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Abstract: Photosynthesis is related to dry matter accumulation in aboveground part of rice plant, which is the direct factor of
production. This study carried out research on physiological indicators and the relationship between photosynthesis and dry

matter accumulation under different water management in paddy field.

In general, the photosynthetic and physiological

indicators showed the trend of increasing and then decreasing with the growth stage of rice. Experimental results showed that,

chlorophyll content and leaf area index of rice leaves showed a quadratic curve positive correlation.

Canopy light

transmission reached the maximum at heading-flowering stage, and it had quadratic relationship with leaf area index, while it
showed extremely positive correlation under rain-water storage irrigation mode. Photosynthetic rate (P,,) and transpiration rate
(T,) had quadratic curve positive correlation with chlorophyll content. The water condition under rain-water storage was

favorable for dry matter accumulation in panicle.

After multiple regression and main factor analysis, canopy light

transmission, light transmission coefficient and P, were main factors related to dry matter accumulation. The conclusions in

this article were helpful for promoting rice yield in practice.
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1 Introduction

As one of the most important physiological processes of crops,
photosynthesis is sensitive to field water condition™.  The
formation of crops mainly comes from the accumulation and
distribution of photosynthesis products. The characteristic of

photosynthetic index is different under different water condition>!.

Therefore, studies on the growth and photosynthetic characteristics
of rice could definite the physiological status and predict the
production potential of rice plants. Carroll et al.”! have found that
leaf area decreased under drought condition. Xu et al.’! found
that net photosynthetic rate decreased with the decreasing of soil
moisture, and the difference between different soil water content
became bigger when the light intensity was higher than
400 umol/(m? s), however, it could be recovered after re-watering.
The similar results were concluded for other researcher”. The
similar results were found by Wu et al.®! and Cui et al.[¥! that
photosynthetic rate was improved by increasing soil water content.
However, photosynthetic rate was negatively affected by water
deficit during flowering stage, resulting in leaf senescence!®?.
Xu et al.™ also found the growth of rice plants under soil moisture
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control was restricted. Peng et al.* found that daily maximum
transpiration rate was delayed with when soil moisture decreased.
The transpiration rate under controlled irrigation was lower than
that under conventional irrigation, and it rebounded after
re-watering.  Farooq et all’® found that decreasing of
transpiration rate resulted in the reduction in biomass accumulation.
Du et al.l found that net photosynthetic rate was positively
correlated with transpiration rate. Wang et al.™® considered that
control irrigation could promote rice tillering and increase dry
matter accumulation of roots. Peng et al.’® and Liu et al.l!”
found dry matter accumulation under water deficit was significantly
decreased during late jointing-booting and heading-flowering
stages compared to control treatment, and also appropriate leaf area
index was remained to intercept more light under controlled
irrigation. However, Lei et al."® and Zhu et al.* found that dry
matter accumulation before jointing stage decreased under
controlled irrigation during tillering stage, while the net
photosynthetic rate and leaf area index at later growth stage
increased. The leaf area index, net photosynthetic rate,
transpiration rate, accumulation and allocation of photosynthate
under non-sufficient irrigation treatment were lower than those of
conventional irrigation treatment at early crop stage, while the
compensation effect under non-sufficient irrigation was obvious at
late stagel®!.

In south China, rain is abundant during the growth season of
rice, therefore, rain-water storage irrigation is developed as an
important water-saving technique in rain-fed regions. Guoth et
al.?y and Liu et al.®@ found photosynthesis and dry matter
accumulation were improved with efficiency utilization of
rainwater.  Shahazad et al.”® found that the photosynthetic
characteristics were positively correlated with the dry matter
translocation, soil water content and grain yield. In this article,
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according to analysis on change law of photosynthetic and
physiological index and dry matter accumulation under rain-storage
irrigation, rainfall was made the best use of and it also provided a
theoretical basis on improving rice yield.

2 Materials and methods

2.1 Experimental site

This test area was located at Vegetables (Flowers) Scientific
Institute, (latitude 31°43'N, longitude 118°46'E), Jiangning District
of Nanjing City, Jiangsu Province in China during rice growing
season from June to October in 2013 and 2015. The experimental
site has an average annual rainfall of approximately 1107 mm,
2017 sunshine hours, average annual temperature of about 15.7<C,
average yearly evaporation of about 1473 mm, and maximum
average humidity was 81%.

The paddy field soil was clayey loam, with organic matter of
21.7 g/kg, field capacity of 28%, pH of 5.87, bulk density of
1.35 glem®, hydrolysis nitrogen of 86.5 mg/kg, and available
phosphorus of 25.3 mg/kg at the 0-60 cm soil layer.

2.2 Experiential design

Paddy rice (Oryza sativa L. cv. Kaohsiung 139) was grown in
test area using the random block method with three replications of
equal size (2 m>5 m). Two water irrigation schemes were set up
in this study, conventional irrigation (CVI) and rain-water storage
irrigation (RSI). All experimental plots were treated with the
same fertilizer management. Basal fertilizer was applied before
rice transplantation according to local practice, with total nitrogen
of 193 kg/hm? and 214 kg/hm? in 2013 and 2015, P,0Os of
134 kg/hm?, and K,0 of 120 kg/hm?, respectively. Then dressing

nitrogen fertilizer was applied at tillering and heading-flowering
stages, accounting for 70% and 30% of basal nitrogen fertilizer
amount, respectively. Each plot received separate irrigation water,
drainage, water meter, and lysimeter, while all the plots shared one
rain gauge. Polyethylene sheets were used around the bunds of
each plot to prevent lateral seepage loss. The experimental site
layout is shown in Figure 1.
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RSI CVI RSI CVI CVI RSI q

-
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Figure 1 Experimental site layout
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For rain-water storage irrigation, both paddy soil moisture and
rainfall amount were considered as the controlling targets for
irrigation regime after the green-returning stage. Depending on
different growth stages of the paddy rice, the lower limit was
60%-80% of saturated water content, while the upper control limit
of soil moisture was the saturated water content during irrigation,
with no field water layer after the re-greening stage. If
precipitation happened, the upper limit of rain ceiling storage was
controlled at 20-70 mm according to different growth stages (Table
1). The main advantage for rain-water storage irrigation is
making full use of natural rain-water compared to conventional
irrigation treatment.

Table 1 Controlling targets of soil moisture during paddy rice growth stages in two irrigation regimes

Tillering
Treatment Re-greening Jointing-booting Heading-flowering Milking
Early Mid-term Late
RSI 100% 70% 65% 60% 80% 80% 65%
(5-25) (0-50) (0-50) (0-0) (0-70) (0-70) (0-20)
eV 100% 100% 100% 60% 100% 100% 100%
(30-50) (0-30) (15-30) (0-0) (30-50) (30-50) (15-30)

Notes: (1) The first number is a percentage of the saturated water content of soil.
in the paddy field.

2.3 Indicators and methods

Chlorophyll content of rice leaves was measured by
chlorophyll meter (CCM200, USA) at 10:00 on sunny days with
sun. 10 rice plants were selected randomly to measure the
chlorophyll content of maximum functional leaf from tillering stage,
and then taking the average.

Leaf area index was measured in synchronization with the light
transmission amount by canopy analyzer (Sunscan, UK) at 10:00
on sunny days with sun. The canopy analyzer was placed
between two rows of rice plants when measuring, and the probe
was set to the north-south direction. The level of tripod and the
probe should be ensured.

Photosynthetic rate and transpiration rate were measured by
photosynthetic instrument (TPS-2, USA) at 11:00 on sunny day
with sufficient sunshine. The instrument was placed vertically
when measuring, and leaf at the same position was selected with
the light intensity controlled at 800 xmol/(m? s).

Dry matter accumulation in aboveground part was measured
by selecting three representative plants, and then the stems, leaves
and spike were cleaned separately before being killed out in the
drying cabinet at 105<C for 1h. After that, the rice plants were
dried in an oven at 80<C to constant weight. In the end, the rice

(2) The numbers in parenthesis is a range of the storage depth of surface water in mm

plant biomass of each part was weighed by a balance[?*!.
2.4 Statistical analysis

Simple data calculation and diagramming were completed by
Excel 2013. Correlation and regression analysis were carried out
by SPSS Statistics 19.  The variance homogeneity of the ANOVA
was tested before ANOVA analysis.

3 Results

3.1 Dynamic change of leaf area index and chlorophyll content

At the beginning of the tillering stage, the absorption ability of
water and fertilizer was enhanced for rice roots because of rapid
vegetative growth of rice with sufficient soil nutrients, bringing
about increase of leaf area index (Figure 2). The leaf area index
reached the maximum at Day 65 and Day 60 after transplantation
respectively in 2013 and 2015, followed by decreasing with leaf
senescence of rice. The leaf area index continued to decrease at
the milking stage with the nutrient supply stop. In 2013, the
maximum leaf area index of rice under the conditions of RSI and
CVI were 2.4 and 2.2, respectively, and they were 2.5 and 2.3 in
2015, respectively, which showed that there was little difference in
leaf area index between the different water treatments.

Comparing the changes of chlorophyll content in rice leaves
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(Figure 3), it was clear that there was not much difference under
two irrigation modes, and the absolute value of the difference
(D-value) did not exceed 2.0. In general, the change trend of
chlorophyll content was consistent with that of leaf area index, with
rapidly increase during the re-greening period. From the tillering
stage, it gradually increased slowly and then decreased slowly,
reaching the maximum at Day 65 and Day 60 after transplantation
in 2013 and 2015, respectively. The maximum chlorophyll
content under RSI and CV1 in 2013 was 21.0 and 22.8, respectively,
and in 2015 it was 32.2 and 33.1, respectively. The results of
variance analysis showed that the effect of the irrigation method on
chlorophyll content of rice leaves was not obvious (p>0.05). The
variation of D-value for chlorophyll content under two irrigation
modes showed the jagged trend of stepwise increasing and then
decreasing.

At the early stage of rice growth, the leaves were smaller and
the chlorophyll content was lower. The average chlorophyll
content of RSI and CVI treatments was 9.9 and 15.1 in 2013 and

2015, with relatively lower content under RSI treatment compared
to CVI. After that, with the rice plant growth and increase of
tillering, the leaves increased gradually, resulting in photosynthesis
increasing gradually. The chlorophyll content of RSI surpassed
that of CVI at 45 d for a short while, and the chlorophyll content
reached the maximum at heading-flowering stage. After that,
with the senescence of rice leaves, the chlorophyll content
decreased rapidly. Eventually, the chlorophyll content decreased
to the initial level at the early tillering stage, which was slightly
higher than that at the re-greening period.

Both chlorophyll content and leaf area index are important
parameters of rice leaves, which are closely related to dry matter
accumulation in rice plants. Correlation analysis between chlorophyll
content (y) and leaf area index (x) of rice leaves showed a quadratic
curve positive correlation (Figure 4). The regression equation in
2013 was y=-0.183x*+8.411x+4.309, the correlation coefficient
R?=0.770; the regression equation in 2015 was y =-1.880x* +
15.384x+3.703, and the correlation coefficient R?=0.855.
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Figure 2 Dynamics of leaf area index under different irrigation modes
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3.2 Dynamic change of canopy light transmission

The canopy morphology is an important factor affecting the
light distribution and photosynthetic characteristics of crop, which
could affect the interception, absorption and transmission of
photosynthetically active radiation.

The change trend of light transmission coefficient of rice
canopy and light transmission amount for RSI and CVI treatments
was similar, and they varied greatly during the whole growth stage
(Figures 5 and 6). At the beginning of the growth stage, the
coverage of rice was low, resulting in low light transmission, and
the number of stems and leaves under water control for RSI was

restricted, therefore light transmission coefficient and canopy light
transmission was lower for RSI. Then the light transmission
coefficient decreased and increased obviously at tillering stage.
As the number of rice leaves was stable, the paddy field was
completely covered in the later growth stage, the light transmission
coefficient was affected greatly by water condition, and leaf area
effect was gradually reduced. The light transmission coefficient
reached the maximum at the end of tillering stage, and then
decreased at jointing-booting stage, and Kkept rather stable at
heading-flowering stage.
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Figure 5 Dynamics of light propagation coefficient under different irrigation modes
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Figure 6 Dynamics of canopy light transmission under different irrigation modes

At tillering stage, the rice leaves were smaller and the ground
coverage was lower, leading to lower canopy light transmission.
The canopy light transmission under RSI was 13.4% and 12.1%
lower than that under CVI in 2013 and 2015, respectively. At
the jointing-booting stage, the amount of canopy light
transmission increased significantly. This was due to the growth
and increase of rice leaves and the increase of leaf area, which
could be concluded from above results in Section 3.1. With the
stability of the number of rice leaves, the canopy development
gradually became complete, and the ground was completely
covered by the late growth stage. The effect of leaf area on light
transmission of the canopy was gradually reduced, while the
effect of water began to increase. The gap of the light
transmission amount between RSl and CVI was gradually
reduced. The amount of canopy light transmission continued to
increase, reaching the maximum at the heading-flowering stage.
The maximum canopy light transmission was 1578 MJ/m? and
1664 MJ/m? for CVI and RSI in 2013, while it was 2045 MJ/m?
and 2133 MJ/m? in 2015. At the milking period, the canopy
light transmission decreased with the leaves senescence of rice,
and it decreased significantly under the CVI mode. The delay in
aging under RSI treatment had a positive effect on maintaining a
high light transmission during the late growth period.

According to regression analysis in Table 2, leaf area index (y)
and canopy light transmission (x) of rice leaves had quadratic
relationships both for RSI and CVI treatments, while the
correlation coefficient for RSI was higher both in 2013 and 2015,
showing extremely positive correlation.

Table 2 Regression analysis between leaf area index and
canopy light transmission

Year  Treatment Fitting equation R? p

2013 RSI y=-3526x°+10366x-5904  0.9722  <0.001
CVI y=—140%*+796x+439 05289  <0.001

2015 RSI y=2069x*~7399x+7620 0.9989  <0.001
cvI y=—261x*+1460x—149 0.7390  <0.001

3.3 Dynamic change of photosynthetic and transpiration rate

Photosynthetic rate (P,) is an important factor affecting dry
matter accumulation and vyield formation of rice. Xia et al.[?®
have found that PAR (photosynthetically active radiation) was the
most important ecological factor affecting P, also P, and
transpiration rate (T,) had quadratic and linear relationships with
PAR under different water level control treatments!?®),

The change of P, and T, under different irrigation modes in the
main growth stages of rice was shown in Figure 7. In general, the
P, and T, showed the similar change trend of firstly increasing and
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then decreasing, reaching the maximum at the heading-flowering
stage, and reduced quickly to a lower level at milking stage. The
regression analysis on P, and T, showed a good linear relationship
(Table 3).

At tillering stage, P,, under RSI was lower than that under CVI,
while it was opposite for T,. At jointing-booting stage, due to
sufficient rainfall in southern China, the difference in soil moisture
was small for RSI and CVI treatments, and the difference of P, for
all treatments was not significant. The increasing rate of P, was
89.2% and 54.3% compared to the P, in tillering stage in 2013, and
it was 68.9% and 62.5% in 2015, respectively. The solar radiation
was the largest at heading-flowering stage, therefore the
photosynthesis was the strongest, and difference in transpiration
caused by water difference was most obvious, therefore, the P,

and T, reached the peak, with peak P, values of 22.5 umol/(m? s),
23.7 umol/(m®s) and peak T, values of 9.1 mmol/(m?s),
10.9 mmol/(m? s) for RSI and CVI treatments in 2013, and peak P,
values of 33.4 pmol/(m? ), 35.2 umol/(m? s) and peak T, values of
10.3 mmol/(m? s), 11.8 mmol/(m? s) in 2015, respectively. Also,
the difference of P,, and T, between RSI and CVI was maximum at
heading-flowering stage. From the flowering stage to the milking
stage, the chlorophyll content decreased significantly as shown in
Section 3.1, the photosynthetic performance and activity of the
leaves decreased, and the physiological activities decreased, thus
the P, and T, decreased rapidly to a lower level, even was lower
than that in tillering stage. The quadratic curve positive
correlation of P, and T, with chlorophyll content also supports the
above results (Table 3).
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Figure 7 Dynamics of photosynthetic and transpiration rate
Table 3 Regression analysis between chlorophyll, P, and T,
Year Treatment Fitting equation R? p
RSI y:0.3422x2—8.3952x+58.031 0.9087 <0.001
Pnand chlorophyll )
Ccvi y=0.2522x"-6.3575x+47.368 0.9850 <0.001
RSI y=0.0466x2—0.9896x+10.415 0.7778 <0.001
2013 T, and chlorophyll )
Cvi y=0.1335x"-3.5945x+27.763 0.9242 <0.001
RSI y=0.312x+1.756 0.9129 <0.001
Trand P,
cvi y=0.3467+1.6918 0.9749 <0.001
RSI y=0.7851x°~42.937x+597.98 0.8636 <0.001
Pn and chlorophyll ,
cvi y=0.8396x"-46.022x+642.11 0.8411 <0.001
RSI y=0.2217x°~12.586x+184.99 0.7057 <0.001
2015 T, and chlorophyll ,
Ccvi y=0.4452x"-25.412x+367.46 0.7978 <0.001
RSI y=0.245x+2.9317 0.8747 <0.001
Trand P,
Cvi y=0.2658x+3.2176 0.8563 <0.001

34 Characteristic accumulation in
aboveground part of rice
The accumulation of dry matter (DMA) in the aboveground

part of rice with different water treatments is shown in Figure 8.

of dry matter

Totally speaking, DMA in panicle was highest, which was closely
related to yield formation. Then followed by lower DMA in leaf,
and DMA in stem was the lowest. The total DMA under CVI
mode was slightly lower than that under RSI at the milking stage.
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The effect of irrigation mode on total DMA and the distribution in
aboveground parts of leaf, stem and panicle was not obvious.

The DMA in stem and leaf was highest at heading-flowering
stage, and dry matter in stem began to accumulate at
jointing-booting stage, while the proportion was smallest. The
dry matter in leaf began to accumulate at tillering stage till the end
of growth stage, and DMA in panicle was concentrated at
heading-flowering stage and milking stage, with higher content at
milking stage, respectively, accounting for 68.9% and 75.3% under
CVI and RSI in 2013, and 72.9% and 69.1% in 2015, respectively.
The increasing rate of DMA in panicle from heading-flowering
stage to milking stage was 61.2% and 93.6% in 2013 and 33.9%
and 37.9% in 2015. Therefore, the water condition under RSI was
favorable for DMA in panicle compared to CVI.
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Figure 8 Dry matter accumulation in aboveground part of rice
under different irrigation modes

3.5 Multiple regressions on dry matter accumulation

Taking total dry matter accumulation (DMA) as dependent
variable, leaf area index (LAI), chlorophyll content (CC), canopy
light transmission (LT), light transmission coefficient (TC), P,, and
T, were considered as independent variables, then multiple
regression equation was constructed as Equation (1). It showed
that the six variables could cover 90.3% of the dry matter
accumulation change, of which the contribution on DMA of X; and
X, factors were positive, while X,, X4, Xsand Xg were negative.
After the significance test on this model, it was extremely
significant  (F=13.9834  Significance F=0.00041). The
significance test on coefficients of partial regression in Table 4 and
Table 5 showed the canopy light transmission was extremely
significant (p<0.01), while light transmission coefficient and P,
were significant (p<0.05), other factors on dry matter accumulation
was not significant.
Y=1.337X;—0.144X,+0.009X5—-7.198X,—0.25X5—0.286 X5 +2.847

(R*=0.9031) 1)

where, Y is dry matter accumulation, t/hm? X, is LAI; X, is
chlorophyll content, CCI; X is canopy light transmission, MJ/m?;
X, is light transmission coefficient; X5 is photosynthetic rate,
umol/(m? s); X, is transpiration rate, mmol/(m? s).

Table 4 Significance test on coefficients of partial regression

Factor St;?rd;rd t Stat P-Value Low;zgol/; imit Uppggol/; imit
LAI 1.0427 1.2826 0.2317 -1.0214 3.6963
cC 0.0743 -1.9320 0.0854 -0.3116 0.0245
LT 0.0018 5.0935 0.0006 0.0049 0.0129
TC 1.5965 -4.5085 0.0014 -10.8091 -3.5862

Py 0.0976 -2.5563 0.0309 -0.4704 -0.0287
T 0.5584 -0.5129 0.6204 -1.5495 0.9767

Table 5 Correlation coefficients between main factors of yield

Factor LT TC Pn DMA
LT 1.0000
TC -0.3860 1.0000
Py 0.8006 -0.4073 1.0000

DMA 0.5845** -0.6630* 0.1984* 1.0000

Note: ** means extremely significant difference (p<0.01); * means significant
difference (p<0.05).

From the above results, taking consideration of the main
factors (LT, TC, and P,) of dry matter accumulation, and then the
optimal regression equation was constructed as Equation (2), and it
was extremely significant (F=24.7908 Significance F=1.98E-05).
The direct path coefficients of LT, TC and P, on DMA (Py;, Py,
Pys) were calculated according to partial regression coefficient of
independent variable multiply by standard deviation of independent
variables, then divide standard deviation of dependent variables,
thus as follows?™],

Py;=0.0082>0.2184/2.8357=0.0006;
Py,=-8.052>8.5856/2.8357 =—24.3789;
Py;=-0.3040x1.8542/2.8357 =—0.1988.
Y=0.008X;—8.052X,—0.304Xs+2.304  (R?=0.8611) )

It can be concluded that the direct effect of canopy light
transmission on dry matter accumulation was greater, and light
transmission coefficient and P, had negative effect on dry matter
accumulation. Therefore, in order to maintain high rice yield,
canopy light transmission should be increased during rice plant
growth stage.

4 Discussion

There was little difference on leaf area index and chlorophyll
content in rice leaves between the different water treatments.
However, the water condition in RSI was favorable for delaying the
decrease of leaf area index, which was conducive to the
accumulation of photosynthetic products. Due to the re-watering,
the chlorophyll content of RSI surpassed that of CVI at 45 d for a
short while, resulting in compensation on leaf growth under RSI
treatment. The solar radiation at heading-flowering stage was the
strongest, and synthesis efficiency of chlorophyll was the highest,
therefore the chlorophyll content reached the maximum.

The water condition for RSl was more conducive to the
radiation penetrating the upper canopy to the lower part, improving
the light transmission capacity of the canopy, and compensated for
the negative impact caused by the reduction of rice leaves. The
canopy light transmission under RSI was lower than that under
CVI, which was mainly because the regulation of soil moisture
under RSI treatment restricted the number of tillering and leaves of
rice, which led to the inhibition of canopy development, therefore,
the transmission of light by canopy was affected. At the
heading-flowering stage, due to the accumulation of dry matter and
photosynthesis increasing in rice, resulting in enhanced light



154  May, 2021 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org

Vol. 14 No. 3

transport capacity, and the canopy light transmission under RSI
treatment exceeded that under CVI.

At the tillering stage, water was an indispensable condition for
photosynthesis, and there was sufficient water for CVI treatment,
therefore, the physiological activities were much more active,
which was more conducive to the photosynthetic process.
Compared to CVI, the T, value under RSI was slightly higher
during tillering and milking stages when the transpiration was weak,
while it was lower during jointing-booting and heading-flowering
stages, illustrating that water condition under RSI restricted the
transpiration process and reduced transpiration loss. The P, was
not significantly reduced through photosynthesis was restricted by
less soil moisture. The P,, under RSI was lower than that under
CVI, however, the increasing rate was higher, which was more
conducive to the accumulation of photosynthetic products.

5 Conclusions

(1) The chlorophyll content and leaf area index showed a
quadratic curve positive correlation and their change trends were
similar, with increasing and then decreasing, reaching the
maximum at heading-flowering stage. The water treatment under
RSI was favorable for delaying the reduction of leaf area index,
which was favorable for the accumulation of photosynthetic
products.

(2) The light transmission coefficient reached the maximum at
the end of tillering stage because of stable number of rice leaves,
and then light transmission reached the maximum at the
heading-flowering stage. Leaf area index and canopy light
transmission had quadratic relationships and extremely positive
correlation.

(3) Photosynthetic rate (P,) and transpiration rate (T,) showed
the similar change trend, reaching the maximum at the
heading-flowering stage, and they had quadratic curve positive
correlation with chlorophyll content. The total dry matter
accumulation in aboveground part under rain-water storage
irrigation mode was higher than that under conventional irrigation.
The dry matter accumulation in stem and leaf was highest at
heading-flowering stage. The water condition under rain-water
storage was favorable for dry matter accumulation in panicle.

(4) After multiple regression analysis on dry matter
accumulation, leaf area index, chlorophyll content, canopy light
transmission, light transmission coefficient, P, and T, could cover
90.3% of the dry matter accumulation change, and contribution of
leaf area index and canopy light transmission factors were positive,
while the rest were negative. The canopy light transmission, light
transmission coefficient and P,, were three main factors related to
dry matter accumulation of rice.
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