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Abstract: [Objective]This study was aimed to determine the suitable range and the drought stress thresholds of soil water on
summer maize in Shandong Province, and to evaluate the effects of different drought degrees on growth and development and yield
formation of summer maize quantitatively. So as to provide a basis for improving the utilization efficiency of agricultural water
resources and alleviating the adverse impacts of drought stress. [Method] Based on the data from field experiments, the suitable
and unsuitable ranges of soil moisture were determined for the seedling stage, ear stage and grain stage of summer maize. By the
model of WOFOST, the drought stress thresholds were analyzed with the relative water content as the driving factor. And the
drought effects were assessed quantitatively through different drought degrees and their duration days. [Result] (1) The suitable
ranges of soil water during seedling stage, ear stage and grain stage of summer maize were 62%-91%, 66%-92% and 68%-94%,
respectively. And the unsuitable ranges were less than 62%, 66% and 68%, respectively. (2) The thresholds of no drought, light
drought, medium drought and severe drought during seedling stage were 53%, 50%, 45% and 40%, respectively. The thresholds of
different drought degrees during ear stage were 58%, 48%, 43% and 37%, respectively. The thresholds of different drought degrees
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during grain stage were 57%, 52%, 49% and 45%, respectively. (3) The drought happened during seedling stage had the greatest

effects on the total leaf weight, total stem weight and maximum leaf area index. The drought happened during ear stage and grain

stage had the greatest effects on the total ear weight. And the severe drought during ear stage would result in the failure of final

yield formation. [ Conclusion] The suitable ranges of soil water and the drought thresholds of summer maize were brought to light

in Shandong. The drought happened during ear stage and grain stage of summer maize had more significant impacts on yield

formation.
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Table 1 The design of soil moisture control of experiment plot in different years
A A E I Qb FHE Treatment
Year Growth stage 1 ™ ™ Ta Ts
2013 T Seedling stage >60% >60% 40%-60% >60% H 2R A Natural state
F43Y) Ear stage >60% >60% >60% >60% H4RIRA Natural state
1€ ki ] Grain stage <40% 40%-60% 40%-60% >60% H2XIRA Natural state
2014 7739 Seedling stage <40% 40%-60% 40%-60% 60%-80% >80%
U Ear stage >60% >60% 40%-60% 60%-80% >80%
1eHi3Y] Grain stage >60% >60% >60% 60%-80% >80%
2015 T3] Seedling stage >60% >60% >60% 60%-80% >80%
T3] Ear stage <40% 40%-60% 40%-60% 60%-80% >80%
ek Grain stage >60% >60% 40%-60% 60%-80% >80%
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Fig. 2 The relationship between dry matter weight and soil relative humidity at ear stage of summer maize in 2014 and 2015
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Fig. 3 The relationship between dry matter weight and soil relative humidity at grain stage of summer maize in 2013 and 2015
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Table 2 The threshold range of soil relative humidity of suitable

and unsuitable degree at different development stages
of summer maize in 2013, 2014 and 2015 respectively

=2

(%)
A I3 EGY B ANIEE
Growth stage Year Suitable threshold Unsuitable threshold
Fij 4 2013 62-93 <62
Seedling stage 2014 6191 <61
V) {1 96 [ 62-91 <62
Threshold range
i 2014 66-95 <66
Ear stage 2015 64-92 <64
V) {1 96 [ 66-92 <66
Threshold range
TER I 2013 64-95 <64
Grain stage 2015 68-94 <68
V) {1 96 [ 68-94 <68

Threshold range

AL - SR R B PR AR A 5 RS 98 22 A4k,
RO RN, B H ORI R B, R
LR BAEIRFR D 5 53%. 50%. 45%L5 40%,
AR T S BAEIR R 50 58%. 48%. 43% 5
37%, ek R R B AE AR 2 A 57% 52%-
49%5 45% (£ 3) .

*3 EERFRLAEHTEREERHE
Table 3 The drought threshold indexes at different development
stages of summer maize (%)

AH I TR i Fi b
Growth stage Degree of drought Threshold indexes
L] JG 5 No drought 53
Seedling st:
cecling stage %5 Light drought 50
17 Medium drought 45
T 5 Severe drought 40
HHA T No drought 58
Ear st:
A slage 1% Light drought 48
i £ Medium drought 43
H 5 Severe drought 37
e &% No drought 57
Grain stage
1% 5L Light drought 52
1 # Medium drought 49
i 17 Severe drought 45
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Table 4 The determination of seedling stage, ear stage and
grain stage of summer maize (Day of year)

HEH I H 3 X 18]
Growth period Interval of day of year
11 Seedling stage 177-196
F44 Ear stage 214-233
ek Grain stage 243-262
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Fig. 4 The relationship between yield reduction and unit

change of soil relative humidity at seedling stage,

ear stage and grain stage of summer maize
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Table 5 The variation degree of each index of light drought, medium drought and severe drought with different duration days at
seedling stage of summer maize (%)

TR TR RRLLI ] TAGP TWSO TWLV TWST MAXLAI
Drought degree Duration days of drought
R 3d 32 2.9 3.9 37 3.0
Light drought 5d 3.7 29 57 5.1 44
10d 45 2.7 8.6 17 -6.9
15d -6.1 2.7 -13.8 122 -11.3
20d 8.5 3.0 -20.7 -18.4 -17.6
rh 3d -1.7 0.1 5.7 4.8 3.9
Medium dronght 5d 3.0 0.0 9.6 82 72
10d 5.9 0.5 -17.7 -15.3 -14.5
15d -10.4 22 285 25.1 247
20d -17.0 -6.1 -40.8 -36.6 371
ER 3d 2.4 0.0 -7.8 -6.7 5.5
Severe drought 5d 45 0.2 -14.1 12,1 111
10d -10.0 -1.9 276 243 239
15d -18.7 72 436 -39.2 -39.7
20d 318 -18.8 -60.1 -55.3 -56.8

R TAGP. TWSO. TWLV. TWST. MAXLAI 73 %ML RIS T, SARE, M E, W25 RA AR, FH
The abbreviation of TAGP, TWSO, TWLV, TWST and MAXLALI represent the total above ground production, total dry weight of storage organs, total dry
weight of leaves, total dry weight of stems and maximum leaf area index, respectively. The same as below

*6 BHRESHEARFERMMSERENLEE
Table 6 The variation degree of each index of light drought and medium drought with different duration days at ear stage of
summer maize (%)

TR TR RRLLI ] TAGP TWSO TWLV TWST MAXLAI

Drought degree Duration days of drought

R 3d -1.1 -0.1 3.0 2.8 2.7

Light drought 5d 2.1 203 5.7 54 52
10d 4.1 25 7.6 -7.0 7.6
15d 5.9 4.9 8.1 7.6 92
20d 6.7 6.0 8.2 7.8 9.9

rh 3d 2.4 -0.4 6.7 -6.2 -6.1

Medium dronght 5d 5.1 13 -13.1 123 134
10d -10.6 6.6 -192 -18.1 23.0
15d -14.8 -12.3 -20.3 -19.3 276
20d -17.1 -15.5 -20.7 -19.9 29.6

KT RAVRINE R RS ESEARFFERECT, LA e, Hodh TAGP WRAE 1.6%—2.9%; TWLV
HERS KK IR 85 R EW], BiEE 5 MAXLAL AL : TWST 6l 4 0.5%—0.7%: TWSO
BRPEERBUMIGIN, S Fabn BRI A kR, o PIRAT 2.3%—4.1%. R LR BN N, #45
TAGP JRIETE 0.7%—0.9%; TWLV 5 MAXLAI ¥4 FR¥IRIAN IR, ot TAGP WIETE 2.8%—7.8%:;
tk: TWST JIE A 0.2%—0.3%; TWSO IR 1.1%—  TWLV JRIEAHN 0.1%; TWST JlEHN 0.8%—1.6%:
1.3%. [FIFE, BEE S RFRERBE N, #abs¥R MAXLAI Bk TWSO JkilE{E 4.0%—11.3%.
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Table 7 The variation degree of each index of light drought, medium drought and severe drought with different duration days at

grain stage of summer maize (%)

TR T A HE AL A TAGP TWSO TWLV TWST MAXLAI
Drought degree ~ Duration days of drought
RR 3d 0.7 -1.1 0.0 0.2 0.0
Light drought 5d 0.9 13 0.0 .03 0.0
10d -0.9 -13 0.0 03 0.0
15d -0.9 -13 0.0 03 0.0
20d -0.9 -13 0.0 03 0.0
5 3d -1.6 23 0.0 0.5 0.0
Medium drought 5d 2.1 3.0 0.0 -0.6 0.0
10d 2.4 35 0.0 0.7 0.0
15d 2.8 -4.0 0.0 0.7 0.0
20d 2.9 4.1 0.0 0.7 0.0
HE 3d 2.8 -4.0 -0.1 -0.8 0.0
Severe drought 5d 4.0 5.8 0.1 12 0.0
10d 5.4 7.8 0.1 -1.4 0.0
15d -6.8 9.8 0.1 -1.6 0.0
20d 7.8 -113 0.1 -1.6 0.0
gk, BT RENE KO E, DEESRA T 70%HT, Jefr it SRR R A ad R Y, IX

T ARFR B M s K, RS AR T R SRR
Wi K,  FLEE 598 3 80N RE Y it 28 7= 1
3 itig

- SR G A O A AN T R R AR 2
—, FLAZRA R L3R R R 2 K SRR R
W B, ZEMER AR AL TR AR IR
KPR E T NN, AR B RS
T L A R RbR . —, BR TN R4
A I K A I T AR Ak R K B
(SPD) M1 VEM/K 4y 5 45 % (CWDD WV fl -+
PP, A BT EOW, T T TR
LS AR KNS ENE.

FHOCHIF FUAE B 45 AR I, DL S ) e
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