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Abstract: In order to evaluate the climate quality of soybean, optimize the layout of high-quality soybean production areas,
and increase the added value and market competitiveness of soybean products, this study used the quality test data,
development period data and meteorological observation data for the same period of Neidou 4 in the major soybean producing
areas of the northeast Inner Mongolia from 2005 to 2018 as the materials. We used methods such as correlation analysis,
typical year analysis, and regression analysis, to determine the key meteorological factors and critical periods that affect
soybean protein and fat content, and construct quantitative relationship model between key meteorological factors and the
quality components such as soybean protein content and fat content. The results showed that temperature and precipitation were
the dominant meteorological factors affecting soybean protein content, while the dominant meteorological factor affecting
soybean fat content was temperature. From early August to early September, soybean pod-granulation period was a common
critical period affecting protein and fat content, and also the most critical stage affecting soybean quality formation. After the
flowering stage, high temperature and heavy precipitation were conducive to protein accumulation. While lower temperature in
the early flowering stage and pod bearing and granulation stage and higher temperature in the mature stage were conducive lo
the increasing of soybean fat content. Basing on the analysis of biological significance, factor selection was carried out to
establish a quantitative relationship model between soybean protein content, fat content and key influencing factors with a high
fitting rate. The prediction effect of the simulation test of 2019 soybean protein content and fat content was good.
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Fig. 1 The protein and fat content of soybean
from 2005 to 2018
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Fig. 2 The correlation of protein and fat

content of soybean
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The correlation of protein content and meteorological factors in different periods of soybean

HH K Z2 %K Correlation index

EHE oy B T ReE AR FERER
, THRE  EERE BCRE H AR A
Development Period Average Average [ Ik B
; . Average Maximum Minimum Sunshine
period of time maximum minimum Precipitation
temperature  temperature  temperature duration
temperature temperature
Fr e 6 HTH 0.474 0. 388 0. 065 0. 486 0. 321 -0.439 0. 109
Flowering stage 7 A LA] -0.338 -0.322 0.668 " * -0.418 -0.048 0.761** -0.519
7 A 0.209 0.048 -0. 160 0.113 0. 161 -0.224 -0. 151
7 AR 0.093 0. 264 0. 090 0. 144 0. 083 0.214 -0.215
e
" 8 A M) -0.494 -0.535" 0.009 -0.392 -0.410 0. 166 -0. 066
Podding stage
g wa | 8 H i 0.076 -0. 406 0. 146 -0.137 0. 281 0. 005 -0.328
Filling stage 8 H FH] 0. 008 0. 162 0.017 0. 056 0. 037 -0. 055 0. 100
SER 9 H L4y 0. 408 0. 557 0.071 0. 500 0. 198 -0.126 0.190
Mature stage 9 HHf) -0.102 0. 003 -0.259 -0. 096 -0.130 0. 140 -0.323
9 AT 4 -0.133 -0. 209 -0.032 -0.261 -0. 101 -0.259 -0.293
L5392 R GURY) 8 H I-fij—
" -0. 226 -0.676"" =0.015 -0.209 0.010 0. 056 -0.142
Podding stage- 8 AT A
Filling stage 8 A bh)—
-0.244 -0.665"* 0. 166 -0.303 -0.018 0. 084 -0.272
8 ]
LT e 8 J hf—
0.031 -0.597" -0.237 0.047 0.074 0. 045 -0.134
Podding stage- 9 Hpsg
Mature stage 8 A Fa—
-0.028 -0.597" -0.011 -0.054 0.029 0. 001 -0.193
9 AT M
8 A -fj— -
0. 089 -0.686"" 0.314 0.109 0. 161 0.014 -0.043
9 L]
7 Hkf—
-0.054 -0.183 -0.011 -0.123 0.079 0. 289 -0.542"
9 HF4

T ARSI 0. 05 A1 0. 01 BLAR KA/ BB E AR, TR,

*
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AR IO ) v (A AT AL A 43 30 328 LA 4 A
Shy BLIAE Sy (2007 4T ,44. 9% 32005 4F ,44. 4% ;2008
4 41.7% 32016 4F ,41.4% ) W& A S 21
KHEMIZHFREKEHT . EHREER
=AY 2007 F1 2005 4F 7 H LA R K & 43553 76.7
F1109. 4 mm, 1, 2005 4F & F % 4F (1981—2010
AR SE R KR 1 RE LA L, AR R A B RAIR ) 2008
F12016 4F 7 A A BEK R 7.6 fi1 10.7 mm,
I3 VBECHAERE K I 85. 8% F180.0% , HEHH K

and ** indicate significant and extremely significant correlations at confidence levels of 0. 05 and 0. 01, respectively. The same below.

Y 2007 F1 2005 47 H b AR ARAIR A
16.1 F1 16.4 C, 5HEAEAM L HES 2.6 F12.9 C;
IR 1 R i 2008 F12016 4E 7 H EA) AR
RAPICK 13,2 Fi12.4 C, lEFARK0.3 Tl 1 C,
AR BT E R 2005 12007 4E8 A FA—9 A L
A i R AT 31,3 32, 5°C, HH AR 4 B B
0.2 F1 1.4 C, Wi 8 1 i 4 &1 2008 1 2016
A S B B i AR , 4 i3k 34.8 F137.1 °C L4
AR AR 3.7 /6.0 CT(F2),
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Table 2 Comparison of protein content and key growth period influencing factors in typical years
XA T R A
Key influencing factor Year of high content Year of low content
i} i H
2007 2005 2008 2016
Time Item
7 H 4 Fif 7K dik
76.7 109. 4 7.6 10.7
The first ten days of July Precipitation/mm
KI5
s i +43. 1% +104. 1% -85.8% -80.0%
Anomalous percentage of precipitation/%
71 A b= listich
16. 1 16. 4 13.2 12.4
The first ten days of July Minimum temperature/°C
==l A7
TR
Ll +2.6 +2.9 -0.3 <11
Temperature anomaly/C
8 A LAI-9 A LAl Feer <R
e 3.5 31.3 34.8 37.1
From the first ten days of August Maximum temperature/C
to the first ten days of Septemb iR
o € nrst ten days ol eptember = ‘F +l4 +0'2 +3-7 +6‘O

Temperature anomaly/°C

FE T—9 AR N % vl AR A B R R A 7 i) 3 2
SERENT R BWEES KT RA . W2l
L RAE 7y 7—9 H BRI ZETOA K H % %%

AR <0 CHIHKE , ¥ T K2 B, &t
URKE; N H BEAKEH KA, 2005,2007 2008 F1
2016 4£7—9 AR MBI K E(E3),

N H AL H K =50 mm) fH e GRS AT P TR SN AR E R R R IR K E
SRR, SRR R AT 5 ARy H BRIk OR3P Bk A S ML o) 2 A A
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Table 3 Comparison of protein content and key growth period meteorological disasters in typical years

IR EAR

Year of low content

HiH A

Year of high content

TEAGKE

Major meteorological disasters

2007 2005 2008 2016
T ST JEK H 4L i3 § 2 5
Number of the longest continued non-precipitation day
R
KR K L K5
Drought grade
H Rk fe R (B
46.3 41.4 35.7 28.3
Maximum of daily precipitation /mm
H Bk e A B (Rl (H - H
" I ( ) 08 -09 07 -08 07 -22 09 -24
Time of extreme value for daily precipitation/ ( month — day)
WA/ (H - H)
09 -13 09 -26 09 - 14 09 -22
Maturity/ ( month — day)
IR H s Ey (A - |
09 -27 10 -05 09 -23 09 -29
The first frost date/ ( month — day)
#IH H HRE<R
=0:2 -0.6 =0.:3 -0.8

Minimum temperature of the first frost date/°C
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Table 4 The correlation of fat content and meteorological factors in different period of soybean

FH & 2 %Y Correlation index

EHH i Bt FHRBCH PR
; PR EeER &R H e A
Development Period Average Average [ K B
. i Average Maximum Minimum Sunshine
period of time maximum minimum Precipitation
temperature  temperature  temperature duration
temperature temperature
iia 6 A Al -0.35 -0.28 -0.36 -0.24 -0.54"* 0.07 0.20
Flowering time 7R L4 0.:27 0.22 -0.18 0.28 0.18 -0.33 0.22
7 Hd ) 0.01 0.07 -0.11 0.10 -0.21 -0.11 0.23
7 A4 -0.42 -0.11 -0.30 -0.30 -0.39 -0.41 -0.01
EAE |
" 8 J Lf) 0.49 0.34 0.27 0.37 0. 46 0. 01 0.07
Podding stage
Eraeil] 8 A 0.06 0.12 -0.07 0.08 0.01 -0.12 0.05
Filling stage 8 H 4] 0.16 0.33 0.01 0.13 -0.01 -0.26 -0.08
SER 9 H LAl -0.57° -0.48 -0.34 -0.60 -0.43 0.11 -0.29
Mature stage 9 Htha) 0.17 -0.09 0.33 0.10 0.18 -0.32 0.03
9HTH 0.63° 0.40 0.37 0.63* 0.59 0.12 -0.02
9 A E—9 A F4E 0.57* -0.08 0.37 0.53 0. 49 -0.21 0.01
A
Podding stage- 8 J [f]—9 A I-f] -0.05 0.26 -0.56" -0.11 -0.17 -0.13 -0.12

Mature stage

2.3.2 EEHAELS AL KRHY@E TN N
T T 3 2 19 55 1 A 49 RN ABL AT 03 43 J01) 2 BTG 4 1R
Sk BLTELAR (45 (2006 4T 22. 2% ,2015 4F- 4 20. 9% ;
2013 4F357 19. 6% , 2010 4FH 19. 5% ) , X 5% i Bg i
TR CENIE N iR T (R S) RS &
BRI 2006 A1 2015 4E,6 H T A) 09 F 3 R AR AR
ARk 14.5 F116.0 °C, Hir, 2015 4F 5 F % 4
(1981—2010 4F)0. 8 °C , MifE i & R H:A% 4 2013 0

2010 4,6 A F A FIER S5 16.3 F117.8 C,
B RACRIE S 1.1 f12.6 C, &gl
T H 2006 F12015 479 H b A) X B AR A
% 18.4 F121. 6 C, LB AESM B 3. 8 #1 0.6 °C, iiif
g 5 7 & 2013 F1 2010 4, e By B V- ¥ 5 R
HIIA 23.3 f127.1 C, a5 EEE L1 A
4.9°C
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Table 5 Comparison of fat content and key growth period influencing factors in typical years

R4 A4

Al
RELHIA T Year of high content Year of low content
Key influencing factor
2006 2015 2013 2010
6 H T4 PR AR iR
14.5 16.0 16.3 17.8
The late ten days of June Average minimum temperature/ C
= 3G S
Ll
hendl -0.7 +0.8 +11 +2.6
Temperature anomaly/C
9 A A -3 e SR
y TN 18.4 21.6 23.3 27.1
The first ten days of September Average maximum temperature/ C
= Y HE S
i
h i —3.8 ~0. 6 #1: 1 +4.9

Temperature anomaly/C

FET—9 AR NS AR R G A =i £ &
SERENT R BEWUSF KRR W42l
M RAEfy 7—9 H BB IR EETOA K H % 2
9 H %0 ( H k=50 mm) Al H e ARIR 4B s
SRR MARIAEA YR K A5 N H R KR gk
A, EEAR) 2015 45 8 H FIRAEAF(3H 2010 48

HArm B 1 RN, AR R H BLR T 3t 2
R s NILRLAR G H B IR <0 CHl HORFE , 11
TREAI, R R ERKE (R 6) . UWIAME
AR RS K F R ARSI R E XN KGR
U7k B R MR AL A AN AT AR

Fo HMEEMENHEESXBERKMSKRENIILESH

Table 6 Comparison of fat content and key growth period meteorological disasters in typical years

TEARKE

[EIEESC)

Year of high content

(SIEEE)

Year of low content

Major meteorological disasters

2007 2005 2008 2016
TR MR JEA AR K FL = " . -
Number of the longest continued non-precipitation day
TR
s L H et
Drought grade
H Bk f
Rk RS 29.8 121..3 48.2 51
Maximum of daily precipitation/mm
A Bk B (Rl (H - A
el ) 07 -20 08 15 07 -27 08 - 14
Time of extreme value for daily precipitation/ ( month — day)
R/ (H - H)
09 -20 09 -15 08 -28 08 -24
Maturity/ ( month — day )
% H I (] - H
SIMRLSAR ] 53 5] 10 -08 10 -02 09 -28 09 -22
The first frost date/ ( month — day)
b7 H H SRR
i s -1.6 1.9 0.7 0.5

Minimum temperature of the first frost date/C

2.4 XKEmBRESEXBESKEATFEEXRKRD
2.4.1 HAME et YR GR LA
W, %8N T RIZEAE A, F—<RH T
VeI B B BEAE 9 A A2 4, W H 2005—2018
SRR , SR I 22 5T 1 V3 77 0 i 7 R LB L I
FEGREAILRHE TR E B R, R8I 1t
G RN 7, EA R E R 5B W TR
FRAIF AR T2 7 A L AREKE  RER
M8 H A9 H A s Ui, B K 2 R
AR IE RN, B e R T . &

HxXEALAFHLZouh AR (B (EE 9%,
R*=0.76,F =10.46)WIF ;

Y, =0.014R +0.234T, ., -0. 1927, +45. 355

A1, RHRFET A LakEKE,T,,AEXT AL
A ERARSIR, T 8 8 A LAIZE 9 A Fa K&
(=i

fEM & 5 RS H T 0 REA P ) A vt FH
T2 6 A TNAPE Y EARSIRM 9 A LA 5 m
SRR RN . RS RS CESLETE
JLIA AR (B AE ¥ 95% ,R® 4 0.42,F 3 3.99)
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Table 7 Model regression test results
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Table 8 Model simulation test results
EAB S E i
Protein content Fat content
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Orogen Autonomous Government
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Zha Lai Te Banner
BHA
40. 8 116! 3.8 20.3 0.9 4.5
Ke You Qian Banner
P-4 Mean 41. 8 0.98 2.3 19. 8 T 1 53
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