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Physiological response mechanism of summer maize seedlings
to drought-rewatering of different durations
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(1. Key Laboratory of Agricultural Water and Soil Engineering, Minisiry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China;
2. Institute of Water-Saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: To investigate the physiological regulation mechanism of summer maize seedlings under drought-re-
watering conditions, this experiment adopted a method of barrel planting by using three water stress treatments ; nor-
mal treatment 75% ~85% of 6,( 6, is field moisture capacity) (CK), mild (W,) at 60% ~70% of 6,, moderate
(W,) at 50% ~60% of 6,, and three stress durations: 7 days (T,), 10 days (T,), and 13 days (T,). Osmotic
adjustment substances, antioxidant enzymes and photosynthetic indexes in leaves of summer maize seedlings during
stress and rewatering were determined. The results showed that under mild and moderate stresses, the content of
proline (Pro) showed a trend of increasing first and then decreasing. It peaked on the third day and increased by
32.7% and 44.1% , respectively, compared with the normal treatment. After rewatering, the cumulative amount of

10 day stress treatment was higher than that on 7 day stress treatment, but no significant cumulative effect on 13
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day stress treatment. The activity of superoxide dismutase ( SOD) increased first and then decreased during the
stress period, and peaked on the third day, which increased by 22.0% and 12.4%, respectively, compared with
the normal treatment. The activity was enhanced after rewatering, and the activity of 13 day stress treatment was
higher than that of 10 day stress and 7 day stress. The activity of peroxidase (POD) increased first and then de-
creased under mild stress treatment, and peaked on the third day, which was 28.5% higher than that of normal
treatment. But, under moderate stress treatment, POD activity showed a decreasing trend and was lower than
normal treatment, and after rewatering, the enzyme activity returned to normal level. The content of malondialde-
hyde (MDA) increased during the stress period, and the longer the stress duration, the greater the increase was.
Under the 13 day stress treatment, the MDA content under moderate and mild stresses increased by 140% and
281% compared with the normal treatment. After rewatering, the stress was relieved and the MDA content of all
treatment groups returned to normal level. Under mild and moderate stresses, the net photosynthetic rate, stomatal
conductance and transpiration rate of summer maize were 92.5% and 77.7%, 93.9% and 74.3%, 87.9% and
74.5% of normal treatment, respectively, and photosynthesis was restricted. After rewatering, the photosynthesis
compensation effect appeared in the moderate stress treatment, and the photosynthesis indicators were higher than
other treatments.This study indicated that maintaining soil water holding capacity of 50% to 60% in the field for 10
days was more suitable for the growth of the summer maize. After rewatering, it had a significant photosynthesis
compensation effect.

Keywords: summer maize ; seedling stage ; drought-rewatering treatment; stress resistance physiology; photo-
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Fig.1 Variation of maximum temperature and average

temperature in summer maize seedling in July 2018
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Table 1  Statistics of irrigation amount in summer

maize seedling stage

AbFE Treatment T, T, T,
W, 23.08 24.23 24.25
W, 22.87 23.33 21.86
CK 24.83




60

T T XA TS

38 %

P, W, 1 W, 235102 CK AbEEf 1.47 f5F0 1.88
fis, ZJE 2R Kt A K 2 28 im R E S
ZEN A FRERE K G SOD M Y T i ta A Hy
YEI MRS

POD AJ LY SOD F=A: 11 H, 0,3 JF AN H,0,
THERAMEN H,0,, HE 4 AT UL, 0 H POD 6 P 7E
B A —E LT S 3 KA T CK #25
T 28.5%,3 d ZJE{EE MRS I W,H POD i
PEE RS HALT CK KV, S4BT B POD
s SEN AN I EAT Y SRS - Z N = RRER S )]
K WA FEREBOK  POD il 195 PR, KR,
POD iR A [FITE B W, T A B R B Tk A B
T B KES 3 KikF] 567.60 ug « ¢« min~' ZAh,
HABANFRIIEEARE 225 CK ARFRARTR B 7K,

2.3 FTENME-EKFMEEX MDA =2
MDA JZAH ) 20 M AR R A e 2 ) P 2 —
KN]SR S A I R e 2 45 RE i, ti &l S ]
350,038 0~3 d, MDA FEIEANE N3 d 25
Bt It B e RR B AG IR, MDA BRI 7% 7
Wz 3 AR Fa fe)s 1 d kB0, e
T, AL HA ) W, F1 W, AbBRA» 58 CK AbHAY 1.5 %
F12.02 155 (& SA) , TLACBREH A W, F1 W, AbFE 4351
A CK AbFREY 1.47 F5F0 2.2 £5 (& 5B) , T, AL FEZH 1)
W, FI W, AL FEA3 51k CK ALFRAY 2.4 £%F0 3.81 %
(E5C), Bk M2 5% . B/KJE MDA & it il
BFRAR, B 2 5 CK AL BEAR R K, KA
R E AR W, i MDA & & T W, HL b At fi)
A MDA gk v, 200 S g b A 8 oo ™ o

- - 0.014r (O)T,

00147 p 17 oM@y, Lo~
w0012 0 _0.012 » 0012
05 5 3 =
EZ0.010 EZ0.010 £50.010
WS i o I o
o = /s =
£1.£0.008 41.50.008 422 0.008
&2 &2 ® e
-y = &
& ™ 0.006} F70.006} X7 0.006)
b £ =

0.004 - s 0.004 L - - . - s ooo4l o . . . .

S S3 S7 R3 R6 BS S3 S7 SI0 R3 R6 BS S3 S7 SI0 SI3 R3 R6
HUAE B[R] Sampling time HYUFE 5] 1] Sampling time HYFE I (8] Sampling time
—a— W, —>—W, ——CK

. BS JAET;S3: WA 3 d;S7. Wl 7 d;S10: 118 10 d;S13. 11 13 d;R3:. 8K 3 d;R6:5E K 6 d, T,
Note: BS: Before stress; S3: Stress for 3 days; S7: Stress for 7 days; S10: Stress for 10 days; S13: Stress for 13 days; R3: Rehy-
dration for 3 dasy; R6: Rehydration for 6 days. The same below.

2 FEBE-SAMEEXREHHHER(Pro) BN

Fig.2 Effects of drought stress and rewatering on proline content of maize in seedling stage
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Fig.3 Effects of drought stress and rewatering on SOD activities of maize in seedling stage
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Fig.4 Effects of drought stress and rewatering on POD activities of maize in seedling stage
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Fig.6  Effects of drought stress and rewatering on leaf photosynthetic parameters of maize in seedling stage
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Table 2 Correlation of antioxidant system, proline and photosynthetic parameters of summer maize in seedling stage

Bzt A it E AL i [z i 2R HOLE AR ST PR
Index AL SOD POD MDA Pro P, G, T,
L LR SOD 1
LIRS POD 0.046 1
5 [ MDA -0.13 -0.257*" 1
%R Pro 0.329** 0.279* 0.006 1
HOLEHAE P, 0.432% " -0.005 -0.700* * -0.609 " * 1
SHIRE G, 0.538* * -0.083 -0.726* -0.623** 0.927** 1
MR T, 0.507 * * -0.002 -0.744* -0.600" * 0.945" * 0.978" * 1

oo s 0.01 K (AU - i 35426 (P<0.01)

Note; * * indicates significant correlation at P<0.01 level (both sides).
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