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Forecast method of growth stage and yield of soybean based on climate suitability in Inner Mongolia
JIN Lin—xue', LI Yun—peng'', WU Rui—fen', LI Dan', WANG Jia’
(1. Center of Ecology and Agricultural Meteorology of Inner Mongolia, Hohhot 010050, China;
2. Meteorological Berau of Binhai New Area, Tianjin 300457, China)

Abstract: It is of great significance to forecast the growth stage and yield for agricultural production and food
security. The observed data, including weather and development stage from 1981 to 2012 during soybean growth
season in Inner Mongolia were used to this paper. Based on the physiological characteristics of soybean, the climate
suitability model was built, the growth stage and yield forecasting models by step of 10 days were established. At
last the forecasting accuracy rates were tested using the data from 2013 to 2015. The model for each growth stage
forecasting of soybean passed significance test (P<<0.01) based on climate suitability method, and the average ac-
curacy of different stages were more than 90%, except for the stage from filling to mature. It is proved that the
growth stage model has high forecasting precision. The model for yield forecasting of soybean passed significance
test (P<<0.05) most time, the average accuracy of the actual yield based on climate suitability was 87.6%. The
growth stage and yield prediction model has high prediction accuracy and can satisfy the needs of operational servic-
es, it also provides reference for forecasting method research of soybean in other soybean areas.
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Fig.1 Study area and the distribution of stations in Inner Mongolia
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Table 1 Critical value of climatic suitability index of each growth stage of soybean
; ; . TR BEHE L HEcl H A HRGE A T K
KEW G SR ERwE , : P ,
2B Optimal sunshine ZHh Water require-
Growth stage Min temp./C ~ Optimal temp./C ~ Max temp./C
Constant B hours/h Constant b ments/mm
AP — A
7.5 18.5 26 0.7 9.37 5.05 27.5
Sowing—seedling
B — A
10.5 23.5 30 0.5 9.03 4.87 61.6
Seedling=branching
A — I AE
14 27 32 0.4 8.75 4.72 473
Branching—flowing
T — Bk
13 25 30.5 0.5 8.31 4.48 266.8
Flowing—filling
FORL— AL
10 18 30 1.5 7.75 4.18 146.9
Filling—mature
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Table 2 Growth period of soybean in Inner Mongolia
By R — B — A I —IFAE —B0hL SIORL— A
Stations Sowing-seedling Seedling-branching Branching—flowing Flowingfilling Filling—mature

FERIDA TP BRI A3
T TP FLUE R U 5
R

Horqin Right Wing Middle Banner,
Horqin Left Wing Middle Banner,
Kailu, Jarud Banner, Aohan Banner,

Ongniud

Lk ZE A

Bairin Left Banner

SHIEFFHE
Orogen

RIEH

Sauren

IS

Arun Banner

5 H o)
Middle May

5H M)
Middle May

SATH-6J] 1A
Late May— Early

June

6H L)
Early June

SHLAI-5 AHH
Early May— Middle
May

5ATAI-6 HHA)
Late May—Middle

6 H A

Late June
June

5H T RI-6 A
Late May— Middle

6 H A

Late June
June

6 Ama)-7H k4]
Middle June- Early
July

6 A -7 A 4]
Middle June— Early

July

5H -6 H iha)
Late May— Middle

7H T
Middly July

7H A
Middly July

6 HFf)

Late June
June

7HER-8 AT A
Early July-Late Au-

gust

7TH Ef-8 A
Early July— Middle
August

THTRI-8 AT
Late July— Late Au-
gust

THTH-8 AT
Late July— Late Au-
gust

TH FA-8 )
Early July— Middle
August

9H EA-9 A )
Early-Middle Sep-

tember

8 H FA-9H 4]

Late August — Early

September

9H FAI-TFH]

Early — Late Septem-
ber

9 A ER-HH)
Early — Middle Sep-
tember

8 T A-9H Ay
Late August — Mid-

dle September
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Table 3 Weight coefficients of temperature suitability,
precipitation suitability and sunlight suitability at each

growth stage of soybean

KEM A
m; (j=1-5) a b c

Growth stage
TR — A

0.08 0.47 0.47 0.07
Sowing—seedling
B — A

0.14 0.41 0.5 0.09
Seedling—branching
IR — I AE

0.22 0.12 0.76 0.12
Branching—flowing
TFAE — B0k

0.5 0.23 0.62 0.15
Flowing—filling
BIORL — R

0.05 0.63 0.26 0.11

Filling-mature

635 BB MR AR o A FL2E B TR & B B BL
KE HEX) LB AR RE(Y) , 27 AN ]
KB B BeRR S R B TR AL, Y=aX+b, FLAREIAY
k4,

R4 KERBEHRERYMMER

Table 4 Prediction model of soybean growth period

ASE UL SN PR
R SigF

Growth—-lasting days Prediction models
R —

Y=1.7552X+1.6454 0.93 0.01
Sowing—seedling
B — A

Y=1.441X+9.2202 0.88 0.01
Seedling—branching
I —ITE

Y=1.8977X+0.0911 0.97 0.01
Branching—flowing
AL — B0k

Y=1.7168X+2.8206 0.96 0.01
Flowing—filling
BORL— U

Y=1.102X+13.308 0.81 0.01

Filling-mature
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Table 5 Return test of soybean growth period prediction from 1994 to 2012

FERh— i i — A IR —IFAE FHAE — B0k OB — JCaA
0 Sowing-seedling Seedling—branching Branching—flowing Flowing—filling Filling-mature
ii WERE MERR BREREC MR BRERE MR DOEREC MEERR BREXE MERR
Error days  Precision  Error days  Precision  Error days  Precision  Error days  Precision  Error days  Precision
/d 1% /d 1% /d 1% /d 1% /d 1%
1994 2.1 91.4 1.0 97.8 0.6 85.7 1.3 96.3 1.0 96.7
1995 1.2 93.4 0.7 98.7 0.4 94.9 0.2 99.4 1.5 94.4
1996 1.3 92.1 0.7 98.2 0.6 92.3 0.5 98.4 3.1 90.6
1997 1.1 96.2 35 90.4 0.4 96.4 0.0 100.0 7.0 79.5
1998 0.4 97.7 6.3 86.4 1.2 87.0 1.6 95.5 1.3 95.7
1999 23 89.3 0.2 99.5 0.3 95.9 0.8 98.3 1.0 95.7
2000 0.4 96.8 2.4 93.8 0.6 86.0 2.5 93.5 2.1 94.6
2001 0.2 98.9 0.8 97.8 0.2 99.0 0.9 96.2 1.4 96.1
2002 0.9 93.0 1.9 95.8 0.3 94.4 1.9 94.4 0.7 97.7
2003 3.4 83.6 1.1 97.3 0.1 98.5 3.1 92.9 2.0 92.4
2004 1.0 95.1 0.7 98.3 0.1 98.9 2.3 93.8 1.4 95.3
2005 2.2 85.5 0.0 100.0 0.4 96.5 0.8 97.5 0.2 99.3
2006 0.9 95.9 2.1 95.0 2.2 81.5 0.1 99.6 0.5 98.1
2007 0.6 96.7 0.8 98.2 0.5 94.3 1.6 95.2 1.8 93.7
2008 0.3 98.3 3.9 92.3 0.9 91.4 1.6 94.9 42 81.6
2009 1.4 94.9 2.3 94.8 0.3 95.6 1.1 96.7 2.3 91.2
2010 1.8 86.1 1.2 96.8 0.5 94.1 1.6 95.6 1.9 92.9
2011 2.6 86.1 1.9 95.2 0.7 82.1 0.9 97.4 22 91.0
2012 2.9 83.7 2.6 92.8 0.2 95.9 1.2 96.8 2.0 92.3
45 Average 1.4 92.4 1.8 95.8 0.5 92.7 1.3 96.4 2.0 93.1
®6 2013-2015 F A RX HFMHFERYAMRELR
Table 6 Test of soybean growth period forecasting from 2013 to 2015
RZEH SRR AL BUEERES PN i 2 X iR 22 KA HERf R
Growth stage Actual lasting days /d Prediction lasting days /d Absolute error days /d Precision /%
HBl— e
Sowing-scedling 16 16.4 0.4 97.7
i — A
Seedling—branching 3 36 20 943
IR —ITHE
Branching—flowing 2 1 02 %
TP — B0k
Flowing—filling 33 35.2 22 91.2
OB — P
26 30 4.0 86.8

Filling-mature

tfalAE s A oA 2 6 A BA) AR RIN 7 A L aIF
LRI TR B S TR (1 210 H 2 b4, TR ]
911 H 511220 B rha), Bk 6]y 21 H 521 2
30531 H o ™A, B EA FH 1 H) . K104
ARG 1981-2012 4S5 1 B8 805 X5 g B A
FASEAIHT 5 VA% Bl 2 M A 4R ) A 255 15 R 4R
B, #4545 T R AR B B Y [ A A

R AT RS sl SR (7)o X R AH R R S
ZIZRA 0 H TR, Y W TR TS . 4R,
TS 3k B R R U O AR A 1 0. 05 BAR KL,
Hop—2 D) E AR O AE 0. 01 BAS K, HA
2 R GETTRE S, RT R BR OK T s {H R
BERT 0] B TR R A 1 R AR R A K

2.2.2 FERBAAALI  FHE SRR
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®8 19942012 EXERFFREIRKEIEFHERE/ %
Table 8 Accuracy rate of return test of soybean yield from 1994 to 2012

A& JAUIH 7A21H 8H1H 8HI11H 8H21H 9AI1H 9H 11 H S

Stations July 11 July21l  August1 August 11 August21 September 1 September 11 Average
ER{EFF Orogen - - 88.3 88.9 90.1 89.9 89.3
BTZEHE Arun Banner - 89 89.4 88.9 89.8 89.8 89.7 89.4
RAB4H Sauren - 84.7 85 85.9 84.2 84.3 84.9
FZE H e Horgin Left Wing Middle Banner 86.4 86.4 86.2 86.3 86.9 87.3 87.3 86.7
145 HF i Horgin Right Wing Middle Banner - 84.7 84.1 83.2 82.6 - - 83.7
TF Kailu - - - - 93.5 93.6 93.6
FLEF7IE Jarud Banner - - 85.2 85.7 - -
HCDUHE Aohan Banner - - 76.3 77.9 100 77.7 83
F4F4F Ongniud - - - - 82 82 82
EUAKZE M Bairin Left Banner 86.5 85.6 85.6 86.1 87.4 87.5 87.4 86.6
B =" RO R A AT 0.05 B MR T
Note: “~"represent correlation of prediction model not significant

B %F 19942012 4F & AR 25 K o= =t i 47 B
R g5 (32 8) , V- 4 HERE R ¥ 1E 80% LA |, Ky 82%~
93. 6%; FH 2013-2015 4F- $ 4 i 47 TR G 56 9 1155
TR AER 5, AR TR I, B A 30 T S A R (32 9)
TET75.9% ~ 94. 6% , 5hteF Ko FHE T B4 h
TAE L R HE | OB A T 45 ) - 24 M R 24 7E 85%
Ph b 10 Rl - X1 Rl 87. 6%, e FEAS
L5 IR 55 oK o

R 20132015 FAXE BT FHEHE

Table 9 Average accuracy of soybean yield forecasting

from 2013 to 2015
{823 Stations VET R Precision / %

R84 Orogen 94.6
P 2 % Arun Banner 80

KB Sauren 93.3
BlZe 7 Horgin Left Wing Middle Banner 89.1
1477 Horgin Right Wing Middle Banner 88.8
FF4 Kailu 75.9
FLE ) Jarud Banner 93.2
FILE Aohan Banner 85.9
44 Ongniud 82.8
[ bR Z2 i Bairin Left Banner 91.9

3 &gt

TE XM R B AR LG N R AT 70
IO SN VAR S e PSTREN S OPNCY S = F Uk Sy
S R BT AR XA R ) AR SO AT R
A5 H B B 62 RO (E -5 00 I 5 A 35 A
K, PR AA 5 552 P WL B 40075 e B8 e, R SEAE
— A o X R 2 R B S R A RS, o

BB WA IRZIARTE 2 d LA R R 1 90%
DAL e R A AU B =i (0. 2 d) o

FEVT B DI AR S A B R A AL It I, ST T L
)R RUBE (1A R W 7= i s 25 TS AR, i i A 7 1 30
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