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In this study, the computer aided modeling and optimization was used to select agronomic scheme of high yield and high net profit for a single-season late rice hybrid 'Yongyou 17'. A field experiment with three agronomic factors including seedling age, planting density, pure N fertilizer rate were performed and the data were used to construct regression models using yield and net profit as the objective variables. Simulation of those models produced the optimum schemes consisting of seedling age, planting density and pure N fertilizer rate to achieve the highest yield and net profit.

Introduction

Nowadays, the optimal experimentaldesignused has beenwidely used inin agriculturalstudied [START_REF] Chen | Effects of water and fertilizer coupling on seedling biomass of Lespedeza bicolor in sandy land of northwestern Liaoning province[J][END_REF][START_REF] Ruan | Effect of different density and N-application rate on maize quality[END_REF][START_REF] Gao | Application of D-saturation optimum design in culture medium screening for micropropagation of virus-free tube potato[END_REF][START_REF] Liu | Multiplication of subculture for Faba Bean (Vicia faba L.) [J][END_REF].Rotational combination design, the secondary saturatedD-optimal design,and simplexlatticedesignwere all applied in the studies for high-yieldcultivation techniquesin rice, sweet potatoes, corn, soybean,turmeric(Dioscorea)by this research group [START_REF] Liu | Study on optimization combination for intercropping spring corn with spring soybean[J][END_REF][START_REF] Liu | Study on fertiilizer application techniques of annual Dioscoreae zingiberensis[J][END_REF][START_REF] Liu | Research on the transplanting density and nitrogen application for Zhongzheyou 1 planted as single cropping late rice[END_REF][START_REF] Liu | Effect of planting density and rates of nitrogen and potassium fertilizers on yield and economic efficiency of sweet potato (cv. Zheshu 13)[END_REF][START_REF] Liu | Optimized test on comprehensive agronomic measures of Zheshu 13[END_REF][START_REF] Liu | Comprehensive agronomic optimization for Zheqiu soybean 3[J][END_REF] 

Materials and methods

The field experiment was set up using the seedling age ( 1x , days), planting density ( 2x , cluster/hm 2 ), pure N fertilizer rate ( 3 x , kg/hm 2 ) as the decision variables in a tertiary quadratic general rotary design [START_REF] Yang | Experimental Design and Statistical Analysis[END_REF]. Table 1 contains the three decision variables, the treatment levels and the corresponding linear code. The yield and net profit were used as the objective variables. 1).

Seeds sowed on May 26th, 30th, June 4th, 10th and 14th produced seedlings of 34, 30, 24, 18 and 14 days, respectively, at the transplanting date on June 28 th . Single plant was planted per hole.

The size of each plot was 16 m 2 (3.2m x 5m). To prevent fertilizer from leaching into adjacent plots, the between plot area was covered with plastic film. In each plot, 450 kg/hm 2 of calcium phosphate was applied as base fertilizer. KCl (300 kg/hm 

Results and analysis

According to thequadraticregression orthogonalrotation designprinciples, aregressionmathematical model was obtained as follows:
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In which, ( the Chinese words in the following formula should be changed to English word or letters)
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Based on the structureof thematrix and theobtained yield andnet output ofYongyou17, quadraticregression analyseswere carried outfocusing on the yield and profit.

Yield result analysis

Using the tertiary quadratic general rotary regression analysis, models for the three agronomic traits and yield were constructed as follows: 

(-1.682≤ i x ≤1.682, i =1, 2,3)
In the model, 2

x , 3 x , 2 2

x and 2 3

x are at the extremely significant level, and 1 3 x are at a significant level. The rest of variables are not significant (α=0.25). To increase accuracy level, all the non-significant variables were excluded from the models. Then the regression model was rewritten as:

1 ŷ =12808.65+490.65 2 x +1247.55 3 x -415.2 2 2 x -688.35 2 3 x +333.6 1 x 3 x (-1.682≤ i x ≤1.682, i =1, 2 ,3) 
In this regression models, all the variables are significant, and the lack-of-fit sum of squares is not significant. These models should be very effective for simulation experiment.

Test of significance identified yield is mainly affected by planting density and pure N fertilizer rate, and seedling age has a smaller effect. When compared for interaction effect ( 1 x 3

x ), it was found that the lower nitrogen fertilizer rate should be combined with younger seedlings, and higher fertilizer rate with older seedlings. In general, higher N fertilizer rate was correlated with higher yield. When seedling age and nitrogen fertilizer rate were set around treatment level 1, the yield was at the highest level.

Profit result analysis

In this study, rice, seedling, urea, KCl, and calcium phosphate were priced at 2.80 yuan /㎏, 52 yuan/10,000 seedlings, 2.50 yuan/㎏, 3.60 yuan/㎏ and 0.90 yuan/ ㎏, respectively. When estimating the investment, only the cost of materials and supplies were included. After converting the net profit per plot into profit per hectare, a ternary quadratic general rotary regression model was constructed. After exclusion of variables that are not significant (α=0.25), the regression model for net profit is described as follows:

2 ŷ =32565.60+1178.85 2 x +3085.50 3 x -1162.65 2 2 x -1927.35 2 3 x +934.05 1 x 3 x (-1.682≤ i x ≤1.682, i =1, 2 ,3) 
Test of significance showed that, same as in the yield model, 2

x , 3 x , 2 2 
x , 2 3

x are extremely significant, and 1

x 3

x is at a significant level. The overall regression model is extremely significant. The relationship between the three agronomic factors and net profit is approximately the same as that in the yield model. Planting density and pure N fertilizer rate are the major factors influencing profit, while the effect from seedling age is relatively small. The interaction effect of 1

x 3

x on net profit is also similar to that on yield. Lower nitrogen fertilizer rate combined with younger seedlings, and higher fertilizer rate with older seedlings should yield a higher net profit. The highest net profit was achieved when the seedling age and nitrogen rate were both set at around treatment level 1.

These results indicate that the three agronomic factors have a consistent effect on yield or net profit. Therefore agronomic schemes aimed at increasing yield also can produce high net profit. Then the optimum agronomic schemes for high yield and high profit were selected using computer simulation of the mathematical models described above.

Model optimization

Optimization of the agronomic schemes for high yield

The high yield agronomic schemes were selected using the yield regression model and selecting ( -1.682≤ i x ≤1.682) as the region for constrain [12 , 13].

Twenty-one schemes were found to produce a yield above 12900kg/hm 2 (Table 2). At the 95% confidence level, the value of 1

x , x 2, 3

x each was 0.456-1.206 (26-31 days), and the yield and net profit of single season hybrid rice 'Yongyou 17'. Model analysis indicates that yield and net profit have similar responses to the three agronomic factors. Among the three agronomic factors, planting density and pure N fertilizer rate have bigger effects whereas that from seedling age is relatively small. Production schemes were constructed using simulation of mathematical models integrating data from a field experiment. Under the production conditions used in this study, for 'Yongyou 17'to achieve high yield and high profit, the optimum scheme consists of the following conditions: seedling age of 26-30 days, planting density of 165000-180000 cluster/hm 2 , pure N fertilizer rate of 210-225kg/hm 2 .

Table 1 ,

 1 Decision variables and the treatment levels

	Linear code	1 x	x	2	x	3
	+1	30	202500	201.15
	-1	18	127500	51.15
	0	24	165000	126.15
	+1.682	34	228075	252.30
	-1.682	14	101925	0
	Seedling age was controlled by sowing seeds at different dates (Table

Model optimization for high net profit

The high profit agronomic schemes were selected by simulating net profit regression model within the same constraint region as for yield. Sixteen schemes were found to produce a net profit exceeding 32700 yuan/ hm 2 (Table 3). The value for 1

x , 2

x , 3

x each (at 95% confidence level) was 0.479-1.368(27-32 days), 0.257-0.999 (174638-202463 clusters/ hm 2 ) and 1.058-1.368 (205.5-228.75 kg/ hm 2 ).

It can be seen that the similar values were selected for the three agronomic factors in the net profit schemes and those aimed at high yield. 

Conclusions

In this study, regression models were constructed to simulate the relationship between three agronomic factors (seedling age, planting density, pure N fertilizer rate)