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Establishment of Process Rainfall Indices of Soybean Waterlogging in Heilongjiang

Province
YU Lan, YAN Ping, LU Jiajia,JIANG Lixia

(Heilongjiang Province Institute of Meteorological Science, Harbin 150030, China)

Abstract: In order to quantitatively assess damage degree of soybean waterlogging in Heilongjiang province, this paper took
Heilongjiang province as the research area and soybean as the research object. Based on historical data of soybean waterlogging
in long time series, precipitation data of 75 meteorological stations in the study area during 1961 to 2022, and data of soybean
growth period of 27 agricultural meteorological stations from 1980 to 2022, Kolmogorov-Smirnov test and confidence interval
threshold method were used to establish grade indices of process rainfall of waterlogging at the key growth period of soybean in
Heilongjiang province, and the indices were verified by using reserved waterlogging samples. Meanwhile, spatial-temporal
distribution characteristics of soybean waterlogging in the study area were analyzed. The results showed that when rainy days
were within 1-5, the lower rainfall limits of mild, moderate and severe waterlogging were 53, 86 and 111 mm at the stages of
seedling emergence and three true leaves; and 62, 95 and 113 mm at the stages of flowering and podding, respectively. When
rainy days were within 6-7, the lower rainfall limits of mild, moderate and severe waterlogging were 90, 113 and 147 mm at
the stages of seedling emergence and three true leaves; and 97, 119 and 140 mm at the stages of flowering and podding,
respectively. The areas with high average frequency of soybean waterlogging in Heilongjiang province were mainly located in
central , northeastern, southern and part of western regions, and more occurrences were in 1981, 1984, 1985, 1991, 1994,
1998, 2012, 2013, 2017 and 2019. The results of index verification and spatial-temporal distribution characteristics of
soybean waterlogging were in good agreement with historical disaster records. The results were of great significance to safety
production of soybean in Heilongjiang province.
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Table 1 Classification standard of soybean
waterlogging grade
b3 RS U IUE $0

Waterlogging grade Description of historical disaster

Mild Flooded, disaster-affected, partial disaster
rhiE RN W N Vi il
Moderate Inundation, disaster, partial crop failure
i B i Jolk
Severe Total crop failure

BIpTLAE KO3 F kB AR BT E,
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Table 2 Distribution of number of soybean waterlogging samples

i~ ZEHREARL

Number of samples at the stages

Waterlogging grade

of seedling emergence to three true leaves

THE ~ S5 REA L
Number of samples at the stages

of flowering to podding

1-54d 6-~74d 1-54d 6~7d
1 Mild 14 10 22 18
H¥ Moderate 29 34 90 39
HJF Severe 14 17 20 22
A Total 57 61 132 79
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Table 3 Characteristics of process rainfall of soybean waterlogging samples

e BIHEFR Fesk B % 6= 2N F s R ST A P2
Growth period Waterlogging Precipitation Minimum Maximum Average Standard
grade days/d rainfall/mm rainfall/mm rainfall/mm deviation/mm
U ~ =R 2R 1~5 29 114 68 25
Stages of Mild 6~7 53 145 99 31
seedling I 1~5 46 175 91 30
emergence Moderate 6~7 55 270 135 40
to three HE 1~5 90 253 151 42
true leaves Severe 6~7 95 278 172 34
FFAE ~ ZEIEW) L3y 1~5 24 130 77 33
Stages of Mild 6~7 41 203 100 35
flowering R 1~5 52 242 103 31
and podding Moderate 6~7 80 252 133 33
B 1~5 72 254 136 39
Severe 6~7 97 301 166 35
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Table 4 Results of K-S test of process rainfall of soybean waterlogging
IERS Y5030 bEL /A2 ik G i
EEHH R H AL B SR Normal distribution  Uniform distribution  Poisson distribution Exponential distribution
Precipitation Waterlogging
Growth period days/d grade Zft P{E Z{H Pt Z 1t P{H Zft Pt
Zvalue P value Zvalue Pvalue Zvalue P value  Z value P value
W~ = 1~5 2% Mild 0.848  0.468 1.000  0.270 1.196  0.114 1.604  0.012
FH- HEE Moderate 0.786  0.567 1.717  0.005 1.802  0.003 1.957  0.001
Stages of seedling 6~7 I Severe 1.153  0.140  2.320  0.000 1.853  0.002 1.809  0.003
emergence to B Mild 0.486  0.972  0.632  0.819 1.201 0.112 1.313  0.063
three true leaves FE Moderate 0.709  0.696 1.394  0.041 2.284  0.000 1.636  0.009
I Severe 0.687  0.732 1.006  0.263  2.267  0.000  2.203  0.000
TFAE ~ B2F Mild 0.678  0.747  0.551 0.922 1.884  0.002 1.649  0.009
453 1~5 "FEE Moderate 0.849  0.466  2.951 0.000  3.453  0.000  3.129  0.000
Stages of HJY¥ Severe 0.625  0.829 1.415  0.036 1.922  0.001 1.844  0.002
flowering and 52JE Mild 0.761 0.608 1.833  0.002 1.883  0.002 1.548  0.017
podding 6~7 " EF Moderate 0.450  0.987  0.747  0.631 1.220  0.102 1.433  0.033
¥ Severe 0.815  0.519 1.589  0.013 1.773  0.004  2.077  0.000
x5 AREREHAHES2ERFXERWE
Table 5 95% confidence interval of average rainfall of soybean waterlogging samples A mm
T ~ = ECAT S R kX ) FEAE ~ S5 &3 R o o X ]
W A2 Rainfall interval at the stages of seedling Rainfall interval at the stages of
Waterlogging grade emergence and three true leaves flowering and podding
1~54d 6~7d 1~54d 6~7d
BRI Mild 53 ~82 90 ~122 62 ~92 97 ~113
tFJE Moderate 86 ~111 113 ~ 160 95 ~112 119 ~ 163
R Severe 111 ~192 147 ~197 113 ~158 140 ~192
Fk6 BRRIEAXERELENEERER
Table 6 Grade indices of process rainfall of soybean waterlogging in Heilongjiang province AN mm
HE ~ = H M-SR THAE ~ G5 9E S5 R A8 bR

Grade indices at the stages of seedling

Waterlogging grade

emergence and three true leaves

Grade indices at the stages of

flowering and podding

1-54d 6-~74d 1~5d 6~7d
2% Mild 53 ~86 90 ~ 113 62 ~95 97 ~119
1 Moderate 86 ~ 111 113 ~ 147 95 ~113 119 ~ 140
T Severe >111 >147 >113 > 140
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Table 7 Verification of grade indices of soybean waterlogging in Heilongjiang province

T B

Waterlogging

T 92 C T S A L,

Location of historical

i 9riC 8 R A AR

Degree of historical

EARTE R BT 3 R A RO TR

Calculated degree

— 2k

Consistency

period waterlogging waterlogging of waterlogging
1981-07-03 ~08 T B # () HE —
19840720 ~25 FEIR Y () R —%
1985-08-01 ~07 Jedeii A (FEEE) BT —%
1987-07-16 E7Zstni] oAU (I EE) R E —
1987-07-16 ~ 19 () Y () EERTE —5
1988-07-19 ~20 GRS 2R (FRHE) REERTE —3
1988-07-19 ~25 5 H # (FERE) R E —&
1989-07-17 ~23 WO B Y () S ERT A
19940728 ~29 NS E TR () R —F
1998-06-18 ~24 e Yl () R E FEAR—3L
1998-07-01 ~02 Bt R () RS E —5
1999-07-26 ~27 EAAE= Y i (ERE) HREBTH —5
19990726 ~27 L A (FEEE) A —E
2002-07-02 I ZR () REBTE —5
2002-07-28 FErg S Yl () R —%
2003-06-28 sl A (FEE) TR BA—5
2003-07-28 Jegeili AN () R E —
2003-08-18 ~ 19 G E RN () SR —5
2005-06-21 B 2R (FRHE) REERTE —%
2022-06-23 BT L B () R E —&
2.3 REMTHHEHEE 2013 ,2014 2017 F12019 4 Jy 8 e VL4 15t 3 K

FIFH B TTA K G 5 o B AR A, ST A
U 1961—2022 4 I AR5 8 A A B, 22 il R R T
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(AR 0 35 T S R s O 328 I R A 2

WK 2 7 ,1961—2022 4F B8 V148 K o 3 3
R URBUAT AR B 522 5 38 I U 2 T 0 1)
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P BB R 1,33 R 1. 38 1K
1981—1990 4F . 1991—2000 4E35 3 % A YR B0 W 4%
o, 35 gl S BA h 1. 84 R 1. 88 1K
2001—2010 4F¥53 5 A A= YK s 2D | 734 5 0l 35
FRWEH 1. 59 K ;2011—2022 4F 35 % & A OB
S S 380 LR B B KA, V- 34 gk 95 SR EGE
2.20 IR, 1961—2022 4B Ip VA ot F & A IR EUAE
P B 5 1 e sh e, AR A 5 3 RN SRR I
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1994 1998 2012 2013 ,2017 F1 2019 4FFJp y1.45 -
sl T R UCBCERLE 2. 02 WL b 38 KRG TR
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Fig.2 Temporal distribution of soybean waterlogging

frequency in Heilongjiang province
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Fig.3 Average frequency of soybean waterlogging in Heilongjiang province during 1961 — 2022
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