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Extended Abstract
Introduction

Rice (Oryza sativa L.) is one of the most popular cereals in the world and is known as the second most consumed
grain in Iran after wheat. For this reason, it is essential to pay attention to the quantity and quality of this
agricultural crop. The cultivation of ratoon rice, which has become common in some areas in the north of Iran,
will enable the re-production of rice in the next cropping season. The lack of water resources in recent years in
Iran and the prediction of the severity of the shortage of available water in the coming years have caused the use
of methods to reduce water consumption in the agricultural sector, which is the largest water consumer in the
country, to be considered Rice plant has a large share in water consumption per unit area among other
agricultural products. For this reason, some methods of reducing water consumption in the cultivation of this
product have been suggested. According to the existing restrictions on the use of irrigation water and nitrogen
fertilizer, it is necessary to determine the optimal amounts of these factors in the field. However, this work
requires many field experiments, which require a lot of time and money. To solve this problem, the use of
simulation and optimization models has been suggested. Therefore, this research aims to optimize the two factors
of irrigation water and nitrogen fertilizer to achieve the most appropriate amount of production and improve the
quality of rice using the response surface methodology (RSM).

Materials and Methods

Considering the effects of two aforementioned factors, in this research the optimization of the amount of
irrigation water and nitrogen fertilizer on the quantitative and qualitative characteristics of ratoon rice was
applied using the response surface method. The study site was the research farm of the Rice Research Institute
located at latitude 37° 16’ N and longitude 49° 63’ E in Rasht, Iran. The studied factors included the amount of
irrigation water (with upper and lower levels of 0 and 5 mm of cracks appearing in the soil, respectively) and
nitrogen fertilizer (with upper and lower levels of 90 and zero kg ha! of pure nitrogen, respectively). the RSM
refers to a multivariate function. To compare the obtained model results with observed values, from the Root
Mean Square Error (RMSE), Normalized Root Mean Square Error (NRMSE), Mean Bias Error (MBE),
Efficiency Factor (EF), agreement index (d), and the Coefficient of Determination (R?) was used.

Results and Discussion

The results showed that the regression model for predicting the plant height, biomass, gel consistency, and yield
had an underestimation error (MBE < 0), and for other parameters had an an overestimation error (MBE<0). The
value of the NRMSE was less than 0.1, so the quadratic regression model had excellent accuracy for all
parameters. The two statistics EF and d, which show the efficiency of the regression model, had acceptable
values (d>0.90 and EF>0). After optimization, the yield of seed and biomass was 10.5 and 0.5 %, respectively,
higher than the average values of these parameters in field conditions. In optimal conditions, the number of
tillers, panicle length, and harvest index were 1.9, 1.4, and 3.6 % higher than the observed values, respectively,
and plant height and weight of 1000 seeds were almost equal in both optimal and observational conditions. The
changes in the quality indicators of gelatinization temperature, gel consistency, amylase content percentage, and
grain elongation in optimal conditions compared to the observed values were 1.8 (less), 0.4 (more), zero, and 6.2
(more) percent, respectively. The amount of irrigation water and nitrogen fertilizer in optimal conditions was 3.5
mm of cracking in the soil and 68 kg ha, respectively.
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Conclusion

In this research, the effect of two factors, irrigation water and nitrogen fertilizer, was optimized using the
response surface method. For this purpose, the minimum and maximum values of these factors were considered
with codes of -1 and +1. The results showed that, except for yield and biomass, other traits did not have uniform
and regular changes with the increase of two factors, irrigation water and nitrogen fertilizer. For this reason, the
overlap map of these factors was determined and it was observed that the effect of nitrogen fertilizer on most
parameters was greater than that of irrigation water. The optimal range of all factors was in the values of -0.3 to
+0.5 nitrogen fertilizer -1 to +1 irrigation water +0.5 to +1 nitrogen fertilizer and -1 to +0.7 irrigation water. Of
course, a part of the overlapping area of these two ranges also lacked the optimal value for the parameters, which
was considered by the surface-response method in the optimization. After optimization, it was observed that the
two parameters of gelatinization degree and gel consistency were lower than the average observed values. The
parameters of amylase percentage, 1000 seed weight, and plant height did not change compared to the field
conditions and the value of other parameters increased. To achieve these results, it is necessary to consider the
amount of irrigation water in cracks of 3.5 mm and the amount of nitrogen fertilizer as 68 kg ha™.
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Figure 1- Examining the normality and stability of the data variance for yield (Y), biomass (B), gel consistency (GC), and amylase
content percentage (AC) traits
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Table 4- The results of regression variance analysis for the dependent variables of the ratoon rice plant
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Table 5- Complete quadratic polynomial regression coefficients for dependent variables (x; is the amount of irrigation and x; is the
amount of nitrogen)
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Table 6- Statistical values for the studied traits of ratoon rice

d EF NRMSE RMSE MBE Slao
0.99 0.97 0.01 0.19 0.1 (o s5ls) a3y i)
0.99 0.96 0.01 0.07 0.01 iy Slaws
0.99 0.72 0.01 0.09 0.01 (seisils) adss Jobo
0.99 -3.39 0.01 0.21 0.52 (555) s 32 55
0.99 0.95 0.01 7.6 0.04 (Lo 53 55k ails 3,8ee
0.99 0.95 0.01 18.0 -0.01 (Lo 5 piSoks) ol 3,Shos
0.99 0.69 0.01 0.36 0.01 (2oy3) cedloys asla
0.99 0.79 0.01 0.01 0.01 (31)5 ool 4o yd) s AsY do
0.99 0.77 0.01 0.17 -0.01 (o csko) J3 plsd
0.99 0.73 0.01 0.02 0.01 sokeel 2o
0.99 0.22 0.01 0.01 -0.01 (o iskse) olie,
12 7 247 120 -
¥ =0.9594x +0.394 P ¥=09801x+0.4155 ¥ =0.9772x+2 4644
R?=09614 ] R*=0.3803 4 R*=0.9791
8 % 16 % 80
« d ‘g
4 b e 4 40 P
. . .
-~ T
1:1 NT ° 271 GW 3 1 HP
o . ; . o T T 1 o T T 1
0 2 B 13 0 8 16 24 0 40 80 120
aid aaslts oalie BAS E..‘.h].._‘n.aﬁﬂlj‘.a aad nanlie yalie
1500 9 . 600 24 -
Y= 0.92?13.'4 + 31'5?50 . y=09522x+ 24034 y=0.7259x+5.6141
RE=0.9512 é B2 =0.0535 4 R?=073
1000 A % 400 % 16 A
! 1
i ki e
500 ]J 200 L Y os Lo
/ - - : 1 -
71 B ° 21 Y R H | PL
D - T T 1 D T T 1 o T T 1
) So0 1000 1500 0 200 400 500 o 8 16 24
s paml s ialis el panlie palke 81 paslis pslis
6 47 - 32
v=07925x+1.127 y=0.7748x +8.9829 y=0.6923x+9.1806
R*=0793 4 357 R*=0.7768 4 RE = 0603 2
a a 24 -~
4 W 2R A e -~
-
“< r r -~
oy L 21 IR ‘13 16 - P
-~ F - i o
2 P ]j 14 4 e 1_-, -
- * g N 8 1 e
/.f a 7 A - . G‘C ] //
P 1:1 GT ’: 1:1 - 1:1 H
0+ T T 1 o T T T T T ! o T T T ]
0 2 4 & 0 7 14 21 18 35 41 0 8 16 24 32

el aslle paslhe

s paalls paalis

ail naalis pyalie

S0313 s 0w 8315 (159 ygaw 55 5 b (Wiow) 12Y ad Ao g dndlln 3590 Cliuo DS o v 9 (Tl (glaoals - Y LS

oy Blani digr £l5 ) Buidd Wid i ;idy GC 9 GT HI B oY GW PL NT HP Bgya) (alaiio s ) oo ot yies 9 (1o liio

(o J35 0198 g opowd W5 Ao 55 «Cudld y1 ad L 0397 G § 3,k dild 150 (439 chuigh Job
Figure 2- Observed and predicted data of studied traits and 1:1 line comparison (continuous) with fitted regression between
observed and predicted data (dashed line) (letters HP, NT, PL, GW, Y, B, HI, GT, and GC indicate plant height, number of tillers,
spike length, thousand seed weight, yield, biomass, harvest index, gelatinization degree. gel consistency. respectively)
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Table 7- T-test results for comparing the slope and width from the origin of the 1:1 line with the fitted regression equation between
the observed and predicted data (simulated = a + b x observed)
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Figure 3- The reaction of the parameters and the response level of the studied traits to the changes in the amount of irrigation water and
nitrogen fertilizer
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Table 8- Target and simulated values of dependent variables and optimal value of independent variables in rice ratoon
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