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Preface

This volume of the SARP Research Proceedings compiles recent work on rice-nitrogen
relations conducted by the various centres participating in the SARP research network.
Most of the papers included were presented at the ‘International Workshop on Nitrogen
Management and Modelling in Irrigated Rice', held 1-10 November 1993 at the Crop
Experiment Station, Suweon, Korea.

Rice scientists from 13 sites in six countries, including agronomists, soil scientists,
plant and crop physiologists, and plant breeders contributed to these proceedings. They are
all involved in SARP's 'Crop and Soil Management' research theme.

The idea to conduct a series of 'Common Experiments' was conceived in 1990 during
one of the training workshops on simulation and systems analysis. It was then felt that the
applicability of simulation models, both for forecasting and as management tools, was
limited because insufficient quantitative insights existed into basic rice-nitrogen relations.
Such refations affect nitrogen (N} conversions in soil and floodwater, root growth, the
uptake of N by the crop, and its utilization in converting radiation into biomass and,
ultimately, grain yield.

Thus, three ‘groups’ of experiments were succesively proposed by participating
researchers. The first group - Common Experiment 1 - focussed on N uptake in relation to
root growth, nitrogen application, and ammonium concentration m the soil solution, The
results were presented at a workshop hosted by the Universiti Pertanian Mataysia, May
1991, and have been reported elsewhere. These experiments generated new information
about temporal variations of nitrogen uptake and root growth under 'normat' N application
strategies, and provided a first basis for assessing fertilizer-N recovery as a function of the
time of applicatton. The cbservations on soil solution ammonium, however, proved
afflicted with methodological problems.

Common Experiment Il was designed during the above 'Malaysia meeting' to
investigate feedbacks between antecedent cumulative crop N uptake and current uptake
rate. The experimental setup enabled the determination of fertilizer recovery 'per split dose'
applied. The basic layout consisted of four treatments: fertilizer-N is or is not applied at
transplanting, and fertilizer-N is or is not applied at the stage of panicle initiation. The
resulting extreme N application schemes were not evaluated as alternatives to
recommended management practice, but to expose the processes underlying N uptake and
utilization.

During the International Rice Research Conference at IRRI in April 1992, a small
group convened to propose Experiment III. The purpose this time was to determine
maximum and minimum N concentrations in plant tissues, and to determine the N uptake
capacity of the crop at different stages under conditions of non-limiting N supply. The
experiment included a single - excessive - level of total N input for all treatments, but the



number of doses was varied in the different treatments, thereby shifting the date of the first
application and sometimes also the latest application.

Experiments II and ITI were conducted at several locations in India (Orissa, Tamil
Nadu), Indonesia (West Java), and The Philippines (Laguna), each with slight variations.
Most of the results are presented here, although a number of experiments still remain
undocumented. The first eight papers of this volume are reports of these common
experiments. There was a certain degree of liberty to tailor each of the trials to suit local
conditions (e.g. by choosing the total N input level) and individual interests (extra
treatments were often included). Because of these variations, the experimental details are
provided in every paper. Tables with basic observations are included as much as possible,
in order to fully document the trials. Some of the papers combine two or more
experiments.

The next five papers in this proceedings describe other process oriented experiments,
some investigating the role of organic or plant residue manures (Budhar et al.; Palaniappan
et al.), others focussing on root growth in relation to drainange (Ramasamy et al.) or soil
ammonivm dynamics (Sismiyati et al.). This group also includes a paper on N uptake and
utilization by hybrid rices in China (Qinghua et al.).

The remaining nine papers describe concepts or models, some of them based upon
results presented in the first part of this volume, or earlier (Thiyagarajan et al;
Pannangpetch et al; ten Berge et al.). Some of these contributions apply the information
obtained from detailed process oriented work to generate fertilizer management
recommendations and vyield forecasts. Two contributions not directly related to rice-
nitrogen were included since this work was done in the context of the ‘Crop and Soil
Management' theme, too (Singh; Kalra et al.). Gaunt et al. elaborate on the methodology of
soil solution sampling in flooded rice and its above-mentioned problems, The last three
short contributions discuss the potential limitations to nitrogen uptake by rice roots and
include detailed considerations on rhizosphere and floodwater chemistry. One of these
notes (Cassman et al.) proposes an experimental approach to assess the capacity of the root
system to absorb nitrogen at different growth stages.

Returning to the issue of applying models to improve input management at the farm
level, we feel that now a more solid basis exists to underpin hypothetical crop and soil
management strategies. This book provides a rich source of information, analyses and
viewpoints which can be applied to improve and site-tailor management in the field. Much
of the collected information has to be further analyzed and applied. That will be the task for
the remaining 1.5 years in SARP's third project phase. For a start, the workshop reported
here concluded last November that the next common experiment (IV) will address
computer-based site-specific fertilizer management recommendation in comparison with
current recommendations by the extension services. This will be done during 1994 in India,
China, Indonesia, and The Philippines. In the state of Tamil Nadu, nine substations of the
Tamil Nadu Rice Research Institute (Aduthurai) will include such comparison trials in their
experimental work, and their researchers will be trained to use the tools now (early 1594)
available.
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Growth, yield and uptake of nitrogen by irrigated rice as af-
fected by timing of fertilizer application

R.N. Dash, K.S. Rao and S.K. Nayak
Central Rice Research Institute, Cuttack 753006, Orissa, India

Abstract

A field experiment on N uptake and recovery of irrigated rice was con-
ducted at the Central Rice Research Institute (CRRI) in Cuttack, India, dur-
ing the dry season of 1992. The uptake and recovery of 100 kg N/ha applied
at panicle initiation (PT) stage was studied as a function of prior N status of
the crop. The N status of rice at PI was varied by applying either no nitro-
gen or 100 kg N/ha at 13 days after transplanting (DAT). The N content of
all plant organs (i.e. leaves, stems and roots) peaked at 22 DAT, after which
it decreased continuously until harvest if no more N was applied. The N
content of leaves, stems and roots suddenly increased if 100 kg N/ha was
applied at PI (43 DAT). The biomass of leaves, stems and roots increased
for all treatments and peaked at flowering stage. The application of 100 kg
N/ha at PI without any previous N application resulted in sudden increases
in leaf, stem and root biomass in the reproductive phase. These increases
were, however, still lower than the comresponding biomass increases result-
ing from an one time application of 100 kg N/ha at 13 DAT. The weight of
panicles in the reproductive phase was higher when 100 kg N/ha was ap-
plied at PI. The total N uptake by rice increased from transplanting to ma-
turity. The recovery of 100 kg N/ha applied at 13 DAT or at PI was similar.
The grain yield of rice was highest when 100 kg N/ha was applied at P1
without prior N application. The relationship between maximum N uptake
and dry matter yield was slightly curvilinear. The recovery of 100 kg N/ha
applicd at P1 was around 30%, two days after application. However, at 62
DAT, almost all the N from the second split application at PI stage was
recavered by the crop.

Introduction

In most rice soils application of N fertilizer is necessary, especially if nitrogen responsive,
modern rice cultivars are grown with improved cultural practices. Thete are two reasons
for not getting expected yield levels after application of fertilizer N to rice. Either the re-
covery of fertilizer N is poor or the efficiency at which nitrogen, once taken up, is used
for grain production is low. To study both fertilizer N recovery and crop nitrogen utiliza-
tion, a series of experiments were conducted at several locations within the framework of
SARP. This paper presents the results of an experiment designed to reveal the effects of
early crop N status on recovery of fertilizer N applied at panicle iniation (PI) stage, and
on utilization of N by the crop.



Materials and methods

A field experiment was conducted during the dry season of 1992 at the Central Rice
Research Institute, Cuttack (20.5° N, 86.59E), Orissa, India, to study growth, yield and N
uptake by irrigated rice, as affected by N status of the plant. The experimental site is situ-
ated in the Mahanadi delta. The soil is of clay loam texture and is classified as a Typic
Haplaquept with a pH of 6.1 and a CEC of 15 me/100g. Treatments comprised timing and
rate of N fertilizer application (Table 1): 100 kg N/ha was applied at PI (T2), 13 DAT
(T3) or at both 13 DAT and PI {T4). A control treatment (no N) was also included (T1).
All four treatments were replicated three times in a complete randomized block design.
Plot size was 30 m2. N was broadcasted in the form of urea. P and K were applied basally
at a rate of 40 kg/ha and 30 kg/ha respectively. Seedlings of ¢v. IR36 (21 days old) were
transplanted in puddled soit on 28 January 1992. Plant spacing was 20 cm x 10 cm. The
scedlings were collected from a nursery sown on 8 January 1992 which received 10 kg
N/ha as urea 15 days afier sowing. Adequate plant protection measures were taken
throughout the crop cycle. Plots remained flooded throughout the experiment.

AtQ, 14, 16, 22, 32, 39, 43, 45, 62, 72 and 93 DAT, 10 hills were sampled in each
plot and dry weights of leaves, stems (including leaf sheaths), roots, panicles and grains
were determined. Samples were, therefore, collected just before and after fertilizer appli-
cation. Samples for T1 and T2 and samples for T3 and T4 were combined to composite
samples up to 43 DAT. The number of tillers in each sample was counted. The N content
of all plant organs was determined using the micro-Kjeldahl distillation method. Per plot a
5m2 harvest area was used to determine final straw and grain yield.

Table 1. Overview of timing and rate of fertilizer N application for the various treatments
in the field experiment. Cuttack, dry season, 1992,

Treatment N applied N applied Total
at 13 DAT at PI
(kg/ha) {kg/ha) (kg/ha)
T1 0 0 0
T2 0 100 100
T3 100 0 100
T4 100 100 200




Results and discussion

Panicle initiation was reached at 43 DAT for all treatments. Flowering (defined as the
moment when 50% of the hills have at least one flowering panicle) occurred at 76, 74, 77
and 74 DAT for T1, T2, T3 and T4 respectively. Topdressing of N at PI (T2, T4)
resulted, therefore, in earlier flowering. All plots were harvested at 108 DAT.

Number of tillers per m?

Application of N resulted in a larger number of tillers per m? than was observed for the
zero-N treatment (Figure 1). The highest number of tillers per m2 at any stage was ob-
served for T4. If 100 kg N/ha was applied at PI to a crop with a low N status (T2), an in-
crease in tiller number per m2 was observed up to 62 DAT, and a decrease from 62 DAT
up to harvest. Tiller number at harvest was higher for T2 than for T3.

Number of tillers per m2
1200

1000

600
400

200¢

20 40 60 30 100
Days after transplanting

—Tl —T2 *7T3 =T4

Figure 1. Number of tillers per m2 at different growth stages of cv IR36. Treatment codes
are explained in Table 1. Cuttack, dry season, 1992.

Dry weight of plant organs

Application of N resulled in an increase in biomass of leaves, stems and roots. (Tables 2,
3 and 4). The highest leaf weight at any growth stage was observed for T4. T2 leaf
weights increased after N application at Pl but remained lower than T3 (Table 2). In all
treatments, stermn weight increased until flowering and decreased afterwards (Table 3). In
contrast to leaf weight, stem weights were highest for T3, at any stage of the experiment.
T2 (low N status at PI) stem weight increased after N application, but did not reach the
stem weight observed for T3. The fact that T4 stem weights were lower than T3 stem
weights might be attributed to reduced accumulation of stern reserves under high N con-
ditions (Yoshida, 1981).



Table 2. Dry weight of green leaves (kg/ha) of cv IR36 in the field experiment. Treatment
codes are explained in Table 1. Cuttack, dry season, 1992,

Treat- Days after transplanting
ment

0 14 16 22 32 3% 43 45 62 79 93

Tl 45 333 334 936 362 525 581 675 1400 1588 1125
T2 45 333 334 936 362 525 581 825 1950 2200 2163
T3 45 357 454 1415 550 944 1269 1338 2088 2313 2513

T4 45 357 454 1415 3550 944 1269 1350 3525 3700 3025

Table 3. Dry weight of stems (kg/ha) of cv IR36 in the field experiment. Treatment codes
are explained in Table 1. Cuttack, dry season, 1992,

Treat- Days after transplanting
ment

0 14 16 22 32 39 43 45 62 79 93

T1 46 266 307 938 406 806 894 1050 3075 4750 3188
T2 46 266 307 938 406 806 894 1163 3188 5625 4412
T3 46 314 411 1202 643 1131 1663 1750 4900 6563 5300
T4 46 314 411 1202 643 1131 1663 1688 4750 6025 4963

Table 4. Dry weight of roots (kg/ha) of cv IR36 in the field experiment. Treatment codes
are explained in Table 1. Cuttack, dry season, 1992,

Treat- Days after transplanting
ment

0 14 16 22 32 39 43 45 62 79 03

Tl 25 102 124 342 193 4816 556 638 1550 1287 575
T2 25 102 124 342 193 481 556 638 1087 1225 862
T3 25 138 118 470 256 625 794 1012 1475 2050 1650
T4 25 138 118 470 256 625 794 812 1100 1637 1100




The weight of the roots (Table 4) continued to increase until flowering after which it
decreased. Highest root weight was observed in T3 at all stages of crop growth.

The weight of panicles at 79 DAT was lowest in T1 and T3 (Table 33, which can be
explained by the delay in flowering date. Panicle weights of T3 increased more rapidly
from 79 DAT to harvest than of T2. De Datta (1978) observed that N uptake by the plant
from tillering to panicle initiation tends to increase the number of tillers and panicles. N
absorbed during panicle development (from panicle initiation to flowering) increases the
number of filled spikelets per panicle. Nitrogen uptake after flowering tends to increase
the 1000 grain weight. The present experiment confirms these observations. The number
of panicles in T2 (Table 5) was lower than in T3, but the weight of panicles (i.e. the
combined result of spikelet number per panicle and 1000 grain weight) was higher.

It is interesting to compare the time course of dry matter accumnulation for T2 and T3
(Figure 2). T3 dry matter production increased gradually from transplanting to harvest,
whereas T2 total dry matter increased suddenly after PI due to the fertilizer application,
thereby reducing the initial large difference between these two treatments.

Table 5. Dry weight of panicles (kg/ha) and number of panicles per m? of cv IR36 in the
field experiment. Treatment codes are explained in Table 1. Cuttack, dry season, 1992.

Treatment Number of panicles m2 Weight of panicles (kg/ha)
Days after transplanting Days after transplanting
79 93 79 93

Ti 325 375 2138 4288
T2 375 463 2900 6912
T3 388 488 1912 6550
T4 513 538 2863 8438
Total N uptake

High levels of N application resulted in a higher crop N uptake (Figure 3). When 100 kg
N/ha was applied at PI to a crop of low N status (T2), total N uptake increased rapidly
upto 181 kg/ha at harvest. The T2 N-uptake surpassed the T3 N-uptake at 62 DAT.
Tanaka et al. (1959) found that at high N rates (i.e. 120 kg N/ha), nitrogen absorbed by
the crop during the vegetative stage is stored for use at later growth stages. Temperature
has a great effect on the mineralization and absorption of soil nitrogen. Yanagisawa and
Takahashi (1964) reported that rice on the highly productive soils in the cooler parts of
Japan derived 60-80% of total N uptake from the soil during the later growth stages. In
the present experiment, absorption of nitrogen was still possible after flowering presum-
ahly because the temperature was relatively high.
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Figure 2. Total above ground dry matter (kg/ha) of cv IR36 in the field experiment.
Treatment codes are explained in Table 1. Cuttack, dry season, 1992,

Total crop N uptake (kg/ha)
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Figure 3. Total N uptake (kg/ha) of cv IR36 in the field experiment. Treatment codes are
explained in Table 1. Cuttack, dry season, 1992.



Table 6. Grain and straw yield (t/ha) and grain : straw ratio at harvest of ¢v IR36 in the
field experiment. Treatment codes are explained in Table 1. Cuttack, dry season, 1992,

Treatment Grain Straw Total Grain:Straw
T1 52 5.0 10.2 1.04
T2 7.2 6.0 13.8 1.09
T3 6.0 68 128 0.88
T4 6.8 8.2 17.5 0.83

Grain and straw vields

Rice grain and straw yields (Table 6) were lowest in the control (no nitrogen) treatment.
Highest grain yields were observed for T2, whereas highest straw yields were found in
case of T4. Straw yields of T2 and T3 were quite similar, but the difference in grain yield
was substantial. The grain:straw ratic was highest for T2 followed by T1. Application of
200 kg N/ha lowered the grain:straw ratio compared to all other treatments.

N content of stems and leaves
The N content of leaves and stems reached its maximum at 22 DAT (Tables 7 and 8) and
decreased continuously until harvest for T1 and T3. Topdressing at PI (T2 and T4) caused
a sudden increase in N content. Maximum leaf N content was 7.0%. T4 showed the high-
est stem and leaf N contents at all stages of crop growth. Tanaka (1964) also observed
higher leal N contents at early growth stages of rice. Yanagisawa et al, (1967) found that
nitrogen applied at PI or at flowering reduced the rate of senesence of the lower leaves.
The straw N content at harvest was similar for T2, T3 and T4 (1.2%) and higher than
T1 (0.8%).

Table 7. N content (%) of green leaves of cv IR36 in the field experiment. Treatment
codes are explained in Table 1. Cuttack, dry season, 1992.

Treat- Days after transplanting

mnent
0 i4 16 22 32 39 43 45 62 79 93

T1 34 51 55 55 40 34 29 28 22 15 15
T2 34 51 55 55 40 34 29 39 28 17 17
T3 34 58 39 70 44 40 33 33 22 16 13
T4 34 58 359 70 44 40 33 39 31 23 19




Tabte 8. N content (%} of stems of cv IR36 in the field experiment. Treatment codes are
explained in Table 1. Cuttack, dry season, 1992.

Trealt- Days after transplanting
ment

0 14 16 22 32 39 43 45 62 79 93
T1 21 23 29 26 17 12 11 11 09 037 07
T2 21 23 29 26 17 12 it 21 12 10 07
T3 21 31 34 36 20 18 15 13 10 08 07
T4 21 31 34 36 20 18 15 26 16 12 10

Table 9. N content (%) of roots of ¢y IR36 in the field experiment. Treatment codes are
explained in Table 1. Cuttack, dry season, 1992,

Treat- Days after transplanting
ment

0 14 16 22 32 39 43 45 62 79 93
Tl 20 20 18 15 14 12 10 09 08 10 09
T2 20 20 18 15 14 12 10 13 09 11 10
T3 20 25 25 22 15 15 12 11 0% 10 10
T4 20 25 25 22 15 15 12 13 12 13 10

N content of roots

Early application of N resulted in a significant increase in root N content (Table 9). The
root N content was high at 14 DAT and decreased continuously until 62 DAT in case of
T1 and T3. T2 and T4 root N contents peaked at 45 DAT due to the fertilizer application
at PI. Highest root N contents at any time during the experiment were observed for T4.

N content of panicles and grains

Highest panicle N contents (Table 10) were found in T2 and T4 where flowering occurred
earlier than in the other two treatments. High N content during the middle of the crop cy-
cle ensures an adequate number of spikelets to achieve high yield but may caunse lodging
and poor filling of grains due to shading as a result of vigorous vegetative growth
{Murayama, 1979). A high N content is, however, required during grain filling if carbo-
hydrate supply to grains is to be maintained by photosynthesis. The grain N content at
harvest was 1.4% for T4 and 1.2% for T1, T2 and T3.



Table 10. N content (%) of panicles of ¢v IR36 in the field experiment. Treatment codes
are explained in Table 1. Cuttack, dry season, 1992.

Treatment Days after transplanting
79 93
T1 10 1.2
T2 L.5 1.5
T3 L2 1.3
T4 20 1.6

Total N-uptake of plant organs

The proportion of total N-uptake by each of the plant organs is shown in Figure 4. For all
treatments the proportion of total absorbed N by the leaves was highest among the plant
organs upio 45 DAT, In case of T4, this was also true at 62 DAT. The proportion of ab-
sorbed N by the roots was highest during the period from 39 DAT to 45 DAT (PI stage).
The amount of N allocated to the stems was highest for T2 from 62 DAT onwards, ulti-
mately leading to the highest yield.
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Figure 4, The proportion of absorbed N in different plant organs of cv IR36 in the field
experiment. Treatment codes are explained in Table 1. Cuttack, dry season, 1992,



Leaf:stem and root:shoot ratios

The leaf:stem ratio (Figure 5) generally increased after N application. The highest
leaf:stemn ratio was found for T4 throughout the experiment. The root:shoot ratio (Figure
6) decreased upon N application. T4 maintained the lowest root: shoot ratio at all stages
of crop growth. Application of 100 kg N/ha to a crop of low N status at PI reduced the
root:shoot ratio. This ratio was comparable to the root:shoot ratio in treatment T3 during
45-62 DAT. Between 79-93 DAT the root:shoot ratio in treatment T2 was lower than in
treatment T3.

Leaf - stem ratio
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Figure 5. Leaf:stem ratios of IR36 in the field experiment. Treatment codes are explained
in Table 1. Cuttack, dry season, 1992.
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Figure 6. Root:shoot ratios of IR36 in the field experiment. Treatment codes are explained
in Table 1. Cuttack, dry season, 1992,
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Recovery of N from the second fertilizer application

The recovery of the 100 kg N/ha applied at P1 by the rice crop, and its dependence on
prior crop N status was investigated (Figure 7). The total N uptake of the crop from Pl to
harvest was compared for the various treatments. To account for the differences in N
status at P, T2 was compared with T1 and T4 with T3. The difference in N uptake, di-
vided by the 100 kg N/ha that was applied at Pl is considered as the apparent recovery of
N applied at P1. The very high rate at which N is absorbed directly after application is re-
markable (apparent N recovery is about 0.3 at 45 DAT). At 62 and 79 DAT almost all N
applied at PI was recovered by the crop with high N status at PI (T4). At low N status at
P1 (T2) the recovery of PI applied N was lower and continued to increase slowly from
0.31 to 0.84 (kg N recovered) / (kg N applied) during the 45 - 93 DAT period. At 93
DAT, total N uptake of T2 and T3 was similar {(Figure 3}, which implies that the recovery
of the N applied at PI in T2 was comparable to the recovery in T3 of the early applied N.
The efficiency of N uptake from fertilizer at different times of application has been de-
termined by tracer techniques. Yanagisawa et al. (1967) found that 55% of nitrogen ap-
plied before heading was taken up by the plant. At flowering recovery was 49%, at tiller-
ing 34%, and at transplanting as a basal dressing 7%.

Studies in California showed that 45% of tracer 15N was absorbed when nitrogen
was topdressed at the booting stage (Patnaik and Broadent, 1967). In this experiment,
recovery percentages were much higher from 62 DAT to 79 DAT, probably due to
absorption of soil N together with fertilizer N applied at PI (Broadbent and Reyes, 1971).
The application of fertilizer N might have stimulated the release of soil N during the
reproductive phase as was also observed by Koyama et al. (1973) and Westerman and
Kurz (1973).

Apparent N recovery
1 —

0.8}
0.6
c4

0.2

45 62 79 93
Days after transplanting

B High N status at PI [} Low N status at PI

Figure 7. Apparent recovery (kg uptake / kg applied) by cv IR36 of N applied at PIL.
Treatment codes are explained in Table 1. Cuttack, dry season, 1992,
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Relation between N in the crop and total dry matter and yield of rice

The relationship between maximum crop N uptake and maximum dry matter and yield of
rice was examined (Figure 8). The relationship between maximum N uptake and dry mat-
ter production is slightly curvilinear. However, no such relationship exists between maxi-
mum N uptake by the crop and grain yield. Whereas dry matter production appeared to be
determined by the amount of applied N and less by timing of application, grain yield re-
sponded strongly to both timing and application level.

20 Dry matter (1/ha) Grain vield (t/ha) 5
15 16
o {4
5 12
0 * : ' ! : 0
0 50 100 150 200 250 300

Max. N uptake (kg/ha)

-=- Dry matter —+ Grain yield

Figure 8. The relationship between crop N uptake and maximum dry matter and grain
yield of cv IR36. Treatment codes are explained in Table 1. Cuttack, dry season, 1992.

Conclusions

Application of N at Pl increased dry weights of leaves, stems, and panicles, and also their
N content and total N uptake in a crop with either initial low or high N status.

Grain yield responded strongly to the amount and timing of N application. The appar-
ent recovery of applied N at PI was higher for a crop with high initial N status than for a
crop with low initial N status. There was a close relationship between maximum crop N
uptake and total dry matter yield of rice,
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The effect of time of nitrogen application on growth and per-
formance of rice - a process study

K.S. Rao, R.N. Dash and M.V.R. Murty

Central Rice Research Institute,
Cuttack-753006, Orissa, India

Abstract

Two field experiments were conducted at the Central Rice Research
Institute (CRRI), Cuttack, Orissa, India, one during the wet season of 1991
(Experiment I) and one in the dry season of 1993 (Experiment II).
Experiment I was designed to study the nitrogen (N) uptake from 100 kg
urea-N/ha applied at panicle initiation (PI} by rice cultivar IR36, as a func-
tion of prior crop N status. Two levels of crop N status at PI were estab-
lished by applying either no N or 100 kg N/ha at 10 days after transplanting.
In Experiment 11, 200 kg N/ha was applied in different splits coinciding
with various growth stages. The maximum number of urea applications was
7, ie. at transplanting, seedling establishment, active tillering, maximum
tillering, PI, in between PI and flowering, and at flowering. Observations on
biomass and nitrogen content of roots, stems, leaves, panicles and yield and
yield attributes were recorded,

In Experiment 1, application of 100 kg N/ha at PI increased the grain yield
through an increase in the number of productive tillers, filled grains and the
1000-grain weight. The magnitude of increase was larger for a crop with
low initial N status than for a crop with high initial N status. The recovery
percentage of total applied N as well as of the second N split was larger for
a crop with a lower initial N status,

In Experiment II, highest yields (around 7.5 t/ha) were obtained when N
was applied in § or more splits either skipping a basal application or appli-
cations in between PI and flowering and at flowering. Delay in N applica-
tion beyond active tillering stage reduced grain yield by reducing the num-
ber of panicles. Similarly, the omission of N application after the active
tillering stage reduced grain yield by reducing harvest index and increasing
the number and percentage of unfilled grains.

In both experiments the percentage of unfilled grains was relatively high
(i.e. 30% in Experiment I and 20-25% in Experiment II}.
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Introduction

Nitrogen (N) is an important growth limiting factor for rice. Recovery of fertilizer N ap-
plied at different growth stages may vary widely. It is therefore important to develop a
good understanding of the processes of nitrogen transformations in soil and plant. Much
work on N in rice has focussed on loss processes in relation to flood water and soil chem-
istry and biology (De Datta and Patric, 1986). Detailed physico-chemical models have re-
cently become available (Rachpal Singh and Kirk, 1993) which serve as a basis for under-
standing the fate of mineral N in the soil-water system. Also, the utilization of N by the
crop, once it is absorbed, and its effects on dry matter production are now largely under-
stood (Yoshida, 1981., Kropff et al., 1993). Gaps still exist in our understanding of certain
aspects, e.g. dry matter partitioning and sink formation as a function of N uptake, and N
uptake capacity of the rice crop as a function of current N status of the crop. An under-
standing of such topics is essential to extrapolate quantitative results from agronomic re-
search to other environments, to develop new nutrient management strategies with re-
duced losses to the atmosphere and ground water and to provide guidance to breeding pro-
grammes. The present study addresses two questions: (1) how does the N status of the
crop, at a given development stage, determine the capacity of the crop to take up N from
the s0il? (2) how does growth and grain yield of rice respond to the application of a simi-
lar amount of N given at different growth stages? Two experiments conducted along the
lines of a common design proposed within the SARP research framework (see the intro-
duction to this volume) are reported here.

Materials en methods

Experiment I

This experiment was conducted during the wet season of 1991 at the Central Rice
Research Institute (CRRI), Cuttack, India (20.5°N, 86.0°E)} to study the growth, yield, N
uptake and recovery from nitrogen application at panicle initiation (PI) in relation to prior
N status of the crop. The soil was of clay loam texture (Mahanadi delta sediment), classi-
fied as a Typic Haplaquept (pH = 6.1, CEC = 15 me/100 g and N = 0.07%). Different
levels of pre-PI crop nitrogen status were established by applying either no nitrogen or
100 kg N/ha at 10 days after transplanting (DAT). At PI again either no nitrogen or 100
kg N/ha was applied. The treatments and other experimental details are given in Table 1.
The experiment was conducted in a complete randomized block design with 4 replicates
per treatment. Plot size was 25 m2. Twenty five days old seedlings of a medium duration
rice variety IR36 were transplanted in puddled soil on 11 September, 1991 with a plant
spacing of 15cm x 15cm. The seedlings were collected from a nursery sown on 17
August, 1991 which received 10 kg N/ha as urea 15 days after sowing. Adequate plant
protection measures were taken throughout the growth period of the crop. P and K fertil-
izer were applied basally at a rate of 50 kg/ha each.
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Table 1. N-fertilizer treatments in Experiment I (Cuttack, wet season, 1991).

Treatment Nitrogen application Total

code (kg/ha)

AT 10 DAT ATP1

T1 0 0 0
T2 0 100 100
T3 100 0 100
T4 100 100 200

Experimental details :

Variety 1 IR36

Plant spacing : 15emx 15cm

Dates of

Seeding : 17.08.1991

Transplanting ¢ 11.09.1991

Maximum tillering : 11.10.1991 30 DAT

Panicle initiation :23.10.1991 42 DAT

Flowering : 11.11.1991 (T1 & T3) 62 DAT
©15.11.1991 (T2 & T4) 66 DAT

Harvesting : 16.12.1991 97 DAT

Fertiliser Application :

Ist Split ¢ 21.09.1991 10 DAT

2nd Split 1 23.10.1991 42 DAT

Sampling:

1st Sample 1 20.09.1991 10 DAT

2nd Sample o 01.10.1991 21 DAT

3rd Sample ¢ 21.10.1991 41 DAT

4th Sample : 05.11.1991 56 DAT

5th Sample : 15.11.1991 66 DAT

6th Sample : 16.12.1991 97 DAT

DAT = days after transplanting  PI = panicle initiation
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Eight hills were sampled to determine dry weight of leaves, stem, roots, panicle and grains
at 0, 10, 21, 41, 56, 66 and 97 DAT. The crop was harvested on 16 December, 1991
(harvest area = 12 m? per plot). A yield component analysis was conducted on 8 hills per
plot. For each treatment a harvest index was calculated as grain weight (14% moisture
content) divided by total crop dry mass. The ground plant samples and grain samples were
analysed for N using the micro-Kjeldahl distillation method.

Experiment I

This experiment was conducted during the dry season of 1993, again at the CRRI experi-
mental farm. Seedlings of rice cvar IR36 (35 days old) were transplanted in puddled soil
on 28 January, 1993 at a plant spacing of 15 cm x 15 cm. P and K were applied basally at
a rate of 50 kg/ha, Nitrogen (200 kg/ha) was applied as urea in different splits coinciding
with various growth stages of the crop (Table 2). Flowering was defined here as the stage
when 90% of the hills had at least one flowering panicle. A control (no nitrogen) treat-
ment was included. A standing water depth of approximately 5 cm was continuously
maintained throughout the crop growth period. The experiment was laid out in a random-
ized block design with 3 replications. Plot size was 15 m2. Adequate plant protection
measures were taken throughout the growth period of the crop. Eight hills were sampled
to determine dry weights of leaves, stem, roots, panicle and grains at 0, 39, 48, 62, 69 and
92 DAT. Yield (harvest area: 12 m2 per plot) and yield attributes (from 8 hills per plot)
were recorded at harvest. For cach treatment the harvest index was calculated as described
for Experiment I.

Results and discussion
Experiment I

Dry Weight of Plant Organs

Dry weights of leaves, stems, roots and panicles are presented in Table 3. Total leaf and
stem dry weights reached maximum values at flowering stage and thereafter decreased.
Highest leaf and stem weight was recorded at all stages of crop growth in case of
Treatment T4 where 200 kg N/ha was applied in two equal splits. At initial low N status
of the crop (T2), the leaf and stem weights were low initially but increased steeply at 56
and 66 DAT due to application of N at PI. The increase in leaf weight in these treatments
was more pronounced than the incrcase in stem weight. Application of N resulted in
greater root production in all treatments compared to the control. Root mass continued to
increase until flowering (with a temporary decrease at 56 DAT) after which it declined.
The weight of panicles increased as crop growth progressed and reached its maximum at
harvest, i.e. at 97 DAT. Delay in flowering was noticed in Treatments T2 and T4 which
resulted in low panicle weight at 56 and 66 DAT. However, at harvest the panicle weight
was highest in T4, The panicle weight of T2 increased significantly after flowering as
compared to T3, such that the initial difference between these treatments narrowed down,

17



Table 2. N-fertilizer treatrments in Experiment II (Cuttack, dry season, 1993).

Treat- TR SE AT MT Pl PI-F F Total
ment 10 DAT 21 DAT 33 DAT 46 DAT 56 DAT 67 DAT
Tl 0 0 0 0 0 0 0 0
T2 0 0 0 0 66.6 66.6 66.8 200
T3 0 0 0 50 50 50 50 200
T4 0 0 40 40 40 40 40 200
TS 0 333 333 333 333 333 335 200
T6 28.5 28.5 28.5 28.5 28.5 28.5 29 200
T7 333 333 333 333 333 335 0 200
T8 40 40 40 40 40 0 0 200
T9 50 50 50 50 0 ¢ 0 200
T10 66.6 66.6 66.6 0 0 0 0 200
T11 100 100 0 0 0 0 0 200

Experimental details:

Variety IR36

Plant spacing 15cm x 15¢em

Dates of

Seeding 25.12.1992

Transplanting 28.01.1993

Maximum tillering 03.03.1993 33DAT

Panicle initiation 15.03.1993 46 DAT

Flowering 31.03.1993 (T2 to T6) 62 DAT

05.04.1993 (T1 & T7to T11) 67 DAT

Harvesting 30.04.1993 92 DAT

Fertilizer application:

1st Split 28.01.1993 0 DAT

2nd Split 07.02.1993 10 DAT

3rd Split 18.02.1993 21 DAT

4th Split 03.03.1993 33DAT

5th Split 15.03.1993 46 DAT

Gth Split 25.03.1993 56 DAT

7th Split 05.04.1993 67 DAT

Sampling:

1st Sample 15.02.1993 18 DAT

2nd Sample 08.03.1993 39 DAT

3rd Sample 17.03.1993 48 DAT

4th Sample 31.03.1993 62 DAT

5th Sample 07.04,1993 69 DAT

6th Sample 30.04.1993 92 DAT

TR  =transplanting, SE = seedling establishment

AT  =active tillering MT = maximum tillering

Pl = panicle initiation PI-F =in between PI and flowering

F = flowering DAT = days after transplanting.
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Total dry matter production gradually increased with crop age and reached its maximum
at harvest for all treatments. The Treatment pairs T1-T2 and T3-T4 produced almost
similar dry mass until PI. Thereafter Treatments T2 and T4, which received 100 kg N/ha
at panicle initiation, produced more dry matter than T1 and T73. The application of 100 kg
N/ha at PI to the crop having low initial N status (T2) resulted in larger increase in dry
matter production than for the crop having higher initial N status (T4).

Leaf:Stem Ratio

Leaf:Stem ratios are presented in Figure 1. The leaf:stem ratio was found to be unaffected
by the initial higher crop N status at PI, after which high crop N produced higher
leaf:stem ratio. T2 maintained the largest leaf:stem ratio at 56 and 66 DAT. At harvest the
leaf:stem ratios of T2 and T4 were almost identical.

Total dry matter production gradually increased with crop age and reached its maxi-
mum at harvest for all treatments. The Treatment pairs T1-T2 and T3-T4 produced almost
similar dry mass until PI. Thereafter Treatments T2 and T4 which received 100 kg N/ha at
panicle initiation produced more dry matter than T1 and T3. The application of 100 kg
N/ha at PI to the crop having low initial N status (T2} resulted in larger increase in dry
matter production than for the crop having higher initial N status (T4).

Leaf:stem ratio

1.2

0.2+

0 | L { | i
0 10 21 41 56 66 97

Days after transplanting

=Tl —T2 ¥T3 O T4

Figure 1. Leaf:stem ratio at different days after transplanting for rice cvar IR36 in
Experiment I (Cuttack, wet season 1991).
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Table 3. Dry weight (kg/ha) of roots, stems, leaves and storage organs of rice cvar IR36 in
Experiment I (Cuttack, wet season, 1991) at different days after transplanting (DAT).
Treatment codes are explained in Table 1.

Treatment 0DAT 10DAT 21 DAT 41DAT 56DAT 66DAT 97 DAT

Biomass of leaves (kg/ha)

T1 34 51 152 981 1161 1160 822
T2 34 51 157 966 1295 1437 961
T3 34 52 221 1133 1363 1397 1008
T4 34 52 215 1141 1440 1575 1185
Biomass of stems (kg/ha)
Tl 32 48 161 1212 2044 2568 1968
T2 32 48 175 1189 2065 2680 2198
T3 32 51 240 1358 2618 3216 2605
T4 32 49 233 1350 2675 3285 2615

Biomass of roots (kg/ha)

T1 23 30 126 572 476 543 414
T2 23 46 128 577 504 602 465
T3 23 53 172 607 526 702 591
T4 23 33 165 608 557 705 581

Biomass of panicles + grains (kg/ha)

T1 - - - - 305 1779 3621
T2 - - - - 201 1771 4702
T3 - - - - 241 1948 4819
T4 - - - - 233 1766 5213

Total crop biomass (kg/ha)

Tl 29 149 439 2765 3986 6050 6825
T2 89 145 460 2732 4065 6490 83206
T3 89 156 633 3098 4748 7263 9023
T4 89 154 613 3099 4905 7331 9594
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Nitragen in Plant Organs

The nitrogen contents of leaves, stems, roots, and panicles are presented in Table 4. The
nitrogen content of leaves and stem attained their maximum values at 21 DAT. For roots
this occurred at 10 DAT (T1, T2) and 21 DAT (T3, T4). A peak in N content was ob-
served in T2 and T4 at 56 DAT due to nitrogen application at P1. The nitrogen content of
panicle and grains was highest for the T2 and T4 Treatments throughout the reproductive
phase.

Table 4. N content (%) of leaves, stems, roots and storage organs of rice cvar IR36 in
Experiment I {Cuttack, wet season, 1991) at different days after transplanting (DAT).
Treatment codes are explained in Table 1.

Treatment 0 DAT 10 DAT 21 DAT 41DAT 56 DAT 66 DAT 97 DAT

Nitrogen content (%) of leaves

T1 3.42 5.12 5.51 2,93 241 220 1.30
T2 3.42 5.12 5.51 293 3.65 2.83 1.63
T3 342 5.12 7.00 3.35 3.04 2.35 1.37
T4 3.42 5.12 7.00 3.35 3.75 2.39 1.68

Nitrogen content (%) of stems

T1 2.14 233 2.65 1.13 1.01 0.91 0.71
T2 2.14 2.33 2.65 1.13 2,05 1.33 0.85
T3 2.14 2.33 3.63 1.50 1.26 1.05 0.79
T4 2.14 2.33 3.63 1.50 2.06 1.41 0.93

Nitrogen content (%) of roots

T1 2.01 2.05 1.56 1.01 0.90 0.88 0.74
T2 2.01 2.05 1.56 1.01 1.31 1.02 1.00
T3 2.01 2.05 2.23 1.22 [.13 0.95 0.78
T4 2.01 2.05 2.23 1.22 1.35 1.11 1.00

Nitrogen content (%) of panicles + grains

T1 - - - - 1.20 1.15 1.05
T2 - - - - 1.65 1.51 1.35
T3 - - - - 1.39 1.33 1.24
T4 - - - - L.70 161 1.43
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The total amount of leaf, stem and root N continued to increase until 56 DAT after
which a decrease was observed. Between 46 and 56 DAT the magnitude of increase in to-
tal N content of stem and leaf was larger in T2 and T4. In general, the amount of oot N
continued to increase until flowering. At all growth stages higher N application resulted in
a larger amount of root N. Application of 100 kg N/ha at PI to a crop having a low initial
N status (T2) resulted in a larger increase in root N content at 56 DAT. The amount of N
in panicle and grain gradually increased and reached its maximum at harvest,

Total N uptake and recovery are presented in Figure 2 and Table 5, respectively. In
general the total N uptake gradually increased from planting to harvest, with a slight re-
duction at harvest. However, the reduction was more in Treatment T1 where the crop re-
ceived no fertilizer-N. Higher levels of N resulted in higher N uptake. From 41 DAT to 56
DAT, the total N uptake almost doubled in T4 and more than doubled in T2 due to the
second application of N. The recovery of applied N was highest in T2, The recovery from
the second split was higher for the crop having low initial N status at PI (T2) than for the
crop having high initial N status at PI (T4).

N uptake (Kg/ha)
140

120 —

~T

100+

80—

60 —

40

20

! L ! !

10 al 41 56 66 97

Days after transplanting
=Tl —T2 *T3 TT4

Figure 2. Total N uptake at different days after transplanting for rice cvar IR36 in
Experiment I (Cuttack, wet season 1991).
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Table 5. Total N uptake and recovery by rice cvar IR36 in Experiment I (Cuttack, wet sea-
son, 1991). Treatment codes are explained in Table 1.

Treatment Total N Uptake Recovery from  Recovery from
applied N 2nd gplit
(kg ha'l) (%) (%)
T1 65.7 - -
T2 102.5 36.7 36.7
T3 08.8 33.0 -
T4 124.6 29.4 25.8

The maximum amount of N in the crop (Nyax. kg/ha) was observed between PI and
flowering in all the treatments except T1 where N, was found at flowering. The grain
yield increased with increasing N, (Table 6).

N uptake rates are presented in Figure 3. Peaks at 56 DAT for T2 and T4 and at 21
DAT for T3 and T4 are due to nitrogen application at PI and 10 DAT respectively.
However, in T1 the uptake peaks were observed around PI and flowering.

Table 6. Yield and yield components of rice cvar IR36 as affected by timing of nitrogen
application in Experiment I (Cuttack, wet season, 1991). Treatment codes are explained in
Table 1.

Code Ny, Orain HI PAN FGR UNF- UNF- 1000

yield No No GR GR grain
No weight
kgha  kgha m2 m2 m-2 % g
T1 741 3055 045 390 14918 7118 32 21.4
T2 109.2 4470 (.54 424 18020 6466 26 229
T3 992 3870 043 440 17600 8800 33 214

T4 128.1 4860  0.51 462 20328  B662 30 23.1

HI = harvest index PAN = panicles
F-GR  =filled grains UNF-GR = unfilled grains
Npax = maximum amount of N in the crop Nom = number per m2,
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N uptake rate (kg/ha/day)
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Figure 3. N uptake rate at different days after transplanting for rice cvar IR36 in
Experiment I (Cuttack, wet season 1991),

Yield and Yield Attributes

Yield and yield attributes are presented in Table 6. Grain yield was lowest in T1 and high-
est in T4. Grain yield of T2 was not much lower than T4. A crop with a low initial N
status at PI (T2) was therefore more effective in using the second fertilizer split than a
crop with high initial N status at PI (T4). A similar trend was observed for other yield at-
tributes like panicle number, filled grain number and 1000 grain weight. Application of N
at Pl increased the harvest index. The increase in harvest index due to application of N at
PI was greater for a crop with a low initial N status (T2) than for a crop with a high initial
N-status (T4).

In general, the percentage of unfilled grains in all treatments was high (i.e. around 30%),
possibly due to the low solar radiation levels in the wet season.

Experiment 11

Dry Weighe of Plant Organs

Dry weight of Ieaves, stems, roots, panicles and total crop biomass are presented in
Tables 7 and 8. Total leaf and stem dry weights gradually increased with crop age and
reached a maximum at the beginning of the grain filling stage in all treatments except for
T1. If N was applicd at late growth stages (T2, T3, T4) leaf and stem dry weights were
smaller than if N was applied early (TS5, T6, T7, T8, T9, T10 and T11). High stem weight
at maturity was recorded for T9, T10 and T11 which received higher doses of N at initial
growth stages. The crop which received nitrogen at all growth stages (T6) produced high-
est leaf and stem weight at harvest. The weight of roots gradually increased until 48 DAT
in all treatments and did not show any definite trend afterwards.
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The early difference in dry weight of roots between different treatments did not exist
at harvest. For all treatments, root weights were very similar, except for T1 and T2 for
which root weights were rather low, It was further noted that the crop which received
higher amounts of nitrogen at transplanting stage produced higher leaf and stem weight
initially (up to 48 DAT) but produced comparatively less leaf weight at a later growth
stage. A delay in flowering was noticed in Treatments T2, T3, T4, T5 and T6.

Table 7. Dry weight of leaves and stems (kg/ha) of rice cvar IR36 in Experiment II
(Cuttack, dry season, 1993) at different days after transplanting (DAT). Treatment codes
are explained in Table 2.

Treatment O0DAT 18DAT 39DAT 43DAT 62DAT 69DAT 92 DAT

Biomass of leaves (kg/ha)

Tl 28 87 397 672 1083 631 528
T2 28 86 422 733 1172 1402 1047
T3 28 109 478 900 1483 1650 1206
T4 28 109 674 1247 lo22 1544 1411
T5 28 110 950 1366 1777 2155 1625
T6 28 125 1050 1356 1977 2298 1703
T7 28 139 997 1472 1860 2211 1528
T8 28 138 1047 1639 1900 2264 1586
T9 28 133 1152 1708 1877 2058 1508
T10 28 148 1261 1722 1776 1863 1455
Ti1i 28 155 1208 1609 1650 1667 1403
Biomass of stems (kg/ha)
Tl 32 85 622 924 2417 1933 1417
T2 32 85 633 950 2522 2897 1872
T3 32 8¢ 621 980 2883 3398 2171
T4 32 91 752 1325 2902 3492 2514
T5 32 108 969 1419 3196 3904 2875
Té 32 128 1061 1489 3650 4138 3052
T7 32 145 1022 1530 3594 4066 2796
T8 32 156 1028 1819 3922 4164 2925
T9 32 154 1072 1805 3838 4095 3005
T10 32 169 1114 1841 3966 4253 3011
T11 32 166 1150 1849 3883 4369 3008
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Carbohydrate remobilization

Post flowering reduction in stem biomass generally indicates a translocation of carbohy-
drates to the storage organs. The relative contributions from leaves, stems and new {post-
flowering) photosynthesis to final grain yield are shown in Figure 4. In all treatments, the
stem biomass had decreased by 1.0-1.2 t/ha by the time of harvest, as compared to the
maximum stem biomass attained around flowering (Table 7). In Treatment T1 remobiliza-
tion from stems accounted for 30% of final grain yield. This figure decreased to roughly
15% as a result of fertilizer application which was associated with increased post flower-
ing photosynthesis.

100

80

60

40

5 T6 T7 T8 T9 TIO TN
Treatments

Transloc. from leal I Transloc. from stem H3H Photosynthesis

Figure 4. Contribution of translocated carbohydrates from leaf and stem and post
flowering photosynthesis to final yield in Experiment II (Cuttack, dry season 1993).
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Table 8. Dry weights of roots, panicles and grains, and total dry matter (kg/ha) of rice

cvar IR36 in Experiment II, Cuttack, dry season, 1993,

Treatment

Tl
T2
T3
T4
TS
T6
T7
T8
T9
T10
T11

T1

T3
T4
T5
T6
T7
T§
T9
T10
T1t

T1
T2
T3
T4
TS
T6
T7
T8
T9
T10
T11

0DAT 18DAT 39DAT 48 DAT 62 DAT 69 DAT 92 DAT
Biomass of roots (kg/ha)
16 72 275 564 764 473 453
16 85 281 571 783 672 616
16 80 304 611 794 875 807
16 80 402 922 888 1053 858
16 102 425 875 033 1083 819
16 110 497 981 038 1083 849
16 128 569 975 961 985 836
16 136 553 1052 971 1061 853
16 144 570 903 850 936 804
16 144 633 927 833 901 835
16 150 625 842 805 814 R06
Biomass of panicles+graing (kg/ha)
226 1389 3655
- 1139 5978
- 1179 6571
- 2069 7039
- 2113 7550
- 2019 7750
53 1778 7522
105 1869 7633
100 1513 7433
135 1605 6711
150 1919 6505
Total crop biomass (kg/ha)
76 244 1294 2160 4490 4426 6053
76 256 1336 2254 4477 6110 09573
76 275 1403 2491 5160 7102 10755
76 280 1828 3494 5412 8558 11822
76 320 2344 3660 5906 9253 12869
76 363 2608 3826 6365 9538 13354
76 412 2588 3977 6468 9040 12682
76 430 2628 4510 6898 9358 12997
76 431 2794 4416 6665 8602 12950
76 461 3008 4490 6710 8622 12012
76 471 2983 4300 6488 8769 11722
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Figure 5. Final grain yield as a function of timing of the first N split in Experiment II
(Cuttack, dry season 1993).

Table 9. Yield and yield components of rice cvar IR36 as affected by split application of
nitrogen in Experiment II (Cuttack, dry season, 1993).

Treat- Grain  Straw HI PAN F-GR UNF-GR UNF-GR 1000
ment yield yield Grain

weight

kg/hat kghal No/m?2 No/m?2 No/m2 (%) ()

Tl 3453 2535 0.57 325 16073 5417 25.2 21.10
T2 5612 3255 0.59 415 25255 8067 24.2 22.15
T3 6245 3643 0.58 425 26498 7940 231 23.20
T4 6871 4233 0.58 451 28683 7881 21.6 23.60
T5 7367 4530 0.57 465 30571 7430 19.6 23.60
T6 7570 4704 0.57 470 31269 7198 18.7 23.90
T7 7295 4566 0.58 480 30971 8042 20.6 23.00
T8 7456 4894 0.57 485 31198 8449 21.3 23.00
9 7000 5170 0.54 475 29481 9585 24.5 22.20
T10 6205 5286 0.52 454 28081 9539 254 21.35
T11 5870 5219 0.50 438 26029 9593 26.9 21.20
HI =harvestindex PAN = panicles F-GR  =filled grains
UNF-GR = unfilled grains No m2 = number per m2.
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Yield and Yield Attributes

Grain yield of rice and yield components are presented in Table 9. Highest yields were ob-
tained for T35, T6, T7 and T8, The yicld differences between these treatments were not sta-
tistically significant. T9, T10 and T11 produced high straw yields but relatively low yields
resulting in low harvest indices. The harvest index increased for treatments where nitrogen
was applied at later growth stages (T2 to T5),

Grain yield plotted against the time of first split (Figure 5) showed that the delay in appli-
cation of the first split from transplanting to 46 DAT reduced final grain yield to a maxi-
mum of about 2 t/ha.

Conclusions

Experiment I

Application of N at PI increased dry weights of leaf, stem, root and panicle and also their
N content and total N uptake, The magnitude of increase was larger for a crop with a low
initial N status than for a crop with high initial N status.

The recovery percentage of total applied N as well as of the second N split was larger for
a crop with a low initial N status than for a crop with a high initial N status.

Experiment Il

Highest yields (i.e. around 7.5 t/ha) were obtained when N was applied in 5 or more splits;
skipping a basal application or an application either at flowering or in between Pl and
flowering resulted in only minimal yield reduction with respect to the 7 split treatment.

Contribution of post-flowering photosynthesis to final grain yield was about 75% if N
was applied to the crop. This percentage dropped to 55% when no fertilizer was applied.
Remobilization from stems contributed up to 30% of final grain yield in the absence of
fertilizer application. The absolute value of estimated remobilization from stems was
about 1 t/ha in all treatments,

Delay in nitrogen application beyond the active tillering stage drastically reduced
grain yield by reducing the number of panicles. Similarly, the omission of nitrogen appli-
cation after active tillering stage to a crop that received N in the early stages reduced grain
yield by reducing the harvest index and increasing the number and percentage of unfiited
grains.

Postponing the first split upto 46 DAT reduced final grain yield progressively by
about 2 tons/ha. Application of N during vegetative growth (upto PI) increased the num-
ber of panicles but reduced the number of filled grains, thousand-grain weight and harvest
index.

Postponing the first application of N until PI increased the number of filled grains,
thousand-grain weight and harvest index but reduced the number of panicles.

Application of N in both the vegetative and the panicle development stage resulted in
a high number of panicles, with a large percentage of filled grains and a high thousand-
grain weight and therefore largest yields. In general, the percentage of unfilled grains was
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quite large in all treatments which may be due to insufficient incoming solar radiation
during the grain filling period.
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Abstract

Two replicate field experiments were conducted from 1991 to 1993 at the
Soil and Water Management Research Institute, Thanjavur, Tamil Nadu,
India. The effect of different N application strategies, i.e. 0, 50, 100 and 150
kg N/ha at 10 days after transplanting (DAT) and 0 and 100 kg N/ha at
panicle initiation (PI} on growth, N uptake (N_) and grain yield of rice cvar
CR 1009 was investigated. A third experiment was conducted to compare
the effect of urea N and organic N from farm yard manure (FYM), green
manure (GM) (Sesbania rostrata) and Azolla (A. pinrata) on growth, N
and yield in cvar IR64 during July to October, 1992, Inferences were drawn
from the results of these three experiments on N, and relations between N,
and N translocation, N, and yield attributes, and N, and yield.

N, at any one stage of the crop was linearly related to N applied at 10
DAT. Application of 100 kg N at PI resulted in a 2 to 3 fold increase in N,
depending on the existing crop and root biomass and N, at PI. N, in organic
manure treatments were in the order of GM>Azolla>FYM. GM maintained
the highest N until flowering (F), afterwards the highest N, was observed in
10 split urea treatment. Split application resulted in more N, than single
dose. Maximum rate of N uptake (6.6 kg/ha/d) was observed from urea N
during the first half of the PI-F phase in CR1009. The highest N uptake rate
among organic N sources was 3.6 kg/ha/d which occured for GM during the
second half of the PI-F phase in IR64. Translocation of N from leaves made
up 63% and 58% of the remobilisation pool in cvars CR1009 and IR64,
respectively. Up to 25% of maximum N, reached (N ;1ax) was lost from the
crop during grain filling in CR1009. The relation between N loss and N, .«






