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Abstract: Agrometeorological indicator of crop drought grade is the scientific basis for crop drought

x i E ARG R R AR AL & 5 (CCSF201606) | B A4 R #% 0l 95 & & & B (CMAHX20160205) fl B R VL4 <4 R E 4 5 H
(HQZD2015002) 3k [7] %% Bf
2016 4E 11 H 24 HULHs; 20174 8 A 7 HUWIE &R
B—EE EFIF, FENFE RGNS FHIE TAE. Email: ge-2003@163. com



5113 25 5 A PR TR R T 5 A5 AR A A 2R b DX Y 3 T P A 1421

monitoring, early warning and assessment, and its applicability is related to the quality of agricultural me-
teorological service and the effect of disaster prevention and mitigation. By using daily meteorological data,
soil relative moisture data, spring maize growth and development observation data and maize yield data in
1981—2012 from 31 spring maize representative stations in Northeast China, the application effect of soil
moistrue and water deficit index indicators for spring maize drought grade are tested, and their applicability
differences are compared. By using the data from 2013 to 2016 in Heilongjiang Province, an example is an-
alyzed. The results show that the soil moisture indicator and the water deficit index indicator are suitable
for determining spring maize drought grades in different growth stages in Northeast China and they have
good consistency. The same proportion of the two sets of indicators to determine the drought grade of sp-
ing maize is about 75%. The same and basically same proportion is about 95%. Identification effect of the
two sets of indicators are good on the historic and recent maize drought events, the accuracy of drought
identification by soil moisture indicator and water deficit index are above 80% and 75% respectively, and
the identification effect of soil moisture indicator is better. The suitability of the two sets of indicators in
early and mid stage is slightly better than that in later stage. The application effect in three provinces in
Northeast China is better than that in East of Inner Mongolia. In some drought years, the drought grade
determined by water deficit index is higher, so when the results determined by the two sets of indicators
are different, it should be based on the results of the soil relative moisture indicator.

Key words: Northeast China, spring maize, drought identification, soil relative moisture indicator, crop

water deficit index, effect test
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Table 1 Drought indexes of spring maize based on soil relative moisture (unit: %)
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Table 2 Same as Table 1, but based on water deficit index
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Table 3 Accuracy of defining spring maize drought grade with soil moisture and crop water deficit

index indicators in different growth stages in the representative counties/cities (unit; % )
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Table 4 Correlation between soil relative moisture and crop water deficit index

in the representative counties/cities

H i 44 FEAEL TIER BRIl Y B dh B LB R
B 18 Bt —0.7696*  —0.5620%  —0.7426%  —0.8479*  —0.9098*

Je i 32 B+ —0.6185"  —0.7192*  —0.8526**  —0.8566*  —0.,7744*

"k 32 b+ —0.8866"  —0.6318™  —0.9263*  —0.9526"  —0.9069"
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mE 32 1 —0.7749"  —0.6316"  —0.7426**  —0.7192"  —0.6552"

AR S 24 i+ —0.7610"  —0.4599*  —0.6636*  —0.8119"  —0.6523*

E 30 Bt —0.6050"  —0.6329*  —0.7994*  —0.7984**  —0.8508"

He 31 %+ —0.8726*  —0.7606*  —0.9187*  —0.8676*  —0.8456*

3% 31 i+ —0.8740"  —0.6046"  —0.7649**  —0.7707"  —0.8689"

K 23 B+ —0.7463*  —0.6964"  —0.8019*  —0.7994*  —0.6885"

R 27 B+ —0.8713*  —0.7167*  —0.9407*  —0.8052**  —0.8006 "

K 32 Fit —0.7113*  —0.6602*  —0.8068*  —0.8522*  —0.8019*

bk qe 2 29 1+ —0.8898*  —0.7820"  —0.7071*  —0.8432"  —0.7014"
i b 28 it —0.8749*  —0.62427*  —0.6921*  —0.7994*  —0.8142*

ALt 29 #it —0.8509"  —0.6841*  —0.8491*  —0.8689*  —0.6364*

NEN (3 21 et —0.7450™  —0.5675*  —0.7912*  —0.6603**  —0.8006""

Al 21 i+ —0.5466" —0.4394*  —0.5797*  —0.6148"  —0.6488*

B &l 18 it —0.8196*  —0.6731*  —0.7723* —0.725* —0. 6261

5 FH 25 1+ —0. 6580 —0.6516* —0.7720* —0. 8707 —0.7725*

R 32 1+ —0.7078"  —0.6436"  —0.6294**  —0.6602"  —0,7790"

o g 32 e+ —0.8212"*  —0.6704"  —0.6349"  —0.6427"*  —0.6641*
JE 23 B+ —0.6738*  —0.5532*  —0.8758*  —0.7470*  —0.7470*

T A 15 %+ —0.6496*  —0.6678*  —0.8701*  —0.7836*  —0.7849*

T3 Ik 14 B+ —0.7629* —0.6309" —0.6826"  —0.8198"  —0.6907*

liE=y 15 B+ —0.8031*  —0.5514*  —0.8337*  —0.8390*  —0.5311"

ET 32 B+ —0.5638*  —0.5572*  —0.7579%  —0.8430* = —0.8417*

L 32 b2 20/ —0.6510"™  —0.5567*  —0.6589*  —0.8753**  —0.8055"

AR Y 4 32 4 —0.5953"  —0.5546*  —0.6449**  —0.8531*  —0.7168*
H7 2k R 30 W+ —0.3922*  —0.4947*  —0.7560*  —0.8503*  —0.7881*

e 32 1 —0.6358"  —0.5442*  —0.7302*  —0.8175*  —0.7063*

o Fllex 3 RIFRIRE R P=0.05 Fl P=0.01 2 ¥RV L.

Note: * and #** denote those having passed the significance test at 0. 05 and 0. 01 levels, respectively.

I 9L 70 I T B B Ol 87,500, 4K
R B2 84, 7Y% il i — L B B 1
84, TV FL A BT 93 1%, KT
AR PR BR H 0 1) 2013—2016 4F B R VLA SRR
BADEEKRSEFT BT 5% R0 IE#f %GR
)RR BB B 730 6%, 4R T By
BOV-34k 86,106 1T —Hh b By BEOF- 348 81, 9%,
il — LA B2 R 73,6 %6 L LB i B BEOF
Bk 88. 9%, £ By BT 555 A E - B HE R R 1y
ANTF A SR AR B R E A5 LR R T Y
BEW R 22 e KL o B (D T R & 9008 I R AR
£ 70%.,

3B Site

(1D FEKRS AT B BRI 5Kk 5
SRR R L A SO O o R P AT R K
O3 SRR B E R AR A T R AR R — B — 2
(¥ FE AT 3K 9500 . AT 5+ G5 S X I B A
KRG 5 AR RO 6 b A 0 T AR G — kL R
=TS R A BB D A5l 3=
PIE SRR I T 52 2 G — BB 22 L N 5t AR T
o T RAFE K I3 5 B BOA)E 19 A S DD

(2) b HERR FE AR bR HE 1 2 R B (D T 57448



5113

25 5 A PR TR R T 5 A5 AR A A 2R b DX Y 3 T P A

1427

100 (a) y=—0.7018x+90.485 100 (b) y=—0.8457x+98.743
g0l R’=0.3826 oL R=0.433
= =
“x 60r b . S 60 - » o*
: . z ¢
S .. S Tt
* e
20 LN 20 F ¢ .
0 L L L L L L 0 L L L L L L
30 40 50 60 70 80 90 100 30 40 50 60 70 80 90 100
R/% R/%
100 (d) y=—1.2615x+131.29 100 (e) y=—0.7281x+90.46
30 - R*=0.5172 g0 L R’=0.4246
< 60 £ 60 ¢ .
g g *
W 40 i 40 PR ¢
20 20 . * ¢
L * *»
0 | | | | | ‘ | 0 | | | | | |
30 40 50 60 70 80 90 100 30 40 50 60 70 80 90 100
R/% R/%
100 (g) y=—1.1705x+121.3 100 (h) y=—0.9196x+105.92
30 - R*=0.7269 30 R*=0.5969
< o0t < 60
L 40+ & 40
20 - 20
0 L L L L L * L 0 L L L L L L
30 40 50 60 70 80 90 100 30 40 50 60 70 80 90 100
R/% R/%
100 G) y=—1.2828x+132.89 100 (k) y=—0.9538x+104.08
g0l R*=0.7337 30 R*=0.7581
< 60t < 60
W 40 W 40
20 F N 20
*
0 L L L L L L 0 L
30 40 50 60 70 80 90 100 30 40 50 60 70 80 90 100
R/% R/%
100 (m) y=—1.1781x+132.04 100 (n) y=—0.7728x+98.92
g0 - R*=0.5997 30 . R’=0.5968
< o0f < 60
o 40T & 40
20 20
L L L L L L 0 L L L L L L
30 40 50 60 70 80 90 100 30 40 50 60 70 80 90 100
R/% R/%
& 2

100 (c) y=—1.2167x+133.11
80 |-
< 60F
M ** *
20 -
0 P P ‘ ‘
30 40 50 60 70 80 90 100
R/%
100 (f) y==0.9816x+119.38
80 L . K=0.43%
*
= & .
< 60F ‘\c\&,‘;‘.\'
z .
) 40 - - :00 3
*
20 -
0 Il Il Il Il Il Il
30 40 50 60 70 80 90 100
R/%
100 (6] y==1.0786x+116.05
80 - ¢ R=0.6517
*
< 60 ¢ %
Mu 40 |-
20 ¢
0 Il Il Il Il Il Il
30 40 50 60 70 80 90 100
R/%
100 1) y=—1.106x+112.35
80 - R=0.7263
< 60r
MU 40 |-
20 -
0 Il Il Il Il Il Il
30 40 50 60 70 80 90 100
R/%
10 (0) y=—1.2044x+121.45
80 - . R*=0.6438
o SO .
S 60r o Kloe
= ‘e
§<U 40 .
20 - -
I I I I k2
30 40 50 60 70 80 90 100

R/%

MAVT VT (ay dy gy j m) VL TFEIBH (b, e, hy k, ) FIHF RIS (e, £, 1, 1, OOFERKAR

AT Y B3 1 SR X (RO SR Y) K 73 5 B8 K (K ewnn) B R ZR
(a~o)ff Bl — B, (d~DME K1, (@~DIER i, G~DiiE—FL#, (m~o)FL#— A

Fig. 2 Relationship of average soil relative humidity and crop water deficit index

in different growth stages of spring maize in Longjiang of Heilongjiang Province (a, d, g, j, m),

Chaoyang of Liaoning Province (b, e, h, k, n) and Changling of Jilin Province (c, f, i, 1, 0)

(a, b, ¢) sowing—emergence, (d, e, {) emergence—jointing, (g, h, i) jointing— tasseling,

(j, k, D tasseling— milking, (m, n, o) milking— maturity
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Table 5 Comparison of determination results of spring maize drought grade by soil moisture

and crop water deficit index indicators in the representative counties/cities (unit: %)

w oy oAb — iy R P — il e drl e —FL A FLRA A
D=0 D=1 D=0 D=1 D=0 D=1 D=0 D=1 D=0 D=1
W 88.9 11.1 88.9 11.1 66. 7 16.7 72.2 16.7 100 0
e 90. 6 9.4 90. 6 9.4 87.5 12.5 78.1 18.8 65. 6 34. 4
7ok 81.3 15.6 87.5 12.5 93.8 6.2 68.8 31.2 81.2 15.6
HX 77.4 22.6 96. 8 3.2 67.7 29.0 61.3 38.7 71.0 22.6
Ly RN Zik 72.2 27.8 88.9 11.1 77.8 22.2 27.8 50. 0 61.1 27.8
m 93.8 6.2 93. 8 6.2 84. 4 12.5 65. 6 31.3 84. 4 15.6
Ve NI 79.2 20. 8 95. 8 4.2 54. 2 20. 8 66. 7 29.2 95. 8 4.2
£ 96. 7 3.3 100 0 70. 0 26.7 76.7 16.7 93.3 6.7
3 78.9 5.3 73.7 10.5 57.9 36. 8 63.2 36.8 84.2 10.5
=P 77.4 19. 4 90. 3 9.7 48. 4 35.5 48. 4 41.9 58.1 32.3
K& 60. 9 34.8 91.3 8.7 39.1 56.5 39.1 52.2 65. 2 26.1
3 I 85. 2 14.8 96. 3 3.7 74.1 22.2 63.0 29.6 66. 7 33.3
K 52.6 31. 6 73.7 21.1 57.9 42.1 47.4 42.1 36. 8 36. 8
A i 7e 96. 6 3.4 96. 6 3.4 44.8 37.9 58.6 34.5 72.4 20. 7
i A 92.9 7.1 100 0 67.9 28.6 67.9 25.0 89.3 7.1
B 89.7 10.3 100 0 62.1 31.0 62.1 31.0 82.8 13.8
N 90. 0 10.0 100 0 65. 0 30. 0 60.0 35.0 85.0 5.0
Fnte 95. 2 4.8 90. 5 9.5 71. 4 23.8 76. 2 14.3 85.7 14.3
B 7 77.8 16.7 100 0 77.8 16.7 77.8 16.7 94. 4 5.6
WIFH 57.9 21.1 78.9 10.5 63. 2 31.6 57.9 36.8 78.9 5.3
E 84. 4 12.5 87.5 12.5 65. 6 21.9 62.5 18.8 71.9 18.8
I 7l 68.8 21.9 87.5 12.5 37.5 53.1 68.8 18.8 81.3 15.6
FE ] 82.6 13.0 100 0 87.0 13.0 78.3 21.7 82.6 17.4
Fe fa) 100 0 86. 7 13.3 86. 7 13.3 93.3 6.7 100 0
T 100 0 78.6 21.4 64.3 28.6 57.1 43.9 85.7 14.3
il 25 100 0 100 0 80.0 20.0 86.7 13.3 86.7 13.3
L2 50. 0 40. 6 65.6 28.1 56. 3 43.8 65.6 31.3 71.9 28.1
. JH L 68.8 21.9 81.3 25.0 37.5 46.9 46. 9 16. 9 53.1 28.1
W%Sﬁ in=3 81.3 15.6 62.5 34. 4 26.7 56. 3 34. 4 28.1 71.9 12.5
A HAFE 76,7 20.0 76.7 16.7 40.0 43.3 73.3 13.3 46.7 33.3
i I 59. 4 28.1 59. 4 31.3 31.3 53.1 34.4 40. 6 37.5 37.5
-1 80. 9 15.2 87.7 10. 6 62.7 30. 6 62.6 29. 4 75.5 18.0

x6 ITEEBEERBEEXTESREFREER
Table 6 Test results of defining spring maize drought grade with soil moisture indicators
i R i M3 LA A
4 2013 2014 2015 2016 EBE%E 2013 2014 2015 2016 EFGK 2013 2014 2015 2016 iR 2013 2014 2015 2016 EBH% 2013 2014 2015 2016 EHEK
OOF % O /0 % % % ® ko % % % O /n & £ K & /n £ O &£ £ /K
EA N J J J 100 J J J J 100 J J J * 0 J J X J 75 J J J J 100
ki J J J % 875 J J * J 8Ly J ¥ J 7.5 J J J % 875 J J J 100
/ .0

s

p

TE % 4 % 4 B J J x4 85 J % Jow NN S A O N Y N AN A (i)
HN O 4 4 < 100 NN A A A 11} J VY DY NN AN N % 8y % J 85
737NN AV AV B S /SN ARV BN 87.5 % X 625 % ox J BoX 4 J J B
SN A AV A S Y AN 87.5 x4 8L % 8Ly 100
Al v VN 100 NEEEN, X 4 B NN, X B NEEEN, J o100 NN N N A (]
g% V0V N A /(N AV A Y AN /0 S ANV AN AV NS (1R AV AN Gy SR £ NN Y BN R S 1
L3/ SN SN 1/ TV VAN (N AV A SV AN/ O TV AV ARV A JN. O SN AV AV B .V

Hoe R KRR XA

Note: ~/ :correction, ¥ :half of correction, X :wrong.
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Table 7 Same as Table 6, but for water deficit index

i b5

P — i

3R AR

W% 2013 2014 2015 2016 E@EE 2013 2014 2015 2016 EEHER 2013 2014 2015 2016 E@E 2013 2014 2015 2016 E@GE 2013 2014 2015 2016 F#%

& £ £ £ /hn £ £ £ £ /n £ £

8 Jn 0 OF 5 FE /0 E F O FE /2

E N N N L S % N N N N A (N N
/21N SV A SV A R SR AN VAN ./ A SV AN
E N Jox o J %8s
I S A SN AR 7% TV Y Y VA (1[N N
FkooJ X% 6Ly K 8Ly K
gE 4 Vv X J 0 NV AN A S O TN AN
Al v X 4 T X ¢ 4 4 B NN,
N N N A N AV AN 75 NEEEN
3 N N S 7 RN A S 75 J

JooX oo X s J Y 00
J J 100 J N * X 75 N J J J 100
JooOoXT % % % 605 % 8Ls
N TR /0% TN A" SN SNV A RS NV Y AV A
NS GRS S A £ N L N A A (1)
A 1 0 N A G S S /2% S Y A A SR
J J 100 J J * J 815 J J J J 100
X 75 NEEEN; N NNV | X 75
X 6.5 W Josns ¥ 0B

B BT AR P 1R AR FE 1 2 80 (D & B
Bt R AR AR5 S PR AT - 45 B Be - MR E 48 B
14T 58 G 25 R T K g T R R AR . HLLA
B — B B B 22 de ok . DB (D IR 5 Bk
FERCT 555 0H 8 IR RN 2 6500,
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