Data on nutrient uptake patterns shown by the different varieties
is not yet available.

OBJECTIVE II

To determine the plant utilization and fate of fertilizer nitrogen
applied to rice.

1. Recovery of fertilizer N by rice is seldom greater than about 60
percent. Succeeding crops grown on the same soil usually recover some
additional organic matter combined N, but it is usually less than 1 to 3
percent additional. Attempts to account for this low recovery have shown
that a variety of factors may be involved either biologically or associated
with chemical reactions in the water and soil. Losses may occur from
gasification, volatilization, leaching, clay-fixation or irmobilization in
the soil organic matter fraction. Estimates of the amounts last from these
sources vary widely depending on the reliability of the experimental
procedures.

In recent studies, using le tracers in ammonium sulfate fertilizers
a number of factors associated with the fate of fertilizer nitrogen have
been identified. Figures 3 and 4 show the fate of fertilizer nitrogen
applied to rice as ammonium sulfate by split-broadcast applications and
basal applications applied pre-flood at 60 and 120 pound per acre rates.
It is significant that basal applications of nitrogen increase nitrogen in
the crop from 27% applied as a split top-dressing to 827 when aplied
basally at 60 N per acre. The losses associated wth denitrification
accounts for the largest single loss from the system (50%) followed by
ammonia volatilization (6%).

At the 120 N rate, the nitrogen taken up by the crop amounted to
24% from a split nitrogen application, broadcast to 81% recovery when the
fertilizer was applied as a pre=flood application. With proper pre-flood
placement losses due to denitrification and ammonia volatilization were
reduced to about 10% of the fertilizer application.

OBJECTIVE III

To develop and calibrate diagnostic tests to determine the fertilizer
requirements of rice for optimum grain yields.

1. Plant tissue analyses provide a useful guide to determine if
nutrient deficiencies are a significant constrant to rice yields. They can
be useful in determining what plant nutrients to apply and whether top-
dressings are likely to increase rice yields.

Previous research has shown that the most recently mature rice leaf
is the most sensitive indicator of the nutrient status, especially for N, P
and K. Probably the two most variables in the use of plant analysis are
the stage of plant development and the critical level for each nutrient
which appears to decrease with plant age.
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In this research, an effort has been made to determine what the
critical nutrient levels are for the short-statured, high yielding varieties
now in use. A great deal of information has been collected during the past
three years for nitrogen. At this time the complete data must be evaluated
for varieties and the various stages of plant development. Critical
research has not been conducted to determine if the critical nutrient
values for P and K need to be changed.

On the basis of an incomplete evaluation of all the available data,
it appears that the critical ntrogen values of the new varieties need to be
adjusted to higher levels. This is reflected in part because of the
greater nitrogen responsiveness of the short-statuted varieties to produce
higher grain yields and also a lesser danger that lodging will adversely
affect yields.

On the basis of new information the following tentative critical
levels are suggested. Further refinement may be necessary as specific
variety effects are examined.

Tentative Plant Analysis Guide for Rice
Kjeldahl N wvalues

Growth Stage Critical Value Adequate Range
Mid-tillering 3.6% 4.0 - 4.8%
Panicle Initiation 3.0% 3.2 - 4.0%
Early Booting 2.47% 2.4 - 3.2%

2. The orange G-dye method for nitrogen determination was adapted
as a rapid quantitative method for determining the nitrogen status of rice.
The amount of dye absorbed by rice leaf tissue is highly correlated with N%
determined by the Kjeldahl method Figure 5. The regression line, however,
changes with each developmental stage in the growth of rice (Figure 6).

The ratio of plant material to aliquot of Orange G-dye, significantly
affects the regression lines, especially at the mid-tillering stage.

The dye absorption method was tested on 60 tissue samples from three
stages of rice development, mid-tillering, panicle initiation and the flag
leaf stages. The regression lines derived from these comparisons are shown
in Figure 7. There was no significant difference between the mean values
of the Orange G dye and the standard Kjeldahl method (p = .01) and the
standard deviation of the difference between the two methods was 0.2% N.
The Orange G dye absorption to technique can provide an effective, rapid
and low cost means of evaluating the nitrogen status of rice leaf samples
from which fertilizer recommendations can be derived. :

OBJECTIVE IV
Soil water quality constraints affecting rice production.

1. Effect of limestone hardpan material on the growth, grain yield
and nutrient uptake patterns in rice: Subsoiling is often practiced on
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land where crops are rotated with rice. During subsoiling, hardpan and
calcareous subsoil materials are often brought to the soil surface. When
rice is planted on certain soils which have been deep-tilled poor growth of
rice usually occurs, usually being severely stunted and chloratic directly
in the subsoil channels.

A calcareous (limestone) hardpan material collected from a rice field
where poor growth occurred after subsoiling, was brought into the greenhouse,
with affected soil. The pulverized limestone was added to normal soil at
the rates of 5 and 10 percent additions by weight. Zinc sulfate was
applied to provide 5 and 10 pounds of Zn per acre equivalent and all
treatments received 120 N nd 60 P,05 equivalent per acre. Twelve rice
seeds Variety M9 were planted in each pot and finaly thinned to 4 plants
per pot. Treatments were harvested at the mid-tillering, flag leaf and
mature growth stages for yield determinations and chemical analyses to
determine the effect of the limestone subsoil material on the growth and
nutritional status of rice grown on this soil.

The addition of pulverized limestone subsoil material to a soil in
amounts ranging from O to 10 percent decreased the growth and grain yields
of rice (Table 11). The plants were affected by a chlorosis resembling
zinc deficiency. Increasing the limestone rate decreased the concentration
and uptake of Zn. Increasing the zinc in the soil with zinc sulfate to
suply 5 and 10 ounds per acre Zn increased plant zinc values and zinc
uptake at the mid-tillering, flag leaf stage and at maturity (Table 11).
Zinc applications helped alleviate the chlorosis and poor growth observed
in the limestone treated soils.

The concentration of plant nitrogen and phsophorus in the plant
material harvested at the mid-tillering and flag-leaf stage was decreased
by the addition of limstone subsoil material (Table 12). The concentration
and uptake of nitrogen increased and that of phosphorus decreased in mature
rice plants (grain and straw) with increasing levels of applied zinc
sulfate (Table 13).

Limestone hardpan brought to the surface by subsoiling increased
the pH of the soil from 7.2 to about 7.6 with 5% limestone and to 8.3 with
10%Z additions. Limestone induced a deficiency of zinc which was corrected
with 5 and 10 pounds actual zinc equivalent per acre as zinc sulfate.

OBJECTIVE V

Rice stand establishment problems, with emphasis on dissolved oxygen
deficiency and its amelioration.

1. It has long been known that rice seed will germinate and seedlings
will emerge when sown in water or when planted in a well-drained soil, but
not when covered by both. When the dissolved oxygen levels surrounding
rice seed fall below 0.3%, failure of germination and seedling establish-
ment occurs. The development of water-sown rice culture in California
takes advantage of the adequate oxygen levels occurring in irrigation water
for satisfactory stand establishment. In the Southern States rice seed is
often drilled into soil and then germinated by flush irrigation and complete

T3



Table 11.

Effect of limestone and ZnS0, on dry matter production and

grain yields

- variety M9.

Dry matter and Grain yield (g/pot)

Straw Grain
Treatment 0Zn 5Zn 10Zn 0Zn 5Zn 10Zn
Control 18.5 19.8 21.5 12.4 14.4 15.8
Limestone 5% 17.4 19.1 20.8 9.8 11.2 14.5
Limestone 10%Z 14.0 17.4 19.8 8.0 10.1 11.9

LSD (.05) =0

42

LSD (.05) = 1.7
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drainage to aerate the soil for emergence. Whenever rice ssed is covered
by both soil and water, sometimes with only a thin layer of silt, the
supply of dissolved oxygen to the seed is cut off and seedling emergence is
stopped.

Under stand establishment conditions where oxygen deficiency exists
the coleoptile (sheath covering the first leaf) will emerge but until
adequate oxygen is available emergence of the primary root and plumule
(shoot) is restricted. Evidence obtained shows that coleoptile emergence
precedes primary root emergence under water and that the rice coloptile is
the morphological portion for the entry of oxygen to the developing seedling.
If oxygen is limiting, elongation of the shoot is stimulated and root
development is suppressed. It is suggested that the reduction of root-shoot
rates under these circumstances may be caused by destribution of mitochondria
in roots when they are subjected to anoxia-

Under California conditions low dissolved oxygen values in water-sown
rice cause poor root development and consequently poor plant anchorge
during stand establishment. Poorly attached seedlings often float and are
blown to the levees by wind action. Another serious problem occurs when
rice seed becomes covered with silt or soil after water sowing. Under
these conditions, covered seed will fail to germinate and emerge, resulting
in a low plant population.

Research conducted on this project has shown that many of the stand
establishment problems encountered in water-sown rice can be prevented by
coating rice seed with calcium peroxide (CaOp). Seed coated with Ca0y (60%
active) at the rate of twnety to forth percent will provide adequate oxygen
for emergence under all conditions and even when covered by 1 inch of soil
and up to 6 inches of water. The use of Ca0y as a seed coating material
will allow rice seed to emerge under most conditions enccuntered in the
field and enables rice seed to be drill planted or broadcast on a dry seed
bed and covered lightly with soil. This alternative method of rice seeding
opens many opportunities to reduce seeding rates, insure uniform emergence,
enhance nitrogen use efficiency and to utilize new methods of weed control.

Calcium peroxide reacts in soil and water to liberate oxygen which
rice seed can readily utilize. This chemical is first hydrolyzed to
hydrogen peroxide (H202), an effective fungicide and calcium hydroxide
(Ca(OH)9), the H9O, decomposing further to produce dissolved oxygen (Oj)
and water. The rate of calcium peroxide degradation in flooded soils
depends to a large extend upon soil pH, but remains efective as an oxygen
provides for about 8-10 days after soil flooding. The rates of degradation
in 3 California rice soils, with different soil pH values are shown in
Figure 8. It is observed that calcium peroxide degradation is accelerated
by acid soil conditions, but without alteratiomn, it provides adequate
oxygen for rice seedling emergence.

The effect of calcium peroxide seed coating on the percent emergence
of rice seed (variety S-6) from water and water + 2.5 cm soil, together
with seeding grwoth characteristics is shown in TAble 14. Calcium peroxide
increase emergence percentage with each increasing rate in both water-sown
and soil-sown seed. The calcium peroxide effect was significantly more
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Table 14.

Effect of Ca0, coating on %7 emergence and rice seedling development.

In Flood Water

Covered with 2.5 ecm Soil + Water

Plumule Root Root Plumule Root Root

Ca02 Emerg. length length No. Emerg. length length No.
% mm mm % mm mm

0 62 26 5 1 12 10 0 0

10 78 32 28 3 28 39 19 1

20 82 37 31 5 76 44 37 5

30 89 36 32 5 91 57 41 6

40 91 38 32 6 91 67 42 6

* Measurements 12 days after planting.

*% Ca0,y was 607 material

Germination (%) 93%

Soil pH 6.2
Temp 30 C

Water 5 cm deep
Variety S6
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Table 16. Effect of coating rice seed with CaO2 on rice yields and stand
establishment.

Seedling rate (lbs/acre) Stand Establishment

Seed Coating 75# 150# 75# 150# 75# 150# 75# 1504
Treatment (1974) (1979) seedlings mature plants
CaO2 10%* 2070 3420 6570 7380 50 33 79 54
Ca0, 207 6260 6885 6450 6940 54 33 90 58
CaO2 30% 7330 7565 7730 7520 78 52 103 68
CaO2 407% 7860 7920 6820 7730 77 55 94 72
California
practice#** 5275 5820 5180 6860 32 23 55 47

* Seed coated with CaO2 (60%) and covered with 2.5 cm soil.

*% Pre-germinated and broadcast into water.
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effective in the soil-planted seed than where broadcast into water.
Plumule length, root length were increased in all treatments with calcium
peroxide, and the greatest seedling development occurred in 30 and 40%
(wgt. basis) of calcium peroxide coated on seed.

Various peroxide chemicals release oxygen when placed in water or soil.
In order to determine if one source was more effective than another, three
of the most economical materials were evaluated as seed coating materials
on seed broadcast into 2 inches of water. The comparison of peroxides of
calcium, magnesium and zinc were made at different levels of seed coating.
Calcium and zinc peroxides were loaded on rice seed at similar rates, but
it was not possible to coat seed with MgO, at similar rates. The active
oxygen content of calcium, magnesium and zinc peroxides were 13.3, 14.2 and
9.0 percent, respectively. Peroxide coatings significantly increased the
germination percentage of water sown rice, slightly enhanced seedling
length and increased dry matter production on seedling growth by values
ranging up to 100 percent with 40% MgO (Table 15).

Field experiments have been conducted in recent years to determine the
quantity of calcium peroxide required for satisfactory stand establishment
under conditions where the seed is placed 1 inch deep in the soil. Table
reports the effects of 0, 10, 20, 30 and 40% calcium peroxide coatings (wgt
basis) on stand establishment and crop yields.
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GENERAL SUMMARY OF CURRENT YEAR’S RESULTS

1. Improved rice plant types, with short plant stature, greater
resistance to lodging and increased nitrogen fertilizer responsiveness
offer significant rice production advantages. The experimental variety
78-Y-38+41 was outstanding among the early varieties evaluated in nitrogen
fertilizer trials.

2. Fertilizer nitrogen use efficiency is significantly improved
where all of the crop nitrogen requirements can be applied 4 to 6 inches
deep prior to flooding. Losses of nitrogen resulting from denitrification
and ammonia volatilization are significantly reduced by pre-flood placement
compared with top-dressings.

3. Applying fertilizer nitrogen pre-flood, is always as effective
and frequently superior to split nitrogen applications within the range of
optimum nitrogen roots. Split applications do not improve fertilizer use
efficiency and are more easily to employ-.

4. The critical nitrogen values for the short-statuted, nitrogen
responsive varieties must be readjusted to higher wvalues. Tentative values
have been suggested, but recent findings must be studied in detail for
varietal and location effects.

5. The Orange 6-colorimetric test for diagnosing the critical nitrogen
levels in rice must take into comsideration the fact that regression lines
change with different rice developmental stages-

6. Land levelling and/or subsoiling can expose limestone hardpan
material which elevates soil pH and induces zinc deficiency. The chlorosis
can be corrected with zinc fertilizer, which enhances Zn uptake, plant
growth and rice yields.

7. Calcium peroxide is an effective source of oxygen for rice
germination and seedling emergence. When coated on seed planting can be
accomplished with a grain drill, or seed can be broadcast and covered with
soil before flooding. When oxygen deficiency is corrected and seds are
placed in soil, higher plant survival is obtained, seedling drift is
eliminated, seedlings are well anchored and growth is superior to water
sowing.
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