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Effects of Drought and Salt Stress on Seed Germination and
Seedling Growth of Maize Hybrids

Maimaitijiang Tayier!, LAN Haiyan!, WANG Changhai®

(1. Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, School of
Life Science and Technology, Xinjiang University, Urumgi Xingiang 830046, China;
2. Join Hope Seed Co., LTD., Changji Xinjiang 831113, China)

Abstract : The objective of the present study is to clarify the effect of drought and salt on the early growth of seed
and seedling of maize hybrid, which may provide theoretical evidence for maize production. In the present study,
the effects of salt (NaCl) and simulated drought (PEG6000) on seed germination and seedling growth of six maize
hybrids were studied. The results showed that with the increasing of NaCl and PEG concentrations, the germination
and seedling growth indices were reduced, and the inhibitory effect of NaCl on germination and main root length
was stronger than that of PEG. The lower concentration of PEG promoted the growth of main roots of seedlings.
According to seed germination and seedling growth indices, the order of stress tolerance of six maize hybrids were
ranked from stronger to weaker as: XY110>XY47>JYJ03>KWS2564>JSH2468>XY80. In conclusion, drought
or salt stress inhibited maize seed germination and seedling growth to some extent, however, different hybrids
presented diverse sensitivities, our results will provide reference for maize production and development of stress-
resistant varieties in the future.

Key words : Maize; hybrid seed; drought or salt stress; seed germination; seedling growth
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hm??, T2 HBESEEY A KRS | PR N RS, FRETR T 5 AR B X A w2 & A
FR57.5% 24 | T bt TR FP A G AR AR ) =02 =W [RIEE, i ARt st A Al A R A
SO, I IOREARKE T RS ZRT 5 SReRA0Ma , s B, Fk, BT bkt Bk
B AN AR B, R TR X R A P B — e R R P ER | R WA R ok
MR S=mlen | GRS | A B | BANEE | B OV R I, KR FERZ BT R | Sk id i
W R TR HCE 0 B AR s EhE T TR K FARG AN A TE 7 i N R0, I S8 i e As 12l 15
PRI K= R0 PSR K ARl (2258 fh) 35 3B tEARTR, I, ASOR R T8
3PS ZARIEA R XSk A 64 TR A28 it T 175 (R, PEG6000BLHL) | £k (NaCl) JHpif X Ff 15 %
KAt A RS ARTIE , RIS ] K 28 A i S S AR 0 R oK 2 a8 ) A PR A S A 4
1 #RlE5AEZ
1.1 SCIgHR

R E RIS RI N - FrE4T . FES . HE110, JLEI03 ., JLEAR2468 . KWS2564 , 1 i JLEARF AR A

PR FIRME. SRRt L.
x 1 HiRERRMIFE
Tab 1 Characteristics of tested maize hybrids

HASRPAFR ZRSCRfETRR RO RPROERR FpREie TRIE /g AEEWI/R T I

HEAT XY47 S PO £Em 335 125~127 B
B ES0 XY80 A il iR £HEA 278 88~90 ST e et
#FELL0 XY110 S R aNSiA g 249 88~92 BT P
JLEI03 JYJo3 AR kO iE g i) 410 127~129 ZRALFR X
JLER2468 JSH2468 AR R aNIA HH 307 103~105 LI PG R
KWS2564 KWS2564 ZRASFp Sy B 325 126~128 Bt

1.2 LEWHE

PEG6000 BT a2« 6 MR, B /080531280 . 50, 100, 150, 200, 250 g/L PEG R FIZE
TR 7K AL (6 AR ) . NaCIBRAALEE : 40, 100, 200, 300, 400 | 500 mmol/L NaCl 6~k FEALH . AEAbHI4 A |
TR 30RIFI T, AR FEA =2 KN AELNHY 13 e R I, BT 16 hEIE | 8 hERRKE | 25°C  MIXHEE50% |
JERRBRE100 pmol m—2 s~ Y N TAMEAH (RXZ-500D-LED , #iVL T IV ) ik, 2 RuIITHEL, 4
THARZFS, SETRRUGHEL, Gt &2 ()%, I HE HEEHLE QOB #1728 ()« FARK L A
HOEL . 2F (M) BEEE . R ZFFRE . AR L | T6 0984k R ZEBUEE I E . A OCHE PRI AT

MO L = MR /25 (B i 2 (1)
KFERGP =n/N x100% (2)
Horb s n BB TRI R PTG N oA BHAR T B4
BHFHRHGI =Y 7 (3)
Horb: GONSEERIR I THL, DM RLG R ZF KRB (d).
IRV I=GI < SH (4)
Forr: SHAHI i (cm).
BHHIEGY =Y 2 (5)

s 2R ZFRTE]; GRS IRIRZER, TR ZFRE( d).
1.3 FEHH

K FMicrosoft Excel 2019X 8 #E#E17401T, RIISPSS 22.0% 4 #47 Duncani 51 [ 2 J7 22 43471 (One-way
ANOVA)HIZ®E Heas, MK FE5E N P=0.05. R HGraphpad Prism Version 5.01Ff TR .
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Fig 1 Effect of PEG on seed germination of maize hybrids
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Fig 2 Effect of PEG on seed germination rate of maize hybrids

% 2 PEGHMBX ERZZ MR A IEFRAI NG
Tab 2 Effects of PEG on seed germination indices of maize hybrids

PEGHKEE , .. N ; " s N ; " e N ; "

(g /ﬁx AR REFRRE WEORE JscRh RIFEEC WOEREC AR RIHEEC TRIHREK
0 31.3340.59cd 480.40+5.23b 34.934+0.53a 591.0546.87a 35.4740.24a 415.78+6.28b
50 40.12+40.42a 814.594+4.32a 31.70+0.26ab 459.98+4.21b 27.96+0.63b 546.66+7.23a
100 yyyy 36.8940.28b 477.06+4.21b yygy 29.11+023be 290.5246.87¢ jgpoaeg 28-08+0.19b 563.20+1.23a
150 32.62+0.56c 285.1142.39¢ 25.11+0.45¢ 190.60+2.89d 25.16+0.27b 270.77+6.27c
200 29.3540.46d 211.32+1.89d 11.36£0.29d  55.67+2.17e 22.6740.46b 194.3145.36¢
250 8.5240.23¢  34.86+4.65¢ 3.514+0.47e  8.3243.25¢ 10.2340.92c 34.614-2.45d
0 43.394:0.45a 844.44-+3.98a 37.0140.28a 485.20+4.21c 43.25+0.46a 621.12+2.56a
50 37.954+0.29b 518.90+4.16b 32.46+£0.39b 693.41+3.29a 32.93+£037b 569.4344.36b
100 xyqp0 36:9740.61b 354.174+4.98¢ 3503 36.36+0.12a 572.0944.23bpeywrgoseq 30-1940.14b 361.99+1.25¢
150 34.6740.57b 371.6946.87c 31.0040.34b 392.17+3.27d 30.4240.62b 283.24+6.35d
200 29.49+0.63c 185.82+7.16d 23.11+0.16c  182.8646.16¢ 23.87+0.69c 120.1042.45¢
250 15.10+£0.17d  40.62+5.89% 11.914£0.24d  49.07+4.21f 8.40+£0.17d  21.51+1.63f
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Fig 3  Effect of NaCl on seed germination of maize hybrids
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Fig 4 Effect of NaCl on seed germination rate of maize hybrids
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Tab 3 Effects of NaCl on seed germination indices of maize hybrids

A& IE PRI AR

e
ljjl(jf/%) ez RIFEEL WFEEL  AescRh RIZEFEEK CEWAEIR FAS L U i T W 1R

0 31.3340.56a 470.37+7.89a 34.934+0.19a 308.45+5.63a 35.4740.57a 415.7845.27a
100 25.014:0.32b 163.8246.24b 12.8640.24b  67.1542.35b 21.3840.29b 184.98+1.26b
200 14.3240.12c  34.2443.28c¢ 0.3640.23¢c  0.17+0.15¢ 10.9040.95¢  58.99+1.36b
300 V4T 11950095 15.8746.14c < 80 0.00£0.00c  0.00£0.00c TOH2408 ool 054d  21.7445.23¢

400 3.1040.14d  1.58+0.18c¢ 0.0040.00c  0.0040.00c 2.2940.16e  3.03+1.23¢

500 0.9240.09d  0.2140.02¢ 0.0040.00c  0.0040.00c 0.4840.13¢  0.1240.08c

0 43.3940.76a 402.26+6.45a 37.9940.26a 940.334+6.89a 43.25+0.56a 449.83+16.23a
100 39.3640.62b 179.90-+2.16b 31.7740.57b 228.11-2.34b 8.4040.24b  62.0945.23b
200 14.3740.13c 23.4345.32¢ 25.5640.48¢ 119.39+2.15¢ 0.0040.00c  0.00-+£0.00c

300 XY10 9540.08d 0.1440.12d JYJI03 959240.19¢ 65.8444.23d KWS2564  ( 0040.00c  0.0040.00c

400 0.004:0.00d  0.0040.00d 14.9840.23d 18.57+4.26¢ 0.0040.00c  0.0040.00c

500 0.0040.00d  0.0040.00d 2.1840.15¢  1.29+40.08¢ 0.0040.00c  0.00-0.00c
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M5 Far] i, EPEGHKER LT, 6Fh TORMFAYZE (W) K BRK | REEZ 26, HAR
s R R N R BERTE] . BT 110, BT ES0ZE (M) K#i B EIH, HILEI03 ., JLEAR24687E50 ¢/LPEGHNA T
ZE (M) KX R EMEK (P <0.05), KWS2564 . B EATHEEZES (P >0.05) . [KEPEGHHA T, Hr
47, JLEI03 . JILFEAR2468 FIKWS2564 F AR 5Xf FAZH A #2257 (P <0.05), MHHT £80 | #r £ 1100 JC it 45
b (P>0.05) . FERIREEPEGALEE T, T S Fh AR e He i 35 T H s (KW S2564BR41) .

0glL sog/L 100 ¢/L 150 &/L 2002/L 250¢/L PEG
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Fig 5 Effect of PEG on seed germination and seedling growth of maize hybrids

% 4 PEGHMEX ER4NEEKIERHIZI
Tab 4 Effects of PEG on seedling growth indices in germination stage of maize hybrids
PEGIKEE (g/L) Z5Chh ZFK(cm) MR (cm) R Zach ZFK(em) B (cm) R
0 6.514+0.14a 8.82+0.17bc  0.85+0.04d 8.30+0.37a 8.62+0.28a 0.55+0.06d
50 5.80£0.13a 14.504+0.11a 1.444-0.07cd 5.78£0.39b 8.731+0.32a 0.9640.12cd
100 xy47 1.97£0.19b 10.96£0.09b 2.5140.12cd = yygg  2.94£0.15¢ 7.04£0.12ab 1.4340.23bc
150 0.92+0.06c 7.82+0.15¢  3.45+0.17c 1.7040.06d 5.8940.14bc 2.39+£0.14ab
200 0.304£0.03c  6.90+0.14c 11.86+1.64b 0.9440.18de 3.96+0.24cd 2.73£0.12ab
250 0.224+0.01c 3.87£0.33d 6.3940.19a 0.33+0.02¢ 2.0440.13d 3.01+£0.99a
0 7.40£0.38a 12.06+0.86a 1.16+0.13c 5.06+0.12b 8.05+0.14b 1.23+£0.19b
50 3.1840.13b 10.4940.47ab 2.13£0.12bc 7.36+0.21a 14.001+0.16a 0.9940.02b
100 xy110 1-62+0.14c 7.96+0.39bc 2.44+0.41bc  jyjo3  3.27£0.18c 12.46+0.71a 2.81+0.11ab
150 1.46+£0.12c 9.26+0.16b  4.46+0.13a 1.59+0.02d 11.064+0.14a 4.84+0.05a
200 0.74£0.03d 5.56+0.23bc  4.27+0.39ab 0.37£0.07e¢ 7.54+0.62b 5.03+0.71a
250 0.05+0.01e 2.64+0.11c 2.85+0.56bc 0.114+0.02¢ 4.01£0.28c 2.06%0.06b
0 4.32£0.09b 3.71+£0.15¢  0.67+0.05d 4.63£0.32a 9.73£0.53b 1.25+0.08ab
50 5.8440.19a 13.71+1.21a 1.64+£0.12bc 5.2940.12a 12.09+£0.96a 1.26+0.12ab
100 JSH2468 9-05+0.16b 15.00+£0.83a 2.03+0.11bc yyyqo564 2-88+0.19b  9.11£0.61b 1.75+0.09ab
150 1.74£0.09c 9.02+0.61b  3.01+0.13b 1.07£0.15¢c 8.24£0.16b 4.49+0.61a
200 0.65+0.04d 7.92£0.58b  6.16£0.99a 0.394+0.06cd 4.644+0.44c 2.18+0.26b
250 0.16£0.01d 3.22+0.12¢  1.49+£0.18bc 0.06£0.01d 2.50£0.13d  0.7440.27c

2.3.2  ERIINE X E R GASFh A A K 5
NaCUPHE X ERZZ R ZE (F) K REK R S K I8R5

Wi S i B K. RN, B NaClik

FITFE , A IAEPRSZ 2MH] . BT ES0 . B E 110K WS25647E 25 T°300 mmol /LNaCIE A T , Fh A el
3l (E6), MMiFE200 mmol/LNaClk BB AR KISAR T I E (365), on BRI ERBUSME. B E47. L
FJ03 . JLFAR25687E =ik B NaCllia T HA —E 2F K L R, RIM—E MRt i MRS 55K -
JLEI03> JLFEAR2468 >4 £47.
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100 mmol/L 2nnnn];‘L 300mmol/L 400mmol/L 500 mmol/LNaCl
XY47 AEAS- Teadradey Swinegs Wiwe
XY80 "’I"-i—.\..:‘:‘;" PELY | apegemsene  sRGSON, WeartINe pssacyene
XY 110 )%W»S{ PSS sern o et L anaiii ]
1Y J03 Spalle o et v
JSH246%8
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6 NaClBMBXtE K Z X MER & R4 &£ KH 20
Fig 6  Effect of NaCl on seed germination and seedling growth of maize hydrids
% 5 NaClBMB M E R B E KIEFRAIFIT
Tab 5 Effects of NaCl on seedling growth indices in germination stage of maize hybrids
NaCl&JE (mmol/L)  Z258#h  ZFK(cm) M (cm) R 5k L A ZFR(em) MR (cm) LiES R
0 5.2040.29a 9.81+£0.71a 1.53+0.08ab 4.14+0.16a 4.6940.19a 0.42+0.08c
100 1.9740.02b 4.58+0.33b 3.30+0.05a 1.87+£0.07b 3.35+0.18b 1.644+0.13b
200 XYAT 0.53+0.03¢ 1.8640.03¢c 2.6740.06a XYS0 0.21+0.08¢c 0.26£0.06c 3.01+0.88a
300 0.40+0.04¢ 1.01£0.07c 3.1940.02a 0.00+0.00c  0.00£0.00c 0.00+£0.00c
400 0.13+0.03¢ 0.38+0.05¢ 0.56+0.08b 0.00+0.00c  0.00£0.00c 0.00=£0.00c
500 0.00+0.00c 0.23£0.02¢ 0.00+0.00b 0.00£0.00c  0.0040.00c 0.00+£0.00c
0 4.05+0.16a 5.224+0.17a 0.824+0.11ab 6.19+0.12a 18.56+0.89a 1.75+0.07a
100 1.87+0.14b 2.70+0.08b 1.83+0.08a 3.00£0.13b  4.184+0.04b 1.2740.02a
200 XY110 0.7440.19¢ 0.8940.02c¢ 0.80+0.05ab IYJ03 1.3240.09¢ 3.35+0.03b 2.60+0.17a
300 0.24+0.07c¢ 0.33%0.06¢ 0.95+0.12ab 0.83+0.08cd 1.7140.01c 1.5540.09a
400 0.00+0.00c 0.00£0.00c 0.0040.00c 0.43+0.03de 0.814+0.09c 1.14£0.02a
500 0.0040.00c 0.0040.00c 0.0040.00c 0.15+0.04e 0.44£0.04c 1.81+0.03a
0 4.9940.23a 6.73£0.19a 1.4840.03b 4.86+0.23a 5.54+0.14a 1.46+0.16a
100 2.7440.22b 5.914+0.16a 3.144+0.17a 3.66+0.12b 3.73£0.44b 0.9940.11a
200 JSH2468 2.1740.09¢c 3.2440.23b 1.374+0.07b KWS2564 0.00+0.00c  0.00£0.00c 0.0040.00b
300 1.9040.03¢c 1.32+0.07c 0.51£0.08c 0.00+0.00c  0.00£0.00c 0.0040.00b
400 0.614+0.04d 0.71£0.05¢ 0.54+0.09¢ 0.004£0.00c  0.0040.00c 0.0040.00b
500 0.05+0.01e 0.20£0.02¢ 0.0940.01c 0.00+0.00c¢  0.00£0.00c 0.0040.00b
A \A
3 Tt

FEZLL R 9% RIS 5 A 22% RN 1T, MR HELA B I R T & R S SRvE MARA R . &
KA S — KA, BEFEAU = BT R H 23 mis. F2 P TR EHOK 2k B R | BN E
A IRFE SRR R E G, AR A K 0 AR 6k ORGSR E L L SEE R B & R4
HIARKARET TR, 25 R, $h . PWhaa 2 i 2l KA & KB K s NaCUR #2000 b &7
TPEGIAEN, "I RENaCIFIPEGRHHE Y LE K A3/ AL A R 00—18) . 2532055 1 NaCIHIPEG X oK 7 & %
AISEI A 25 25 5, (ANaCDO AR i/ ] 525 TPEG , P RBJZ NaCIRAR % 4 it 345 35 1 1T 3k o).

Tl 70 & AN v S A A K R A LB B, 5 32 B AR AR WA (R gm0 AR ST Hhe S &
R AZE RN A T & FE AR A NaC Lk BE A 38 i 3z 230 ], 355 HAth T R 2238 R i e 25 5 — 320 oo
F47  JLEI03 L AR 2468 LB H BB (AR ERPE . BT TR0 th s, 52540 F R KIRZE, I H
PR FRED 1 ARBRFE IR A TR ARSI E B NaCl (400 mmol /L) i, /555 T60% A &% (1),
I B S ARSEES, NaCUBRAREAIE T FRLD T AR L XA E MR, Sk PEG B &
THHER. BILER FORXK A BRI RY | 35 Fh 7 kM%) i A K AR PR RENS S S b L I R ke
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PER

4

21 ASHIFFER RN 7 0K 83 1 T K AT 5 400 K A ST B2 3 49 HCBEIFS , 4609 405 A 7 B
R
7R

RSN T | ERE T 0N [F) X A 1) T KR SRR A e S A A R AR B 3T R, SRR SRR
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