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Abstract 

Rice growth and development is the result of the interaction varieties and 
environmental factors, so people increasingly pay attention to the research on the effects 
of environmental conditions on rice growth. This paper starts with soil factors, then 
selects 8 indicators and standardizes the sample data of the 8 indicators, using SPSS to 
process and analyze the data, and then establishes the factor score model and the 
comprehensive evaluation index model. Finally, through the established model, the 
scores of each factor and the comprehensive factor score are calculated. Then, starting 
with meteorological factors, 11 indexes were selected, and the correlation between 
indexes and yield was made by SPSS. Then, the model of meteorological factors and rice 
yield was obtained by principal component analysis. Finally, all the meteorological and 
soil indicators were analyzed, and then the principal component analysis was carried 
out to obtain the model of meteorological, soil and rice yield. 
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1. Introduction 

Rice is one of the three major grain crops in China. As the main grain crop in China, rice has become 

the main driving force for the development of China's grain and oil industry. In the 1960s, Dutch de 

Wit and American Duncan et al. began to analyze the change of rice yield distribution by studying 

the growth mechanism of rice and other crops successively , and began to simulate some crop models 

on a single site to study the distribution change of rice yield, at the same time, geographic information 

system technology began to appear[1]. Hutchinson et al., an Australian scientist, based on the thin 

plate spline theory and other theories, based on the interpolation method and characteristics of special 

climate elements, based on the linear and nonlinear correlation of longitude, latitude and altitude, 

wrote in Fortran language , and developed a special software package for climate data surface fitting. 

Shukla US et al. studied the effect of available p on the improvement of soil texture and rice yield, 

and studied the types and cultivation of drought-resistant varieties in lobules fields in Japan[2-5]. 

However, the conclusions were quite different due to different types of rice and different test methods. 

Yin Xiuying et al., investigated the relationship between soil species and rice yield, and found that in 

order to achieve higher rice yield, appropriate fertility conditions should be ensured, rather than the 

higher the better, so as to ensure high rice yield. Yang Jianchang et al. believed that during the growth 

and development period of rice, soil drought would greatly reduce the reserves or spikelets per unit 

land area, which was also the reason for the decreased yield[6-9]. In the research and analysis of rice 

yield, most research methods and directions are relatively simple, some only study meteorology, some 

only study soil, etc., but few research cases can fully study the impact of environmental factors on 

yield. The relationship between soil and meteorological factors and rice yield was analyzed, and the 
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index system of rice yield evaluation was established by principal component analysis and factor 

analysis[10]. 

2. Indicator description and factor analysis model 

Heilongjiang province with the highest latitude, has a temperate continental climate, with rain and 

heat in the same season. Its annual average temperature is -4~5 ℃, and its frost-free period is 100-

160 days. It lacks heat resources. With the help of meteorological, soil and field management data for 

Qianshao Farms from 2008 to 2017, it was found that soil and meteorological factors affect rice yield. 

Therefore, the following evaluation index system was established for the factors affecting rice yield. 

 

Table 2-1 rice quality evaluation index system table 

The evaluation index Variable symbol 

ph PH 

The organic matter OM 

Total nitrogen TN 

Alkaline hydrolysis nitrogen AN 

The effective phosphorus AP 

Slowly available potassium SK 

Available k AK 

Rice yield Yield 

The highest pressure P1 

Total hours of sunshine S2 

The minimum pressure P0 

The highest temperature T1 

The lowest temperature T0 

Maximum relative humidity U1 

Minimum relative humidity U0 

Mean precipitation R6 

evaporation L0 

Maximum shallow ground temperature D1 

Lowest shallow ground temperature D0 

 

The basic idea of factor analysis is to simplify most of the original indicators into several 

comprehensive indicators by reducing dimension, so as to interpret most of the original data. Each 

evaluation index is represented by a linear combination of factors，There are 

 

1 11 1 12 2 13 3 1 1

2 21 1 22 2 23 3 2 2

31 1 32 2 33 3 3

k k

k k

p k k p

X a f a f a f a f

X a f a f a f a f

X a f a f a f a f







 = + + + + +


= + + + + +


 = + + + + +  

The above formula is the mathematical model of factor analysis constructed, X = AF + ε  Type: F  

is the factor，A  is the factor loading matrix， ( )ij
a i = 1, 2 p; j = 1, 2 k  is factor load. 
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3. Establishment and solution of rice yield evaluation model 

3.1 Correlation analysis of soil and yield 

After establishing the evaluation model by factor analysis, the soil data from 2008 to 2017 were 

substituted into the model for calculation and analysis. The correlation test between rice 

yield and soil factor utilization was carried out. The test results are shown in Table 3-1. 

 

Table3-1 KMO and Bartlett's test table 

KMO and Bartlett Inspection table  

Sampling enough degrees Kaiser-Meyer-Olkin Measure 0.516 

Bartlett Test of sphericity 

The approximate chi-square 29.309 

df 28 

Sig. 0.397 

As can be seen from Table 3-1, the correlation is equal to 0.516>0.5，So we can use factor analysis. 

 

Table 3-2 correlation coefficient matrix table 

Correlation coefficient matrix 

related  Ph OM TN AN AP Sk AK Yield 

 Ph 1 0.019 0.009 -0.081 0.041 0.039 0.064 -0.095 

 OM 0.019 1 0.069 -0.023 0.003 0.033 0.101 -0.041 

 TN 0.009 0.069 1 -0.071 -0.023 -0.006 -0.028 -0.055 

 AN -0.081 -0.023 -0.071 1 -0.04 -0.018 0.025 -0.052 

 AP 0.041 0.003 -0.023 -0.04 1 -0.064 0.056 -0.063 

 SK 0.039 0.033 -0.006 -0.018 -0.064 1 0.004 0.039 

 AK 0.064 0.101 -0.028 0.025 0.056 0.004 1 -0.153 

 Yield -0.095 -0.041 -0.055 -0.052 -0.063 0.039 -0.153 1 

As can be seen from Table 3-2, there is a great correlation between various factors, so factor analysis 

can be carried out. 

 

Table 3-3 common factor variance table 

Common factor variance 

 The initial extract 

Ph 1.000 0.542 

OM 1.000 0.461 

TN 1.000 0.694 

AN 1.000 0.650 

AP 1.000 0.499 

SK 1.000 0.678 

AK 1.000 0.511 

Yield 1.000 0.477 
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Table 3-3 shows that the contribution of common factors in Ph value is 54.2%,  and the minimum 

contribution is 47.7%. It can be seen that the data can be well analyzed, so factor analysis can be used 

for analysis and calculation. 

Factor variables are constructed to obtain the total variance decomposition table3-4， 

 

Table 3-4 total variance decomposition table 

The total variance of the interpretation 

ingredients Initial eigenvalue Extract the sum of squares and load Sum of squares of rotation loaded 

 total 
The 

variance 
of % 

The 
cumulative 

% 
total 

The 
variance 

of % 

The 
cumulative 

% 
total 

The 
variance 

of % 

The 
cumulative % 

1 5.331 59.237 59.237 5.331 59.237 59.237 5.323 59.141 59.141 

2 1.662 18.468 77.729 1.662 18.468 77.705 1.242 13.796 72.937 

3 0.76 8.441 86.148 0.76 8.441 86.146 1.189 13.209 86.146 

4 0.706 7.849 93.995 0.706 7.849 93.995 1.256 7.875 94.021 

5 0.298 3.314 97.31       

6 0.145 1.611 98.92       

7 0.039 0.436 99.356       

8 0.03 0.331 99.687       

9 0.028 0.313 100       

 

As can be seen from Table 3-4, when the eigenvalue is greater than 1, four principal components can 

be selected. At this time, the cumulative contribution rate is 94.021%, indicating that the data is valid. 

 

Table 3-5 composition matrix table 

Component matrix 

ingredients 

 1 2 3 4 

Ph 0.444 0.273 -0.199 0.481 

OM 0.385 0.290 0.399 -0.263 

TN 0.164 0.509 -0.013 -0.638 

AN -0.072 -0.647 0.462 -0.113 

AP 0.337 -0.198 -0.585 0.066 

SK -0.049 0.391 0.497 0.525 

AK 0.622 -0.216 0.252 0.119 

Yield -0.637 0.225 -0.053 0.136 

Extraction method: principal component. 

a. Four components have been extracted 

 

It can be seen from Table 3-5 that four components are extracted, among which factor has a high 

proportion on component 1, while factor has a low proportion on other components, which cannot be 

well explained at all. We can rotate the factor. 
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Table 3-6 rotation component matrix table 

Rotational component matrix 

ingredients 

 1 2 3 4 

Ph 0.263 0.670 -0.119 0.098 

OM 0.359 -0.021 0.515 0.259 

TN -0.063 0.048 0.823 -0.101 

AN 0.296 -0.700 -0.264 0.053 

AP 0.177 0.346 -0.173 -0.564 

SK 0.016 0.217 -0.098 0.788 

AK 0.709 0.040 -0.046 0.062 

Yield -0.648 -0.014 -0.115 0.211 

Extraction method: principal component. 

a. The rotation converges after 7 iterations. 

 

Table 3-6 is obtained after the factor rotation. It can be seen from the table that the variables OM, AN 

and AK have a high proportion in component 1, with the values of 0.359, 0.296 and 0.709. The 

proportion of SK and Yield in component 4 is very high, with the values of 0.788 and 0.211. The 

proportion of variables TN and X9 in component 3 is high, which is 0.080 and 0.912, respectively; 

the proportion of Ph and AP in component 2 is high, which is 0.670 and 0.346. Let's write these four 

pivot factors in turn as. 

 

Table 3-7 composition conversion matrix table 

Component conversion matrix 

ingredients 1 2 3 4 

1 0.884 0.379 0.226 -0.156 

2 -0.333 0.585 0.610 0.417 

3 0.325 -0.514 0.135 0.782 

4 0.053 0.500 -0.747 0.435 

 

Component score matrix was analyzed to establish the correlation model between factors and rice 

yield: 

 

1 1 1 2 2 3 3 9 9

2 1 1 2 2 3 3 9 9

3 1 1 2 2 3 3 9 9

4 1 1 2 2 3 3 9 9

f X X X X

f X X X X

f X X X X

f X X X X

   

   

   

   

= + + + +

= + + + +

= + + + +

= + + + +

 

Among them is the coefficient obtained by component score coefficient matrix. 
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Table 3-8 component scoring coefficient matrixtable 

Component score coefficient matrix 

ingredients 

 1 2 3 4 

Ph 0.189 0.601 -0.147 0.104 

OM 0.287 -0.055 0.466 0.243 

TN -0.075 0.011 0.765 -0.109 

AN 0.277 -0.635 -0.223 0.060 

AP 0.115 0.310 -0.170 -0.515 

SK 0.029 0.203 -0.113 0.736 

AK 0.574 0.008 -0.062 0.079 

Yield -0.513 0.021 -0.095 0.179 

Table 3-9 comprehensive score 

Ph OM TN AN AP SK AK Yield f1 f2 f3 f4 F 

6.52 51.7 1.65 127 19.6 393 307.7 550 -40.74 -2.794 -1081.742 422.612 -25837.128 

5.8 49.41 1.54 237.3 16.7 300 163.2 550 -96.96 -94.058 -982.800 350.207 -23520.920 

5.53 53.21 1.65 305.7 17.3 395 142.1 550 -86.26 -118.566 -966.719 423.150 -23121.190 

5.45 30.76 1.65 246.4 55.2 368 145.2 550 -103.8 -73.429 -955.185 374.972 -22849.990 

5.5 43.62 1.59 252 11.9 366 134.7 560 -114.7 -91.807 -950.597 400.273 -22741.510 

5.47 45.38 1.56 238 11.5 345 272.2 570 -44.97 -86.504 -949.175 397.222 -22687.620 

5.2 42.55 1.53 369.1 47.5 442 105.6 550 -87.94 -139.843 -946.213 440.522 -22631.280 

5.61 45.85 1.64 140 8.96 343 131.1 550 -143.1 -26.127 -935.327 376.583 -22372.840 

5.14 29.02 1.63 345.8 16.8 387 231.9 550 -30.95 -144.007 -934.588 421.119 -22342.610 

5.23 35.7 1.65 315 11.3 341 143.8 550 -90.08 -136.489 -925.930 382.881 -22158.670 

5.4 47.17 1.59 245 29.6 268 115.3 560 -127.6 -102.161 -923.354 317.898 -22114.330 

5.13 47.88 1.53 315 8.94 462 225.3 550 -36.55 -112.749 -923.967 482.578 -22067.240 

5.19 50.9 1.64 385 7.89 270 92.74 550 -98.07 -197.689 -917.512 336.263 -21985.310 

4.95 39.64 1.64 378 54.9 380 248 550 -5.564 -154.624 -915.897 402.098 -21894.790 

5.14 37.68 1.43 255.5 13.6 408 296.5 550 -16.11 -83.354 -915.504 440.033 -21861.700 

5.1 24.72 1.45 310.1 7.98 347 187 550 -69.98 -132.331 -913.736 389.491 -21858.280 

5.08 41.02 1.63 347.2 19 343 136.2 560 -88.19 -154.812 -910.927 384.819 -21802.620 

5.08 41.76 1.53 336.4 10.7 403 114.3 550 -97.61 -138.354 -911.203 429.276 -21797.190 

5.19 46.53 1.64 237.3 13.8 479 101.9 550 -128.3 -59.325 -910.323 477.834 -21753.510 

5.05 53.05 1.36 378 7.98 350 116.8 585 -101.2 -177.725 -908.386 403.381 -21746.510 

The factor coefficient obtained from Table 3-8 is substituted into the formula to obtain the analysis 

equation: 

1

2

3

0.189 * 0.287 * 0.075 * 0.277 *

0.115 * 0.029 * 0.574 * 0.513 *

0.147 * 0.466 * 0.765 * 0.223 *

0.170 * 0.113 * 0.062 * 0.095 *

0.147 * 0.466 * 0.765 * 0.223 *

0.170

f Ph OM TN AN

AP SK AK Yield

f Ph OM TN AN

AP SK AK Yield

f Ph OM TN AN

= + − +

+ + + −

= − + + −

− − − −

= − + + −

−

4

* 0.113 * 0.062 * 0.095 *

0.104 * 0.243 * 0.109 * 0.060 *

0.515 * 0.736 * 0.079 * 0.179 *

AP SK AK Yield

f Ph OM TN AN

AP SK AK Yield

− − −

= + − +

− + + +  
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The factor 
1 2 3 4

f , f , f , f , Take the weighted sum. Finally, the comprehensive evaluation model is 

obtained: 

 

( )1 1 2 2 3 3

1 2 3

F=
p p

p

f f f f   

   

+ + + +

+ + + +

 

 

You plug in the data and you get： 

 

1 2 3 4
15.551% 13.879% 13.518% 13.455%

F
56.4.3%

f f f f+ + +
=

 

 

Finally we got a composite score. As shown in the following table3-9. 

It could be seen that when Ph value, OM, SK and AK were reduced and the content of alkali-

hydrolyzed Nitrogen AN was increased, rice yield increased. 

3.2 Correlation analysis of meteorology and yield 

The correlation between meteorological factors and rice yield was tested. It was found that the total 

sunshine time, maximum air pressure and average precipitation had a great correlation with rice yield, 

while the air temperature and total sunshine hours directly affected rice yield and had a positive 

correlation. Principal component analysis was performed, and table 3-10 was obtained. 

 

Table 3-10 Climate factors are correlated with yields 

 
yield 

(Pearson) related significant（Double tail） 

The highest pressureP1 0.411 0.418 

Total hours of sunshineS2 0.302 0.561 

The minimum pressureP0 0.441 0.381 

maximum temperature T1 0.678 0.139 

minimum temperature T0 0.715 0.11 

Maximum relative humidityU1 0.573 0.235 

Minimum relative humidityU0 0.766 0.076 

Mean precipitationR6 0.294 0.571 

evaporationL0 0.673 0.143 

Maximum shallow ground 
temperatureD1 

0.623 0.186 

Lowest shallow ground 
temperatureD0 

0.776 0.07 

 

In Table 3-10, the characteristic value of component 1 is 4.482, in which the scores of maximum 

temperature T1, minimum temperature T2, maximum shallow ground temperature D1 and minimum 

shallow ground temperature D0 are larger. They are 0.875415，0.956026，0.805607，0.925086. 

The scores of average precipitation R6 and evaporation L0 are small,. They are 0.050702，0.442353. 
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The eigenvalue of component 2 is 3.061. The value of evaporation L0 and sunshine duration S2 with 

the highest score was 0.818602 and 0.902696. It can be seen that the second principal component is 

affected by evaporation. The characteristic value of component 3 was 1.073, among which the 

average precipitation R6, maximum pressure P1 and minimum pressure P0 were the highest, reaching 

0.306673, 0.238424 and 0.144446. 

The characteristic value of component 4 was 1.013, and the highest value was average precipitation 

R6 and relative maximum humidity U1, reaching 0.914633 and 0.218596. It can be seen that the 3rd 

and 4th principal components show the influence of precipitation. 

 

Table 3-11 Eigenvalue, cumulative percentage and eigenvector 

project 
The main factor 

Component of the source 
1 2 3 4 

The eigenvalue 4.482 3.061 1.073 1.013  

contribution 37.346 25.511 8.943 8.439  

Cumulative percentage % 37.346 62.857 71.799 80.239  

The feature vectors 0.55909 -0.2541 0.23842 -0.21195 The highest pressureP1 

 0.71018 -0.1790 0.14444 -0.22147 The minimum pressureP0 

 0.87541 0.35472 -0.0831 0.04231 The highest temperatureT1 

 0.95602 -0.1185 -0.0468 0.02068 The lowest temperatureT0 

 0.20477 -0.6412 -0.3413 0.21859 Maximum relative humidityU1 

 0.45478 -0.7987 -0.0775 0.09789 Minimum relative humidityU0 

 0.05070 0.03204 0.30667 0.91463 Mean precipitationR6 

 0.44235 0.81860 -0.0202 0.00189 evaporationL0 

 0.80560 0.48634 -0.12787 0.06626 
Maximum shallow ground 

temperatureD1 

 0.92508 -0.2299 -0.07099 0.04990 Lowest shallow ground temperatureD0 

 0.02485 0.90269 -0.13752 0.06809 Total hours of sunshineS2 

 

The correlation test shows that the factors directly proportional to the yield include: minimum 

temperature T0, minimum shallow ground temperature D0, minimum pressure P0, maximum 

temperature T1, maximum pressure P1, maximum shallow ground temperature D1, evaporation L0, 

average precipitation R6, minimum relative humidity U0, and the other factors are negatively affected. 

With meteorological factors as independent variables and output as dependent variables, principal 

component analysis was conducted and the equation was obtained as follows: 

 

3
0.083 * 1 0.05 * 0 0.116 * 1

0.039 * 0 0.209 * 1 0.261 * 0 0.943 * 6

0.268 * 0 0.159 * 1 0.075 * 0 0.295 * 2

f P P T

T U U R

L D D S

= − − +

− − − +

+ + − +  

 

It can be seen from the equation that, similar to the results of correlation coefficient analysis, the order 

of positive influence is average precipitation R6, evaporation L0, maximum temperature T1, 

maximum shallow ground temperature D0 and total sunshine duration S2, and the order of negative 

influence is maximum pressure P1, minimum pressure P0, maximum relative humidity D1, minimum 

relative humidity D0 and minimum temperature T0. 
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3.3 Correlation analysis of soil, meteorology and yield 

Correlation tests were conducted on soil, meteorological and environmental factors and rice yield. 

 

3-12 Correlation coefficient between soil and meteorological factors and yield 

 The correlation coefficient 

Ph -0.095 

OM -0.041 

TN -0.055 

AN -0.052 

AP -0.063 

SK 0.039 

AK -0.153 

P1 -0.768 

P0 -0.963 

T1 -0.94 

T0 -0.923 

U1 -0.098 

U0 -0.502 

R6 0.293 

L0 -0.682 

D1 -0.993 

D0 -0.825 

S2 0.144 

 

The principal component analysis of soil and meteorological factors was carried out: 

It can be seen from Table 3-13 that when the number of principal components reaches 4, the desired 

result can be obtained. The characteristic value of component 1 was 8.7931, among which the highest 

temperature, lowest temperature, lowest relative humidity, evaporation and lowest shallow 

geothermal were 0.9035, 0.9462, 0.9143, 0.9428 and 0.9739 respectively, while the scores of 

available potassium, organic matter and PH were smaller, which were -0.7742, -0.1255 and -0.2390 

respectively. 

The characteristic value of component 2 was 5.776, in which the PH value, total nitrogen TN and D1 

score of the highest shallow ground temperature were relatively large, reaching 0.9448, 0.5066 and 

0.4944, respectively. The values of alkali hydrolysis Nitrogen AN, minimum relative humidity U1 

and average precipitation R6 were relatively small, which were -0.7397, -0.6567 and -0.9308 

respectively. 

The characteristic value of component 3 was 2.495, among which the available phosphorus AP and 

total nitrogen TN had the highest value (0.6820, 0.6971). In addition, the maximum pressure P1, the 

minimum pressure P0, the evaporation capacity L0 and the organic matter OM had a negative 

influence. 

The characteristic value of component 4 was 1.456, and the score of OM and SK of slow-release 

potassium were the highest, 0.5294 and 0.6202. In addition, the available phosphorus AP, PH and the 

highest shallow geothermal temperature show the largest negative vector. The K score in the soil is 

relatively large. P, PH and K in the soil will affect soil fertility and change the growing environment 

of rice, thus affecting rice yield. 
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3-13Eigenvalue, cumulative percentage and eigenvector 

project 
The main factor 

Component of the source 
1 2 3 4 

The eigenvalue 8.973 5.776 2.495 1.456  

contribution 47.229 30.399 13.133 7.662  

Cumulative percentage % 47.229 77.628 90.761 98.423  

The feature vectors -0.2396 0.9448 -0.1323 -0.1589 Ph 

 -0.1255 0.4765 -0.6899 0.5294 OM 

 0.4027 0.5066 0.6971 0.3053 TN 

 0.5255 -0.7397 -0.1107 0.3902 AN 

 0.4818 -0.0189 0.682 -0.5039 AP 

 0.1026 0.4331 0.641 0.6202 SK 

 -0.7742 0.5413 0.0392 -0.0234 AK 

 0.7454 0.2813 -0.5916 -0.0533 P1 

 0.806 0.4968 -0.256 -0.1431 P0 

 0.9035 0.4139 0.0964 0.0374 T1 

 0.9462 0.3205 -0.0193 0.0227 T0 

 0.6667 -0.6567 0.2663 0.2045 U1 

 0.9143 -0.2984 -0.1042 0.1741 U0 

 0.3244 -0.9308 -0.1428 0.0419 R6 

 0.9428 -0.1308 -0.2916 -0.0624 L0 

 0.8494 0.4994 0.0145 -0.1667 D1 

 0.9739 0.157 0.1021 0.1262 D0 

 0.3767 -0.8713 0.051 -0.2694 S2 

 

Principal component analysis of two environmental factors and rice yield was carried out. It can be 

found that there are alkaline hydrolysis nitrogen AN, available potassium AP, maximum relative 

humidity U1, average precipitation R6, evaporation L0 in direct proportion to the yield, among which 

PH, organic matter OM, available potassium AK, available potassium SK, and minimum pressure P0 

are the factors negatively affecting the yield. And principal component analysis was carried out (see 

Appendix 7), and the following results were obtained: 

 

148 36.4 * 21.0 * 36.8 * 34.6 *

9.8 * 0 4.3 * 0 20.9 * 6 18.5 * 2

Y OM TN AN AP

P P R S

= + + + −

− + −  

 

It can be seen from the equation that there are positive correlations between rice yield and organic 

matter OM, total nitrogen TN, average precipitation R6, alkaline hydrolysis nitrogen AN, and 

negative correlations are lowest pressure P0, available phosphorus AP, evaporation L0 and sunshine 

duration S2. The coefficient represents the impact on rice yield, so rainfall and strong wind in the 

growing season have a greater impact on yield. 

4. Conclusion 

The factors affecting rice yield are many and complex. Among them, soil and meteorological factors 

are the most important factors affecting rice yield, which directly affect the growth and development 
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of rice, and thus the yield of rice. In the influence of soil factors on rice yield, rice yield increased 

when Ph value, OM, SK and AK were reduced and the content of alkali-hydrolyzed Nitrogen AN 

was increased. Among the influences of meteorological factors on rice yield, average precipitation 

R6, evaporation L0, temperature T and total sunshine duration S2 were positively correlated with rice 

yield, while the maximum pressure P1, minimum pressure P0 and relative humidity U were 

negatively correlated with rice yield. Heat contributed the most. In the two categories of 

meteorological and soil environmental factors, the order of positive influence is organic matter OM, 

total nitrogen TN, average precipitation R6, alkaline hydrolysis nitrogen AN, and the order of 

negative influence is the lowest pressure P0, available phosphorus AP, evaporation L0 and total 

sunshine duration S2. Therefore, rainfall and wind in the growing season have a greater impact on 

the yield. 
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