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Study on Climatic Evaluation Method of High Yield and Quality of Soybean
Based on Stage Sowing Experiment in Eastern Da Hinggan Mountains

WANG Yanping', YOU Si', CUI Wenfang”

(1. Hulun Buir Meteorological Office, Hulun Buir 021008 , China; 2. Vocational and Technical College, Inner Mongolia Agricultural University, Hohhot

010018, China)

Abstract: In order to develop the quantitative evaluation service of soybean high quality and high yield in the Eastern Da
Hinggan Mountains, based on the data of soybean development from 1992 to 2021 at the Zalantun Agrometeorological
Monitoring Station, and the soybean yield per unit area in Hulun Buir City, combined with years of soybean production
practice and staged seeding test data,the suitable meteorological indicators for high yield and good quality at each growth stage
of soybean were analyzed, the meteorological conditions for high yield and good quality at each stage and their importance were
determined, and the evaluation methods and indicators for high yield and good quality climate were established. The yield and
quality data of the stage seeding experiment were used to verify the results. The results showed that the meteorological grade of
high yield and good quality that conformed to the actual yield and quality characteristics accounted for 60% , basically
conformed to 17% , and not conformed to 23% . The evaluation index comprehensively considers the climatic conditions that
affect the yield and quality. The evaluation method enriches the quantitative assessment of the climate impact during the

soybean planting process in the alpine region, and also provides a reference method for other field crops in the climate impact

assessment.
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Table 1 Time of main development stages of soybean

FEAFH e ~ e IR ~ H5 38 BEIE ~ A 2EFEN
Main growing From sowing to From branching From podding The whole growing
stage branching to podding to mature period
I} B 5 LA ~7 HLEA 7 HHA) ~8 H LA 8 Aof) ~9 Hbh 5 H LA ~9 Ht)
Time
T SABH~7H1I0H  7HUH~88H  8H1LH~919H SHI3H~9H19H

Average growing period
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Table 2 Yield and quality of the three soybean varieties at different sowing stages
- WM -H) R bR bt MT%T jl WelE R EAFAR RGN
Varietios Sowing date  Theoretical yield/ Real yield/ vield/ Fat content Protein Total protein
(month-day) (kg - hm~?) (kg + hm~?%) /% content/ % and fat/ %
(kg - hm~?)
53312 Mengdou 12 4-25 3616 3073 42 21.1 39.3 60.4
5-5 3533 3003 -68 20.8 39.6 60.3
5-15 3700 3145 -4 20.7 39.1 59.8
5-25 3561 3027 -124 20.8 38.8 59.6
6-5 3425 2911 -120 20.5 39.5 60.0
52513 Mengdou 13 4-25 3849 3272 200 20.1 39.6 59.6
5-5 3987 3389 241 20.0 39.6 59.6
5-15 3712 3155 4 19.6 39.6 59.2
5-25 3352 2849 -266 19.5 39.9 59.4
6-5 3310 2814 -282 19.0 39.7 58.7
25 15 Mengdou 15 4 -25 3752 3189 110 19.9 40.4 60.3
5-5 3991 3392 312 20.2 39.9 60. 1
5-15 3465 2946 -92 19.8 40.1 59.9
5-25 3638 3093 6 19.8 39.9 59.6
6-5 3441 2925 -184 19.4 40.5 59.8

T PN 2020 12021 AFEFE AR AR N AR BIESE AR A AR

Note: Output is the average output in 2020 and 2021, which is only used as the basis for the verification of high yield and high quality in this study.
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Table 3 Annual meteorological indicators for high yield and quality of soybean

e e HEF M
. R B - A
SLER The whole
From sowing to From branching From podding
Meteorological element growing
branching to podding to mature
period
H-35S3 (T) Average temperature( T) /C 18.0~20.0 22.0~24.0 =18.0 19.0~21.0
HFKEATF(XR) Total daily precipitation( Y R)/mm 130 ~250 120 ~ 180 130 ~200 450 ~ 650
HFER#( £S) Sunlight hours( ¥.S)/h =500 =130 =390 =1000
SR H 2 (AT) Daily temperature range( AT) /°C =12.0 =10.0 10.0~13.0 11.0~12.0
=10 CHBBUR(X TS p)
=450 =250 =350 =1100
Effective accumulated temperature of = 10 C( X T2 |y« )/(C - d)
HP- 53 =10 CHE(ZD2 o)
. - . =140

Daily average temperature=10 °C Days( XD ¢ )/d
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Table 4 Correlation between climatic factors and yield components and quality factors

EHW T I LR 73 T84 HRLTE RE it HT iEL] N5 B
Growth Branches Seeds number 100-seed Meteorological ~ Protein Fat Total protein
Climatic factor
stage number per plant weight yield and fat
P ~ 738 ERB O -0.093 -0.634"" 0.120 -0.477"* 0.036  -0.393 -0.340
From sowing to Average temperature
branching H Bk #53t -0.603**  0.257 -0.681**  -0.003 -0.065 0.180 0.360
Total daily precipitation
=10 CH R
Effective scoumlated -0.209 -0.413" 0.013 -0.219 0.061 -0.371 -0.236
temperature of =10 C
H R85 0.223 0.563* " 0.086 0.550**  0.047 0.259 0.268
Sunlight hours
AR e 0.345 0.437* 0.080 0.498 * 0.001 0.283 0.237
Daily temperature range
OIS ~ G2 H -2k -0.013 -0.547""* 0.339 -0.397" 0.174  -0.455" -0.403 "
From branching Average temperature
to podding H Bk &4t -0.459* 0.204 -0.624 0.140 -0.023 0.138 0.368 *
Total daily precipitation
=10 CH R 0.030 -0.350 0.375*% -0.009 0.452"° -0.755** -0.341
Effective accumulated
temperature of = 10 C
H R4 0.475** 0.149 0.508 * * 0.216 0.065 -0.031 -0.162
Sunlight hours
AR H e 0.556** -0.223 0.659" * -0.037 0.039  -0.155 -0.386"

Daily temperature range
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A7 ] IR RS R TR E &7 e EAR g Eegigseil
SHENT
Growth Branches Seeds number 100-seed Meteorological ~ Protein Fat Total protein
Climatic factor
stage number per plant weight yield and fat
LEIE ~ A H -2l
0.341 0.431" 0. 100 0.312 -0.101 0.338 0.151
From podding Average temperature
to mature H KA
0.360 0.060 0.422* 0.034 -0.002 -0.018 -0.223
Total daily precipitation
=10 CHYUBIR
Effective accumulated 0.217 0.517** -0.025 0.349 -0.146 0.443 " 0.235
temperature of =10 C
H AR 4 , , v
-0.114 0.416 " -0.362" 0.267 -0.189 0.554" 0.426"
Sunlight hours
AUl H A .
0.565" " 0.137 0.003 0.274 -0.165 -0.323 -0.521" "

Daily temperature range

I " FORZRAE0.05 KPLRFE; " FRERIE0.01 KFBF,

Note: * indicates that the difference is significant at 0. 05 level;
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Table 6 Evaluation of meteorological suitability grade for high yield and good quality of soybean

indicates that the difference is significant at 0. 01 level.

AU 5 7 A R R A BB R A A SR SR R
(K 5) ES I W Ebr BB, BT R

W HAFRIRIA (R 6) .

KR HFHR B ANE R ~ 3B IYHE ~ G5 L5398 ~ AU
Meteorological Grade From sowing to From branching to From podding to
suitability level assignment branching podding mature
JEH 4 [l AL LA 3 A2 T Bt J AR 4 A 554k [ 2 AR 4 A 464
Very suitable (1)130< L R<250 (1)120 2 R<180 (1)130< Y R<200
(2)AT=12.0 (2)22.0<T<24.0 (2)T=18.0
(3) £8§=500 (3)AT=10.0 (3) £5=390
(4)XS=130 (4)10.0<AT<13.0
EH 3 130< Y R<250 WATHE W 2L 120< X R<I80 MRATHE T, ELL 130 Y R<200 1§ T=18.0
Suitable TARMEZ—: Tz I AT 3 T, W2 LLF &
(1)AT=12.0 (1)22.0<T<24.0 z—:
(2) 5=500 (2)AT=10.0 (1) £5=390
(3) TSR=130 (2)10.0<AT<13.0
LS TINEN 2 SR<130 B{ X R >250 MUHTHE T, <120 B X R > 180 MIATHE R, SR<130 BLX R >200,H T
More suitable RN Rz —. RUNTF &2 —. <18.0 MR T, W LN
(1)AT=12.0 (1)22.0<T<24.0 bz —.
(2) £8=500 (2)AT=10.0 (1) £5=390
(3) S=130 (2)10.0<AT<13.0
AEE 1 PG DL R Hof R 0 ARFFE D 5 R A B AFFE LA HoA R 1

Unsuitable

T AUB0E BL AR < AR B B ANE B B

Note: Meteorological suitability level is judged from

«

2.2.3 FARRAS N EAATE #EIg R L
B, R REL SR/ ~ B (X)) |

“very suitable” to “unsuitable”.

OIS~ ST (X, ) e 2538 ~ U] (X)) S /K Y
FEEFZME AR A IX 3 A I 30 A9 5 0 A B
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Table 8 Evaluation index of high yield and quality grade of soybean

SE PR

Qualitative description

FR R R ER W FERR (D)
High yield and high quality meteorological grade Evaluating indicator( D)
e H (1 4%) Very suitable (Grade T) D=2.5
& H ( 1 4%) Suitable (Grade 11) 2.0<D<2.5
38 B ( 4%) More suitable ( Grade TIT) 1.5<D<2.0
R H (V4 ) Unsuitable (Grade TV) D<1.5

il

SR R EBRIR I A R
E A~

i BRI G i B A

)

PRI B A

2.3 FFERRSKERENIEIROEIE

FIHI 2020 12021 45 ARG AP IR 1Y 30 Fh S
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Table 9 Verification of meteorological grade evaluation index for high yield and quality of soybean

Eiiie 7| OIRE ~ ¥ BEYE S AT PeWi Gt EBRE o

HEfy A (A -H) . From  Meteorological Fat Total PO SRR
Year  Cultivar  Sowing time From sowing branching  podding yield/ content/%  protein Ealuation Verification

(month-day) © "M podding 10 matwre (kg+hm-2) and fat/% grade results

2020 FU 12 4-25 2 2 4 -2 20.9 60.2 2.4GEH) ey
Mengdou 12 5 -5 2 2 2 -384 20.7 59.8 LO(BSEH)  HEARES

5-15 2 2 3 -34 20.5 59.3 2.2(GEH) ey

5-25 2 2 1 -313 20.8 59.5 1 4(ANIEH) NS

6-5 2 2 1 13 20.6 60.2 1. 4(ANIEE) A
5513 4-25 2 2 3 578 19.7 59.4 2.2(iEH) AR S

Mengdou 13 5 -5 2 2 1 102 20.0 59.5 L6 (BUEH) &
5-15 2 2 1 159 19.5 58.8 Le(HIEH)  BARE

5-25 2 2 1 -285 19.4 59.3 LLA(ARIER) &

6-5 2 2 1 -349 19.1 58.5 1 4(ATEH) &

FH -15  4-25 2 2 3 96 19.7 60.0 2.2(GEH) ey

Mengdou ~15 5 -5 2 2 3 103 19.7 59.9 2.2(GEH) Gy

5-15 2 2 1 -75 19.4 59.7 1.6( ) N

5-25 2 2 1 -36 19.5 59.4 1.4 (AIEE) ey

6-5 2 2 1 ~74 19.4 60.0 LACKIER) Ny
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®o(4)
i) e YR~ BEE BEE i RGUT R Bl Erie AR AR iy ioalls
A0 il (H-H) From From  Meteorological Fat Total E271 ghR
Year  Cultivar  Soving time """ branching  podding vield/ content/%  protein  Evaluation  Verification
(month-day) " odding to matwre (kgehm ) and fa/%  grade results
2021 512 4-25 3 2 2 167 21.3 60.5 2. 1(EH) ey
Mengdou 12 5 -5 3 2 2 215 20.9 60.9  2.1(EH) M
5-15 3 2 2 -9 20.9 60.3 2. 1(iEH) NS
5-25 1 2 1 -39 20.7 59.7 1.2(RIEH) AR S
6-5 1 2 1 -254 20.4 59.8 L2(RIEH) &
57713 4-25 3 3 3 -178 20.2 59.6  2.6(AEWIEE)  ATE
Mengdou 13 5 -5 3 2 2 380 19.7 59.5 2. 1(GEE) s
5-15 3 2 2 -150 19.6 59.6 2. 1(G&H) AR S
5-25 1 2 2 -247 19.5 59.4 L4(ANER) &
6-5 1 2 2 -215 19.0 59.8 1. 4(AEHE) ey
5515 4-25 3 2 1 124 20.1 60.6 1.9 (B3R a
Mengdou 15 5 -5 3 2 1 522 20.6 60.2  L.9(HIEH) iy
5-15 3 2 1 -110 20.2 60. 1 1.9 (BSEH) ey
5-25 1 2 1 48 20. 1 59.8 1. 2(AIEH) ARG
6-5 1 2 1 -295 19.4 59.7 L2(RIEH) &
3 it 60% ) FEATFEEIHN S T (5 17% ) , S5 E WA
viv 7RI 23% ) L PRLBE, VEA 46 bR ACE JH T A%

R R D220 2 3 e FE b X K G = s i H
b, e iR S A R A S, 38R ~ 0k HoF
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FIT RGP HER I N ; 43k ~ 453830 H P <01
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29130 h DIl SR H 325 100 °C LL_EB R T
FEEEIE A T A B SR R AR IR L AT 1, DT R
w5 45 € ~ U HOF AR 18,0 C L
b BEK R 130 ~ 200 mm, H BEET 5K 390 h L
LRI HEZE R 10.0 ~13.0 °C, F TR T 9 5
L JKIADCHC R4 IR 7 2 B R 2 /R TR
T FURRRL S BB L, RN AE R IE, B
YIS 19.0 ~21.0 °C, FEKE K 450 ~650 mm, H I
B4k 1000 h DAL, SR H#2E 0 11.0 ~12.0 CH
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