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Influence of drought stress on tassel development
characteristics and yield of maize
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Abstract: [Objective] To explore the effects of drought stress on maize tassel development characteristics and
yield, and provide a theoretical basis for drought resistance and yield protection of maize planting in northeast
China. [ Method] In the pot experiment, original soil treatment and adding soil conditioner treatment were set
up. Different drought stress degrees of normal water supply (CK), light drought stress, moderate drought stress,

and severe drought stress were conducted from the big trumpet stage to silking stage of maize, to study the
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effects of different drought stress degrees on maize anthesis-silking interval, tassel morphological and
physiological characteristics and yield. [Result] Drought stress delayed the silking time of the female
inflorscence of maize causing the tasseling and, silking of the maize to be asynchronous, most seriously under
severe drought stress. Compared with CK, the anthesis-silking interval in the original soil and adding soil
conditioner treatments was extended by 6.33 and 4.67 d, respectively. Different drought stress degrees decreased
the maize size and spindle length. Light drought stress was conducive to the accumulation of dry matter in the
maize tassels, and compared with CK, the tassel dry matter in the original soil treatment and the adding soil
conditioner treatment increased by 5.18% and 14.87%, respectively. Drought stress prompted the tassels to
secrete antioxidant system enzymes and osmotic adjustment substances to resist adversity damage. However,
under severe drought stress, too much malondialdehyde (MDA) and harmful substances were produced in the
tassel, which caused the activity of the antioxidant system enzyme to decrease. Drought stress caused a serious
decline in maize yield. Under severe drought stress, the maize yield in the original soil treatment decreased by
62.39% compared with CK, and the yield in the adding soil conditioner treatment decreased by 57.77%.

[ Conclusion] Drought stress seriously affects the development and yield of maize tassels, especially under
severe drought stress, which causes irreversible damage to the tassels. The application of soil conditioner can

improve the stress resistance of maize tassels to a certain extent, thereby ensuring the normal growth and

development of maize tassels and yield.
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31.44 mg/kg, R 7.23 mg/ke, HBEH 88.76 mg/kg.
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Table 1 Basic data of soil moisture in two soil treatments

T IgELb A FKE% FH () 357K 2/ % LRI K 2% A /(g-em™) FERE%
Soil treatment Water content  Field water capacity ~ Saturated water content ~ Bulk density =~ Wilting coefficient
J5i 3.55+0.04 17.53+£0.22 35.33+£0.95 1.47+0.04 8.83+0.08
Original soil
AN AT R 7.72+0.12 23.19+0.28 40.81+0.24 1.48+0.12 7.22+0.11

Adding soil conditioner
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CK: Normal water supply, LD: Light drought stress, MD: Moderate
drought stress, SD: Severe drought stress; Different lowercase letters on the
columns of different drought stress degrees in the same soil treatment
indicate significant differences (P<0.05, Duncan’s method)
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Fig.1 Effects of drought stress on maize tasseling-silking
interval
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Table 2 Effects of drought stress on morphological characteristics of maize tassels

- IgeAb 3 T-5 i K/Mem FH/em Ak /mm This/g
Soil treatment Drought stress Size Spindle length Spindle thickness Dry weight
JR -+ CK 202.4749.41a 43.80+1.50a 7.73+0.11a 4.76:079
Original soil LD 167.60:£18.49ab 42.77+4.20ab 6.67+0.10ab 5.02+0.43a
MD 127.83+32.04bc 40.83+0.76ab 5.33+0.12bc 4.02:£0.96ab
SD 99.70£22.25¢ 38.70+0.75b 3.67+0.06¢ 2.98+0.71b
A hn e R CK 213.40+11.84a 44.17+2.84a 8.33+0.082 4.75+0.88ab
Adding soil conditioner LD 178.73+7.92b 43.17+1.26ab 7.33+0.06ab 5.58+0.80a
MD 150.204+20.19¢ 41.87+3.46ab 6.10+0.07bc 4.20£0.92ab
SD 108.67+3.18d 39.17+1.26b 5.17+0.08¢ 3.44+0.69b

1) CK: EE% 4K, LD: 2 B F-F it , MD: ¥ BT Fihit, SD: BT F it ; M F 1IE L HE 5| B BB G RE DB FHE

TR B T i A2 E ) £ 5F 2 & (P<0.05, Duncan’si%)

1) CK: Normal water supply, LD: Light drought stress, MD: Moderate drought stress, SD: Severe drought stress; Different

lowercase letters in the same column of the same soil treatment indicate significant differences among different drought stress

degrees (P<0.05, Duncan’s method)

B o - 5 Pl e 48 o, AN [R) 3 A B ) K
HERET-4) 1 B 38 R IS B 0 5 PR ka3 . 1
e nT ik FOR IR R0, T AR BRI
TP CK AH LGN T 5.18%, ¥WIN HIRK R
AL FE B HERR TP B G 0 T 14.87%; [A] CK f 4%
P B W ia AL BRAH bL, H R R EE T SR )
T &3 BT B, For s g8 ok ) R AL 3E 1
HERETY) AR R A AT A E Y
2.3 FEMEX EREFEEBF I
2.3.1 FFmibst 2 REREMN R LI EER
MDA 4&#h%w K 2A Fias, 7615 % Btk 444
T, 2 F 3 b B IR SOD vEMERIA T 1000 U-g s
HERR ) SOD i 1 AE B 52 JH i B ok B U, B
TR iafEE AN R, JH BRI IS R
7 Ab FE B e AR SOD 3 14 ] CKAH B 43 il 386 i 1
35.32% FH 41.57%; {EH FLT 5 g i, 2 Fp 3% b
FR )RR SOD V£ T I 25 CK Ab B g 14
FH 24 7K, A 398 o BRI AL 3 A ) SOD 3 K
IH % v, B PE 1 199.83 U-g', [A CK AL T
7 14.26%.

Wil 2B, 2C fiian, FKHERER CAT 1 POD

WEERZ T R B3, S H AT T R e ik
FIEAE, EEET R Er G . R ETR
Py A, B A A ERT S 0 3 B R AR EE ) CAT
W AL CK THE T 66.61% LA 69.39%; (£ &
FE T hia e, SR - AL F R CAT 35 14 T B IR
RO, B CK MBS A M 1K, BRI
o 9 05 1R ) Ak B ) I R M A BT AR, (R
IA AL T8 7K, [/ CK AHEEISG N 1 21.22%. HERE
POD i PE AR {34 [F] CAT b dh 3 A — 5,
TEIEH K ZAF R, 2 Fh LA HERE Y POD V5
ZERAN R fER T R e ey, J5 A 38 A
POD ({15 W /K T HAK, 7 CK AT T 36.67%,
T 0 = 3 2 R AU AL B POD 9 43 4 7K - U ¢
[f] CK A#HLETH & T 60.71%; 7894 1 R A, R
+ A H ) POD S MK B A, BTG A B
1845.17 U-g ', EEOR 438 50 1R 771 Ak 38 g 12k 44K TH
B, B WK H BT % fEEE T R 4T,
2 T Kb 3 e A ) T PR 350 A BT R B

W& 2D fros, HEREK) MDA & & &5 T 5
o 1R P 388 o i A v, A T R e
LB o 76 IE T KSR T, 2 Fb 48 Ab 3 A A



30 HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx)

43 %

Ji Ak #E Original soil

1800 o .
o 1600t ab a
S 1400} ab I be
#H 51200 b I b
g I
Z 2100} o
o ®
= 5 s00f
o)
3 600f
N
400
E
s 200}
0
2 -
500 .
ab a
W 2000} I b
§ 2 b b
= Ss0r
s c I
% a) | :[
= 21000
i_g =9
E 500 |
0
CK LD MD SD
T5 e

Drought stress

m 73003805 )55 Adding soil conditioner

700r g
600 -
500 -
400 |

a
a a
: !
b
C
3m-1 :
200}
100
0

140 ¢

BEEE/(U-g ™)

=
CAT activity

k¥4

120 | a

IS
0

100

0l Ibc
60 |
40
20+

jFEFUJL_

Drought stress

A B i/ (pmol-g ™)
MDA content

S

SD

CK: IEF 7K, LD: BT TPl MD: B 58, SD: A FHMA s H/) & ohoH ] 3340 B[R] - R E R AL T B RVANG T B R 72

3 (P<0.05, Duncan’s i%)

CK: Normal water supply, LD: Light drought stress, MD: Moderate drought stress, SD: Severe drought stress; Different lowercase letters on the columns of
different drought stress degrees in the same soil treatment in each figure indicate significant differences (P<0.05, Duncan’s method)
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Fig.2 Effects of drought stress on antioxidant system enzyme activities and MDA content in maize tassels
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CK: Normal water supply, LD: Light drought stress, MD: Moderate drought stress, SD: Severe drought stress; Different lowercase letters on the columns of
different drought stress degrees in the same soil treatment in each figure indicate significant differences (P<0.05, Duncan’s method)
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Fig. 3 Effects of drought stress on the content of osmotic adjustment substances in maize tassels
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Table 3 Effects of drought stress on maize yield characteristics

AT FREE Hkem  AkKem  Hem % TREC ERRRe e
Soil Drought Spike Bald tip Spike Row Row grain 100-grain Yield per
treatment stress length length thickness number number weight plant
JR A CK 16.17€1.53a  0.37£0.32¢  2.47£0.35a  18.67+2.3la  25.67+3.79a  37.924£0.76a 134.62+5.60a
Original soil 1 140040.50b  0.876032bc  2.13£0.23ab  17.33£2.83ab 2233+321b  34.79£0.90b 110.66+5.55b
MD 11.17¢1.61c  1.60+0.4ab 1.93+£0.12bc  11.30+£5.03bc  15.00+£2.00c  30.82+1.28c  76.28+2.95¢
SD 7.17£0.76¢  2.10£0.79a  1.50+0.2¢ 9.33£3.79¢  5.67£2.52¢  27.77£1.15d  50.63+2.90d
FUSIIR e 5 CK 16.33£0.29a  0.17#0.29c  2.73£0.25a  19.33+6.73a  29.33+2.08a  40.56+1.32a 163.14+5.04a
Rl LD 14.834£0.58b  0.63+0.25bc  2.33#£0.15a  17.33£1.00a  27.00+2.00b  39.09+£1.90a 117.47+5.83b
Adding soil
conditioner MD 13.5040.5¢  0.90£0.46ab  2.03+£0.06b  14.67+1.91b  23.67+3.21bc 35.12+2.51b  100.56+5.38¢c
SD 10.67+0.58d  1.50+0.40a 1.77£0.06c  12.00+1.91c  12.33+3.06c  31.31£1.47c  68.89+0.53d

1) CK: SEF 4K, LD: 2 F T F i, MD: ¥ & F it SD: & & F F it ; 48R LA IR 5 B 6 9 R R B FH &

TR B T i A2 R £ 5 2 & (P<0.05, Duncan’si%)

1) CK: Normal water supply, LD: Light drought stress, MD: Moderate drought stress, SD: Severe drought stress; Different

lowercase letters in the same column of the same soil treatment indicate significant differences among different drought stress

degrees (P<0.05, Duncan’s method)
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Table 4 Correlation analysis between tasseling-silking interval and output composition of maize
N e 2 ()5 FHRK 1T AT RLEL [ER A
Trait Anthesis-silking interval Bald tip length Row number Row grain number 100-grain weight
FE4 K Bald tip length 0.968*
17# Row number —0.956** —0.980%*
7RI % Row grain number —0.947%* —0.973%* 0.947%%
T HLJT & 100-grain weight —0.925%* —0.967%* 0.940%* 0.950%*
HLpR™ & Yield per plant —0.975** —0.980** 0.964** 0.949%* 0.935%*

1) “*7 Fao “*x” 53| R 7 £ P<0.0542P<0.01/K-F B %48 % (Pearsonix)

1) “xr and Tl

TR TR R K — W Bk, TR bk 22
[RIkG S5 EAE BT AR,

3 Wit

PRI FOR BERR A 1 R 8 1) E B 1, 2 X
K 53 75 SR B BUBR BRI B 3, 5 7 LGB 7K 435 s IS R
T HERE IR AR DL R G RE 9B IR AR BRI R
WF LRI : T 5 iE 5 8RR MR 32 S B L HH
A oy A AN R R BE /D, B PR REFERE 5
o L PS5 0 T S K, X 5 B AT IR e SR
R &1 T REFTEET R R, oT{E
BRI E TR Wa AR5 S0 K S 22 A fg 3
K, Bl AR R 22 R [R5, S 8 R oK R A
AR R™ HE R o 38 I R K 24 [ b S
BT R it 22 1 g 5 ok B R
W 235 M O%, X5 E ZHE SR [ E T 45 SR AN
feho ASHIF FUIE R I ite FH 3 250 R A AT DAYE — e P2
b ER A R AROK BE T, kN T R e X K
FE R T A2, ) J - Kb B AR B, L e AR
AR e e ke 22 () B DA K% 77 B 52 1 5 W 52 v A X
BN,

ETREUET, BRAMERAKIE R — & 2 E R
SR KBTS T, IR H AR il A
P AL, SRR, 724 KR MDA, KiE
(10375 P SR MDA 2 o575 200 it FEE 1) 97 ) P R 3 i
P, A& S EE M 45 A Th e R AL 0 . XAt
JEE (45473 2 A R ORI P 38 A I LR A R G Bl (n
SOD. POD F CAT) K3 Frix F g 4E 22, AHf
FER I B T 5 W 30 R L 0, 2 Fof 4 398 b T e s
M) SOD. POD 1 CAT i 13 2 3L E TH 5 B
FE 3, GG T AR 5 5208 R OK AR BRI AL 0 B
F b, SRR R R RE R EE TR
T T AR A 3 i — e A, IR R
Te v Ik 5 W 3k TR TV R o A AR P P AR

indicate significant correlations at P<0.05 and P<0.01 respeectively (Pearson method)
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