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OBJECTIVES AND EXPERIMENTS CONDUCTED IN LOCATION TO ACCOMPLISH OBJECTIVES:

1) To improve the fertilizer use efficiency of rice in California
with emphasis on economics of fertilization, avoidance of adverse effects
on crop performance and yield, pollution control and optimization of the
yield of California rice varieties.

Large container greenhouse experiments were conducted with 15N-
labeled fertilizers to study the nitrogen losses occurring from flooded
rice when nitrogen fertilizer is applied at different rates, timing and
methods of application. These experiments at UC Davis involved detailed
laboratory chemical ‘and isotopic analysis. '

2) To determine the nutrient supplying capacity of California rice
soils and the optimum use of fertilizers to enhance rice yields.

Five typical rice soils were collected from rice growing areas
and were studied under greenhouse and laboratory conditions to measure
the effect of flooding on several biological and physicochemical proper-
ties of California soils that are important to plant nutrition and
growth. Two field experiments were conducted on rice variety x nitrogen
interactions and separate field experiments investigated the benefits of
nitrification inhibitors and slow-release nitrogen fertilizers.

3) To investigate physiological disorders in rice affecting seed-
1ing development, vegetative growth and rice yields.

Plant growth chamber experiments were conducted with the major
California rice varieties to determine the effect of day/night tempera-
tures on the growth and development of rice and upon temperature
affected changes in rice soils. Graduate student research investigated
the effects of water stress in irrigated rice. ‘
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4) To examine stand establishment problems in rice concerning
germination, seedling emergence and stand establishment.

Field and greenhouse experiments were conducted with plant
growth regulators, seed coating materials and plant nutrients con-
cerning rice stand establishment.

. OBJECTIVE 1

Fate of fertilizer nitrogen applied to flooded rice

The major mechanisms by which nitrogen is Tost from flooded rice’
production have been studied in typical California rice production
systems. Losses occur as a consequence of the nitrification of am-
monium to nitrate nitrogen by autotrophic bacteria and subsequent
biological and chemical denitrification. Volatilization of ammonia
from surface applications of ammoniacal fertilizer sources is also
a significant means of nitrogen loss. Fertilizer nitrogen may also be
temporarily unavailable to plants through microbial immobilization as
well as chemical immobilization with various soil organic components
and inter-lattice fixation of ammonium ions by certain clay minerals.

To further identify the losses of nitrogen from flooded rice soils
and to increase nitrogen-use efficiency by rice, a greenhouse experiment
in 40 gallon steel drums was established. These treatments were to
provide additional detail on the effect of rate, timing and method of
nitrogen ?gplication on nitrogen use efficiency. Treatments involved
rates of ~N-labeled fertilizer to supply 0, 60, 120, and 180 kg N/ha
applied to dry soil pre-flood, with split applications of 120 kg N/ha
of which 90 kg N/ha was applied pre-flood and an additional 30 kg N/ha
applied at either mid-tillering, maximum tillering or the panicle
initiation stage and a treatment where 120 kg N/ha was applied in 4
split applications.

Nitrogen uptake by the crop and nitrogen transformations occur-
ring in the soil are to be measured both chemically and isotopically,
but there has not been sufficient time since completion of the experi-
ment for this data to be collected. A technical report will be
prepared on the completion of this study, which requires growing a
second crop to measure residual nitrogen remaining in the soil and
the portion available to subsequent rice crops. ;

To date only yield data from the experiment are available.
These data are shown in Table 1.

~ Plant Analysis as a Diagnostic Tool in Fertilization

Plant analysis as an aid in diagnosing the nutritional status of
rice, is based on the principle of 1imiting factors and critical nutrient
concentrations. The technique has proven useful for researchers, agri-
cultural consultants and farmers who desire to exercise a high level of
rice management skills to maximize crop yields. Proper methods of »
sampling, sample preparation and chemical analysis must be followed if
data obtained are to be useful for interpretation.
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Field experiments have been conducted during the past three years
where correlative data has been collected on the relationship between
total leaf nitrogen at mid-tillering, maximum tillering, panicle initia-
tion, flag leaf stage and final grain yields. Data for the 1981 experi-
ments have not yet been compiled for computer analysis and the data are
not yet complete. Previous years data show that a statistically signi-
ficant positive correlation exists between the nitrogen content of the
rice Y-leaf and grain yields. Correlation coefficients vary somewhat
with variety and time of sampling but occur in the range of 0.44** and
0.93*. There has been no significant variety by Y-1leaf N interaction,
except for variety L2071 which has a significantly lower critical N con-
centration than the short and medium grain varieties to produce near
maximum yields. Critical values described here are estimated by identi-
fying the N concentration in the Y-leaf associated with 90 percent of
maximum grain yield.

Typical varietal x yield correlation and regression values from
field experiments are shown below.

2)

)

Variety Time Correlation (R2) Yield x N Regression Equations
Calrose 76 Mid-tiller .86 Y = 10945 + 5913(X) - 270 (Xz)-
M7 " .82 Y = -22648 + 11905(X) - 1082(X2)
M5 " .67 Y = -54030 + 29097(X) - 3342(X2)
M301 " .69 Y = 11387 - 5482(X) - 1151(X2)
Calrose 76 Panicle .88 Y = -31978 +22816(X) -3052(X2)

initiation _
M7 " .84 Y = -38906 + 27133(X) - 3779(X
M5 _ .79 Y = 37440 + 27340(X) - 3982(%)
M301 " .84 Y = -28205 + 20357(X) - 2674(2)
Calrose 76 Flag Leaf .89 Yy = -33096 + 27853(X) - 4452(X2)_A,

, stafe
M7 " .87 Y = -22032 + 18875(X) - 2817(X2)
M5 " .73 Yy = -43407 + 33562(X) - 5319(X?
M301 ‘ " .76 Y = -2625 + 2913(X) - 379(X2)

The tentative critical nitrogen, phosphorus and potassium plant tissue 
values for short and medium grain California rice varieties are shown in
Table 2. .

Two variety x N experiments were conducted during 1981 to develop
information on newly released California rice varieties. Plant analysis
samples were taken from trials at UC-Davis and at the McKnight Ranch in
Butte County. Yield data from these experiments are reported in the
following tables, but plant analysis data has not yet been correlated
with yield response (Tables 3 and 4).
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Nitrogen Mineralization and Transformations From Green Manure Crops

Mr. M. P. Westcott, Graduate Student, is researching the use of
green manure crops as a nitrogen fertilizer source for rice. In this
research an evaluation of organic nitrogen is being made in contrast
with commercial fertilizer in terms of availability to the crop and
various nitrogen transformations occurring in soils which affect
nitrogen use efficiency.

A field experiment was established to supply measured amounts
of nitrogen from vetch, ammonium sulfate and factorial combinations
of se1ected1§reatments. Microplots were established within whole.
Q%ots‘with (NH,).S0,-1abeled fertilizer (5.35% atom excess) and

N-1abeled vetcﬁ %3.%2% atom excess) to monitor nitrogen fertilizer
uptake and various nitrogen transformation which occur in the soil.
Soil transformations are concerned with mineralization of organic
nitrogen and the fate of nitrogen in extractable-exchangeable
forms, the clay-fixed ammonia, and organically bound forms.

The collection of data from the field experiment“and'subse—
quent laboratory experiments are not complete, but the following
tentative results are available:

1) The rice grain yield response from green manure nitrogen
was lower than the response from comparable fertilizer nitrogen.
Apparently the mineralization of the green manure did not provide the
same quantity of available nitrogen to the crop fertilized as did
ammonium sulfate fertilizer. Crop response to combinations of ferti-
lizer N and vetch N are shown in figure 1.

2) The amounts of available nitrogen (extractable and exchange-
able) in the soil indicate that fertilizer nitrogen provided signi-
ficantly more nitrogen than vetch during the first 45 days after
flooding, after which all available nitrogen was slowly released.
Figures 2a and 2b show the levels of nitrogen in the soil through-
out the growing season for selected treatments (Figure 2).

3) A comparison between inorganic and organic nitrogen sources
indicates that there were only small differences in the pattern§50f
nitrogen uptake by the crop. -The relative contribution of the -"“N-
labeled fertilizer to plant nitrogen uptake is shown in Figure 3, °
Lines E and F allow a direct comparison between the fertilizer and
green manure nitrogen sources.

4) Preliminary data suggest that the supply of available soil
nitrogen in the soil up until 45 days of the flooding, exerted a greater
influence on grain yield than the supply of nitrogen available after
this time. Since rice obtains about 75-80% of its total nitrogen from
soil sources, the contribution of the green manure and fertilizer
nitrogen is most important during the early growth stages. Figure 4
shows the correlation between available soil nitrogen at 30 days
after flooding and final grain yields.
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Effect of Slow Release Nitrogen Sources on Yield of Rice

Sulfur-coated urea has been prepared by the National Fertilizer
Development Center as a slow release nitrogen source for crops which may
be grown where nitrogen Tosses from the soil are inordinately high. An
experiment comparing sulfur-coated urea (SCU-25) with commercial fertilizer
urea was conducted at the UC-Davis Rice Facility. Rates of 60, 90, 120
and 150 pounds N/acre from each source were compared on rice grown in a
flush-drain-flood rice cultural system. The rice after fertilization and
planting was flush irrigated 3 times over 42 days before permanent flood
was applied. At harvest time, grain yields were determined by harvesting
the individual treatments. Yield data from the nitrogen source comparison
are given in Table 5.

Significant differences in rice yield were obtained from use of the
two nitrogen sources, sulfur-coated urea being significantly better than
commercial urea. The average yield of combined urea nitrogen rates was
3,355 kg/ha, while SCU-25 produced an average of 6,700 kg/ha with com-
bined rates of nitrogen.

Simultaneous with the establishment of the field experiment, nylon
bags (7 x 30 cm) were filled with soil and loaded with two sources of
sulfur-coated urea, SCU-11 and SCU-25. The SCU-11 has a slower dis-
solution rate than SCU-11. The bags were buried in the soil in plots
containing the SCU-fertilizer and were subsequently treatly like the
field experiment described dabove Filled nylon bags were removed just
prior to permanent flooding and at 14-day intervals after flooding to
measure the recovery of nitrogen from the sulfur-coated urea material.
Sulfur-coated urea in the nylon bags was segregated and dissolution
values calculated by the following equation.

Recovery (%) = Ave. wgt. of recovered grgng;es x %N in original sample x .90

100 - Recovery % = % Dissolution

The dissolution values obtained for the two SCU sources are.
reported below:

Percent recovery of
Sulfur-coated urea formulation

Sampling date SCU-25 SCU-11
Pre-permanent flood 32.5% 55.5%
June 25 28.0 8.5
July 8 20.6 52.5
July 23 16.5 33.6
August 6 7:5 27.1
August 21 6.0 Z1:3

Evidence suggests that SCU-11 would probably have been a more
effective formulation for rice based on its release of nitrogen over
a longer period of time. Only 6% remained of the SCU-25 material at
the end of the experiment compared with 21.3% of the SCU-11 remaining.
Where nitrogen losses are severe, conservation can be achieved with
'SCU fertilizer materials. - '



Nutrient Transformation in California Soils Affecting Rice Nutrition

Flooded soils undergo important physicochemical changes which markedly
influence the supply of available nutrients for the rice crop. In flooded
soils the processes that control soil fertility are pH, Eh, Ec, ionic
strength, sorption and desortpion, ion exchange, chemical kinetics, mineral
equilibria and microbial by-products. Each soil undergoes changes which
are characteristic of specific soil properties and their effects on rice
nutrition are highly interactive. Since the transformations occurring in
California rice soils have not be characterized, five major rice soils were
examined in a flooded condition as a means of predicting rice crop nutri-
tional behavior. Meyers clay, Willous clay, Stockton clay, Sacramento clay
and San _Joaquin loam were examined in this study. Changes in soil pH, Eh,
extractable, P Fe and Mn were examined in addition to rates of ammonifica-
tion of soil organice matter to available N.

Evidence present in figures la-b-c-d and e show the dynamic changes
which occur from the time a soil is flooded until 60 days after flooding.
Figures 1a and b show that pH values of the alkaline soils initially
decrease on flooding, but may increase in pH with time. Evidence exists
that among sodic soils that sodium bicarbonates and carbonates formed
under flooded conditions may cause pH-increases of at least one pH unit.
Redox potential is a measure of the intensity of oxidation or reduction.
The soils examined showed an initial decrease in Eh but an increase after
about 30 days of flooding and finally achieving a steady state.

Patterns of ammonia formation show increasing ammonia formation up
to about 30 days after which the release rate becomes fairly stable.
The addition of straw generally had a depressive effect on ammonia
formation, but its release was continuous over the period of the
experimentation. '

Extractable phosphorus generally increased after flooding and the
addition of straw slightly increased availability in some of the rice
soils investigated. Available phosphorus did not show dramatic changes
in availability 30 days after flooding. Extractable iron and manganese
increased markedly on flooding, reflecting the reduction of non-
exghangeab]e iron and manganese to more soluble forms (Figures 1d and
le).

The chemical kinetics show that soils low in ammonical nitrogen
would Tikely produce better rice production when basal nitrogen is
applied prior to flooding. Soils high in ammonia release may only
require late nitrogen top-dressing. Phosphorus, iron and manganese
availability improve with soil flooding, and flooding enhances the
availability of these nutrients.
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OBJECTIVE 3

Effects of temperature on the growth and development of rice

The effects of temperature on the growth and development of 10
California rice cultivars were determined in three controlled temperature
growth chambers installed at the University of California-Davis. Three
day-night temperature environments were maintained at 35 /20 C, 30 /15 C
and 25 /10 C during the study with varieties M101, S201, M7, M9, T55,
S-6, M301, M302, L2071 and Calrose 76. For convenience in this report the
effects of temperature are reported for (1) seedling growth, (2) vegeta-
tive stages from seedling to panicle initiation and (3) reproductive:
growth, from panicle initiation to flowering.

Seedling growth: There is general agreement that rice seeds ger-
minate faster as water temperatures are increased from minimal value
(about 15 C) to an optimum. Water temperatures of 25 C to 30 C are the
most favorable under California conditions, with shoot growth most rapid
at 86 F(?), but root elongation and anchorage best at about 25 C.
Temperatures above 30 C increase the number of "floating seedlings" and
make stand establishment difficult. Water temperatures exert more
influence on root growth than air temperatures. The seedling response of
10 California rice varieties to different day and night temperatures are
shown in Table 6.

Vegetative growth: Early and rapid tillering is important to good
photosynthetic activity, to smother weeds and ultimately to produce an
adequate number of panicles for optimum yield. Tillering ability, how-
ever, is not as important in California where 150 pounds seed/acre is
sown as it is where lower seeding rates are used because the number of
tillers per plant. Both the rate of tiller production.and the length of
the tillering (vegetative period) are affected by temperature. Higher
air temperatures increase the rate of tiller production but the duration
is shortened and the final number of tillers at harvest is reduced.
Tillering ability is complex, however, and varieties are affected dif-
ferently by temperature, 1ight intensity and the carbohydrate metabolism
of the plant.

The rate of leaf emergence increases with temperature over the
range of 16 to 36 C and water temperature is most critical. At the
Tower temperature leaf elongation is restricted but succeeding leaves
grow longer as temperatures are raised. Leaf respiration increases
with temperature to at least 45 C, but photosynthesis is relatively
insensitive to temperature, its main effects on net CO, exchange are
the result of its effect on respiration rates. Low te%peratures at
night or during periods of low light intensity appear advantageous -
to vegetative development. : :

The effect of day/nighf temperature on vegetative development
of 6 California rice varieties is shown in Table 7.

Nutrient uptake: Evidence is very clear that air and water
temperatures influence the uptake of plant nutrients and the carbo-
hydrate metabolism of rice. The concentration of mineral elements
gradually increases with a rising temperature regime up to about 30 C-
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day temperature and 25 C night temperature. The effect of water
temperature on nutrient absorption differs among various nutrients.
Phosphorus and zinc are the most strongly inhibited by low tempera-
ture (15 C) and inhibition usually decreases in the order of ammonium,
sulfur, potassium, magnesium and calcium. : '

The concentration of total sugar and crude starch and the ratio
of total available carbohydrate to nitrogen are usualiy higher at
Tow temperature, but translocation is often inhibited. Delayed
nutrient translocation delays plant development and grain formation.

Reproduction: The onset of floral initiation is marked by the
transformation of the apical growing point into floral primordia and
by the production of floral initials instead of axillary tillers.
The rate of panicle initiation is accelerated by high temperatures
and delayed at low temperatures. Low temperatures delay panicle
initiation is accelerated by high temperatures and delayed at low
temperatures. Low temperatures delay panicle exsertign more by
slowing down the leafing process than by inhibiting panicle initiation.
The optimum temperature range for panicle initiation is between 25 C
and 30 C by day and about 20 C at night. After panicle initiation,
the next most sensitive reproductive event is the meiotic stage of the
pollen mother cells, a time about 10-14 days before heading. The critical
temperature for this cold induced sterility is about 20 C. High tempera-
tures, usually above 35 C delays heading, causes incomplete panicle
exsertion, failure of anther dehiscence, desiccation of pollen grains
resulting in spikelet sterility and poorly filled grain.

Grain development: For grain formation, the critical low tempera-
ture 7s in the range of 12-18 C. Translocation of carbohydrates to the
developing grain is retarded at these low temperatures, but the ripening
period is also lengthened with the net result a greater final accumulation
of dry matter. Low temperature favors an increase in weight per grain
but it also delays the ripening process. High temperatures during
ripening 30 C reduce the capacity of the grain to act as a sink for
assimilates, resulting in chalky and chalky-centered kernels and an
_increased thickening of the bran layer.

Grain development: For grain formation, the critical low tempera-
ture s in the range of 12-18 C. Translocation of carbohydrates to the
developing grain is retarded at these low temperatures, but the ripening
period is also lengthened with the net result a greater final accumula-
tion of dry matter. Low temperature favors an increase in weight per
grain but it also delays the ripening process. High temperatures during
ripening 30 C reduce the capacity of the grain to act as a sink for
assimilates, resulting in chalky and chalky-centered kernels and an
increased thickening of the bran layer.

Temperature variations during the growth of rice are irregular and
are involved in a complex way with other environmental and plant factors.
Temperature, through various interactions from sowing to panicle initiation,
detrmine the number of pnaicles, the number of florets per unit area dn
affect the maximum potential rice yield. Temperature conditions before
panicle initiation and up until flowering determine heading dates and the
proportion of florets which will produce seed. Adverse conditions before
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floral initiation cannot be overcome by favorable conditions afterwards.
Where solar radiation is not a factor in grain ripening, as is the case
in California, rice yield is negatively correlated with mean daily air
temperature during the ripening period.

Soil temperature exerts a profound influence on chemical changes
which occur in a Meyers clay soil. Figure 5 shows a composite effect of
temperature and incubation time on changes in soil pH, partial pressure
of C0,, organic acid formation, denitrification, ammonification and iron
reduction. A1l these factors are significantly influenced by soil
temperature which in turn exert various effects on the growth and mineral
nutrition of the rice plant.

Thé Effect of Water Stress on Rice Yield Components.

The effects of moisture stress on rice has not been widely investi-
gated except on rainfed upland situations. With increasing pressures to
use agricultural irrigation more efficiently questions arise concerning
the optimum irrigation schedule for irrigating rice and the consequences
of moisture stress at the various growth stages of rice. Mr. E. M.
Abdelmalik has studied the effect of moisture stress on the growth and
yield components of a California rice variety. In this study at intervals
of seven days, twelve soil moisture treatments were imposed beginning 47
days after transplanting and continuing to the end of the growing
season. A constant soil moisture tension of 5.1 atmospheres was imposed
at 12 different water stress intervals for the variety M101. At grain
maturity, treated plants were harvested and evaluated for plant growth:
response and grain yield components.

Plant height was not as severely affected by water stress as other
yield components. Vegetative dry weight yield was most affected when
water stress was imposed during the mid-tillering to maximum tiller
stage. Percent grain sterility did not follow a well-defined pattern
and moisture stress during vegetative growth stages were not significantly
affected by blanking. Maximum blanking occurred in when moisture stress
occurred during the flowering-grain filling stage which also reduced the
seed index. The overall effects of moisture stress on yield was highly
significant. The greatest reduction in yield occurred when moisture
stress developed from mid-tillering to the panicle initiation stage.
Late season moisture stress, during grain filling had the least detri-
mental effect on rice yields. The yield contributing characters which
were affected by water stress in a decreasing order are: (1) number
of grains per panicle; (2) weight of grains per panicle; (3) number of
panicles per pot and (4) number of tillers per pot. Table 9 shows
the average rice yields and yield components affected by water stress
at different stages of growth and Table 10 - the simple correlation
coefficients of rice yields and yield components as affected by water
stress.

OBJECTIVE 4

Plant Growth Regulation to Improve Rice Production

A variety of plant growth regu]atorsAwere investigated during 1981
which are designed to improve the biological efficiency of rice. Sur-
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factant materials have been investigated in seed soaking to enhance the
germination and seedling growth of rice. A material designated SRS
appears to offer some promise but will require further field verification.

Three plant growth regulators have been investigated during 1981,
but some growth and yield data are still incomplete for reporting due
to the late 1981 rice harvest. Combinations of gibberellic acid,

6 benzyladenine, 1-cysteine and folic acids have been investigated with
apparent responses in growth and rice yields.

Partial results of the gibberellic acid (GA ) and 6 benzyladenine
(6 BA) experiment, where all combinations of 10 and 20 ppm of material -
were spray applied to rice at two weeks before panicle intiaiton, at
panicle initiation and two weeks after panicle initiation reveal that
statistically significant rice yield increases were obtained by the
treatments. Plant growth, heading and maturity were affected by com-
binations of S5A and 6BA at concentrations of 20 ppm.

PUBLICATIONS OR REPORTS

1. Mikkelsen, D. S. and S. K. DeDatta. 1980. Rice Culture. In Rice
Production and Utilization. AVI Publishing Co., Inc. pp 147-234.

2. Hafez, A. R. and D. S. Mikkelsen. 1981. Colorimetric determination
of nitrogen for evaluating the nutritional status of rice. Comm.
in Soil Science and Plant Analysis 12:61-69.

3. Wu, Y. L. and D. S. Mikkelsen. 1981. Some factors affecting germié
nation and emergence of water-sown rice. Journal of Agricultural
Association of China 114:1-14,

4. Kuo, S. and D. S. Mikkelsen. 1981. ‘The effects of straw and sulfate
amendments on sulfide production in two flooded soils. Soil Science
132, No. 5. : -

5. Mikkelsen, D. S. 1981. Effects of temperature on the growth and
development of rice. Rice Field Day Program. Sept. 1981.

6. Kuo, S. and D. S. Mikkelsen. 1981. Effect of P and Mn on growth
response and uptake of Fe, Mn and P by rice. Plant and Soil 62:15-22.

7. Mikkelsen, D. S. and F. E. Broadbent. 1981. Rice straw disposal
by soil incorporation. In Agricultural Residue Managementment -
A focus on rice sraw. pp. 46-54. Residue Management Task Force.
UC-Davis.

CONCISE GENERAL SUMMARY OF CURRENT YEAR'S RESULTS

1. Nitrogen transformations in flooded rice that lead to Tosses and _
reduced crop nitrogen use efficiency include direct- ammonia volati-
lization from the soil/water, losses directly from the plant plants
as gaseous ammonia, nitrification-denitrification losses and
immobilization by crop residues. Fertilizer nitrogen applied pre-
flood reduces losses to a minimum with California rice cropping
practices.
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Tentative critical nutrient values have been developed for the
new, short statured short and medium grain California rice
varieties. Long grain varieties have a lower plant leaf N
critical value and will require separate standards.

Slow release, sulfur coated urea materials significantly con-
serve nitrogen and increase nitrogen use efficiency under
conditions of flush-drain-flood rice management.

Green manure crops such as vetch, labeled with isotopic ]SN
did not release nitrogen to the crop as quickly as fertilizer
nitrogen. After 45 days from flooding rice soil Tevels of
extractable-exchangeable ammonium drop to very low values.
Soil nitrogen contributions are most significant during the
Tast 100 days of rice culture in California.

Rice production in California is significantly affected by -
day and night temperature variables during the growing
season. Effects on seedling development, vegetative and
reproductive growth were studied in controlled plant growth
chambers.

Table 1. Effect of rate, timing and method of nitrogen application
on crop performance.

 Treatment (Kg N/ha) _ Crop Yield Responses

Preplant  Mid-till Max Till P.I. Straw Roots . Grain
0 0 0 0 18.7 4.9 23.3

60 0 v 0 0 74.9 24.0 139.4
120 0 0 0 119.4 44.3 153.0
180 0 0 0 114.1 20.6 173.7
90 30 o 0 9.2 29.0 144.0
90 0 30 0 85.4 20.7 158.1

90 0 0 30 12,7 35.8 138.1

30 30 30 30 79.6 17.6 122.3
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Table 5.

Grain Yield at 14% moisture of urea, and sulfur-

coated urea at different N rates (Rice Facility, 1981).

Nitrogen
Fertilization rate Urea SCU rate
#N/AC means
kg/ha
60 3100 5462 4281 B
90 3311 6244 4778 BA
120 3410 7310 5360 A
150 3598 7784 5691 A
Treatment means 3355 A 6700 B

Means with the same Tetter has no significant difference

at 5% level.

Treatment means LSD (.05) = 695, LSD (.01) = 946
N rate means LSD (.05) = 983, LSD (.01) = 1339
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Table 7. Effects of day/night temperature on vegetative growth of
: California rice varieties.

4 Shoot Tength (mm) Root Tength (mm)
Variety 25/10 30/15  35/20%  25/10 _30/15 _ 35/20%C
M101 419.3 598.8 (17.2 413 (6.75> 6.0
M9 363.6 570.2 (623.57  3.19 (8.3®) 4.75
M301 366.4 592.0° (639.8)  3.13  .380 3.8
M302 372.4 581.1 ¢662.5°  3.88  7.06° 5.56
5201 412.9 586.6 (662.2 4.00 7.19> 5.69
S6 | 491.2  663.5 (757.% 3.69  7.63) 5.38
Average 404.3 598.7  677.1 3.67  (7.23 5.2
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Table 8. Mean values for some rice yiéld components as affected by moisture
stress at different stages of growth and development.

Time of water ' Vegetative
stress (days from Sterility dry wt. Plant height

transplanting) (%) gm/pot cm
47 10.70 32.5 84.70
54 7.53 47.4 79.80
61 5.23 69.8 94.50
68 3.95 87.6 _ 100.72
75 14.98 82.7 104.25
82 12.60 73.1 110.90
89 10.78 87.2 ~108.33
96 12.28 103.3 116.85
103 12.68 84.6 111.58
110 10.25 - 75.2 114.35
17 9.38 © 98.0 112.40
124 7.35 92.4 116.45

PLSD (0.05) NS , 20.6 .5.75

PLSD (0.01) N.S. 27.7 N
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FIGURE 1a, Effect of flooding on the pH and th of selected California soils.
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FIGURZ 1b, Effect of floodinz on the rates of ammonification of selectled
California soils, with and without added organic matter.
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FIGUKZ 1d, Effect of flooding on the extractable ferrous iron from selected
California soils, with and without added organic matter,
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FIGURE 1e, Z&ffect of flooding on the extractable manganese from selected

California soils, with and without added orzanic matter,
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FIGURE s,

Effect of soil temperature on some chemical
transformations occurring in lMeyers clay as
they influence the growth and yield of rice,

8]
o
o

ppm)
S

300

n
o
O

Denitrification
5
O

(NO3-N

400

-N ppm)
g

4

(NH

Ammonification
nN
O
O

60

50

40

Organic Acids m mol/l

»H
T

Iron Reduction
(Fme*mg/g)

6 8

10

12 0 2 4 6 8 10

Incubation Time (Weeks)

-100-



Grain Yield (lbs./acre x 100)
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FIGUREZ 6, Relationships between "Y-leaf" nitrogen at the mid-tillering stage
and grain yield in Sutter County trial,
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Grain Yield (Ibs./acre x 100)
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FIGURZ 7, Relationships between "Y-leaf" nitrogen at the mid-tillerinz stage
and grain yield in San Joaquin County trial,
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FIGURZ 8, Relationship between "Y-leaf" nitrormen at the nid-tillering stage
and grain yleld in the Colusa County trial,
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FIGURE 9, Relationships between "Y-leaf" nitrogen at the mid-tillering staze
and grain yield in the Butte County trial,
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