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Abstract: Seeding pot experiment had been conducted with 35% and 75% relative soil water content to evalu-
ate the drought tolerance of 10 summer maize varieties in the germination stage in the climate chamber. The results
showed that seed germination potential, germination rate, germination index, aboveground and belowground bio-
mass, storage substance remobilization rate, plant height and root length after seedling had been significantly de-
creased under drought stress while the root/shoot ratio increased. Principal component analysis (PCA) and heat map
analysis showed that four levels of indexes had been established, dry matter, germination index and germination
drought resistance index; root and shoot relationship; root volume and the storage substance remobilization rate; ger-
minating potential. In addition, all indexes were divided into four categories according to the response of drought on
seedling emergence, germination rate related parameters; root volume and the storage substance remobilization rate;
root—shoot ratio and root length; plant height. PCA and heat map clustering analysis showed that drought tolerance
of 10 varieties was in the order of XD29, LY35, WG704, JX1, XY335, BY989, ZD958, WK702, NY2, DH60S5.
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Table 1 The change of soil water content %
K BEE Hi—xK HoR CHEPN EHUPS EEIPN EIAPN R P&
Moisture gradient 1st day 2nd day 3rd day 4th day Sth day 6th day 7th day Water loss rate
RWC75% 75.00 75.00 75.00 74.75 74.00 72.52 72.51 0.73
RWC35% 35.00 34.75 34.25 34.50 33.51 34.25 32.01 0.68

1.3 MEMBS5A*
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1.4 HIFELESSHR

AR % F Microsoft Excel 2010 {4 | SPSS
19.0 ZE47 Kl 743 47 1 3 1853 7347 , SigmaPlot 12.5 1
K, MeV 4.9.0 HEA7 P 0415 2R 2, SR JH SAS 8.1 4K
PEXHR I B S AT 22 7 10 B VR 50 (0=0.05)

MR = 3 =g X 100% N
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Table 2 Relative value of germination index of ten maize varieties
T HIA 52 2545 %) FEXT A 23 RO & = Tl 5B A L PR A
Variety Relative germination (%) (%) Germination drought
potential Relative germination rate ~ Relative germination index resistance index
DH605 0 40.00 19.30 0.34
LY35 0 100.00 82.60 0.83
WG704 11.80 100.00 76.00 1.00
NY2 0 75.00 70.20 0.74
7D958 0 84.20 52.80 0.50
BY989 11.80 85.00 56.00 0.73
XY335 15.00 80.00 54.70 0.73
JX1 0 70.00 61.60 0.61
XD29 15.40 100.00 83.80 1.00
WK702 0 100.00 79.80 0.90

35%RWC T ,DH605.LY35 NY2.ZD958 . JX1 #il
WK702 X} % 25 335 % G704 . BY989 . X Y335 Fil
XD29 AHX] & ZEAAR X EAE 10 BB, 43
}11.80% .11.80% .15.0% .15.4% ., DH605 %k 25 AH
XHEFAK, 7 40.0% 5 HoA 5 B AE 70% LA | 5 LY35.
WG704,XD29 , WK702 # Xt & 2F 28 100% . AR
A EOR R SR BRI R Tl R PR R BE T R T
S, DH60S AHXT & 248 BORMFh i & hit a4
/N, 9 19.3%410.34; XD29 AXHE K, Ry
83.8%F11;L.Y35 . WG704 F1 WK702 A% & ZFF8550f
Fh 7 2 U S 4R B A XA, U IH X 3 A4 Rl R
ERLPIL IR Y SR i
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TR E e E S T O R IR R AR R
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K2 AR, Hirh DH605 1 ZD958 [ AR i i ik 5]
30.2%F144.7% ,NY2 .LY35.X Y335 .XD29 Fl WK702
R ATG R B 7 20% LAY o ARARBRAEAR K 20 2514 F B
XY335 ¥ 5 2 BEAI%, o, DH605 . WK702, LY35,
ZD958 . XD29 AH X # 4 F 43 5l Ry 55.7% . 59.0% .
67.2% . 64.0% . 71.8% , XY335 A {4 FH 43 3t % BE K
o AR, T 5N DH60S ALK FIHUAFR T Feds
2 ;XY335.XD29 5 X i 22 5 80/ 5 LY35,XD29 .
WK702 AR BRI R FRIR N 2, D 3 3
MRME T 5 5504 N AR R AR AR K, A K f v
Yy oy Bl S5 Al SRR 22 5
2.3 FEMBXYRRRE RE LY R iE
sbAln

hE 27 LB L, 35%RWC F 2K b T

R TR T R T A R B R
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Fig.1  The root system of 10 maize varieties under different water conditions
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Fig.2 10 varieties of maize Shoot length(A), ground dry matter (B), underground dry matter (C), root-shoot ratio (D),

total dry matter (E), storage substance remobilization rate (F), under 35% RWC and 75% RWC
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o TE35%RWC T F oKW A& WLE A H R B
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1 A%, My 46.4% F155.7% ; ZD958 H1 BY989 YK Z ;
LY35 F1JX1 7E 35%RWC T T 54 B 22 54800,
I3 590 88.19% F1 82.1% , i W /K 43 k36 %t DH605 B
KW AR AR, LY 35 A IX T ZEIR K 43 T REfE
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24 FRHSMEEEMEN

PL10> oK s & B 12 48 bR 5 R 50N
i, A SPSS Bl 23 A A 2 053 o0, BB R
R T 11514 F 5 1Y ST ikR e J5 19 o346
PERVERAE ) A B . R 315, R ik i 4
ARG H TR0 o — S 52.520% , 5
TEMS 18.213% , 55 = F 4 11.564% , 55 DY AT,
73 8.383% , ZFHTTHRE 90.679% , B 4 4> 3 100 1 5
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Table 3 The characteristic value, variance and cumulative contribution rate of each component.

L GERRORIEN PR RSy
Initial eigenvalue The extracted principal component
L A2 22y T o 2oy T o
Component & it T3 221 BTHREE (%) TR (%) o T3 2 1 BTHREE (%) TR (%)
Total The contribution Cumulative The contribution Cumulative
rate of variance contribution rate Total rate of variance contribution rate
1 6.302 52.520 52.520 6.302 52.520 52.520
2 2.186 18.213 70.733 2.186 18.213 70.733
3 1.388 11.564 82.296 1.388 11.564 82.296
4 1.006 8.383 90.679 1.006 8.383 90.679
5 0.829 6.905 97.584
6 0.146 1.217 98.802
7 0.102 0.846 99.647
8 0.027 0.224 99.872
9 0.015 0.128 100.000
10 0.000 0.000 100.000
11 0.000 0.000 100.000
12 0.000 0.000 100.000

PR T H R REAS S A5 AR AR e B T2y

b BT (R 4), 25— BT RRE(E 6.302, F K
AT B E T R R ORI T AT
SRS — M B BRSO —
Wy E B T R R R RO T A DR
FERRE AR MR LA T 4 i 2 — 32K
oy AR AT, BV T R FEAR TR

AL 5 57 = 0o B ARPR BRI e Jot e 1z - A 45
1 AT 5 265 U 2 R TR e 2 B A R B AT
I, FER K 10 4> A i R A7 i ST R A
I, AT AU B K 0ih EHH R B R R R RO
T8 AP AR BUE FEMPEE RS R RS
FIHL N W AT bR AR ARE L
W) e 1B A A PN LR — SR b
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Table 4  Eigenvector matrix

& br

Indicator PC1 PC3 PC4
R 0.121 -0.375 0.108 0.621
KA 0.296 -0.174 -0.460 0.189
KRR 0.353 -0.080 -0.340 -0.075
T KBt AL 0.337 -0.220 -0.293 0.048
M b 0.350 -0.122 0.143 -0.053
R T 0.295 0.440 -0.073 0.105
HUE 0.062 -0.171 0.136
) o e i 0.333 0.166 0.338 0.216
MR 0.365 0.210 -0.001 0.027
F K 0.269 -0.332 0.159 -0.434
oK 0.261 0.100 0.074 -0.533
AR 0.248 0.022 0.613 0.128

142 :PC1.,PC2 \PC3 . PCA 43 B R 8 — F 4 BB sy 38 = A 2 1oy . F R

Note: PC1, PC2, PC3, PC4 indicated the first principal component, the second principal component, the third principal component, the forth prin-

cipal component, respectively. The same below.

N T REHE— W A P E SR R XL AR R 1
25t 1 1] SPSS IR 173 )i o3 K T e I 45 21 i
ey 7 (R 5) . NSRS RIA 5
— TG R AR R R EORA T B R T R AL
KRB AW T SRR IR fif iz %
REAZH B =AW T SRE SR B S A A

TEHRKMZFR R EE . NI, 1208 bttt 7
A2, AT AR — 2O R AR 2 ORI S
AR R =ML, S VIR 52
Koo TRAAF T FZAR bR B — 2, AR5 R
X R AT PR A7 7R 2250

R5 MEHEHETFREER

Table 5 The rotated factor load matrix

Ei-lR I Factor

Indicator T 1 T2 HF3 HT-4
R 0.346 0.326 -0.313 -0.694
KRR 0.959 0.056 0.086 -0.138
FEFHEEL 0.930 0.231 0.127 0.172
= AT PR EL 0.936 0.251 -0.048 -0.005
b M 0.611 0.663 -0.071 0.135
T T 0.400 0.452 0.772 0.180
HE -0.046 0.015 0.938 0.128
W) i 0.318 0.871 0.326 -0.018
P i 0.586 0.597 0.448 0.192
#F K 0.535 0.487 -0.498 0.389
Rk 0.379 0.418 0.080 0.647
HRAAFH 0.033 0.962 -0.014 -0.021

WAR G R PR R R R FRE R R T
B F T T AR R Y P s
R ORTE ZFRK ARK AR bR G SR K
TR Xi Xo X X X X X X X Xio X A X0, )

MR 4133 R RIA

Y=0.121X, + 0.296X; + 0.353X; + 0.337X, +
0.350Xs + 0.295X, + 0.062X; + 0.333X; + 0.365X, +
0.269X0+0.261X,1+0.248X 15
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Y.=— 0.375X,— 0.174X,— 0.080X,— 0.220X.-
0.122X; + 0.440X, + 0.611X; + 0.166Xs + 0.210Xs—
0.332X,0+0.100X,,+0.022X 5

Y,=0.108X,— 0.460X,— 0.340X;— 0.293X, +
0.143X5— 0.073X¢— 0.171X; + 0.338Xs— 0.001X, +
0.159X,0+0.074X,1+0.613X 13

Y.=0.621X, + 0.189X,— 0.075X; + 0.048X.-
0.053Xs + 0.105Xs + 0.136X; + 0.216X; + 0.027X,o—
0.434X,-0.533X,1+0.128X 53

TR N A P 10 4> FOK SRR &
IIHTEAE 6 104K A A& 0 32 BB RZE &
fHHESZ (GR 6), AT R LR A TN B, T EE 4 4~ 32
B3, LA RG34 7 22 DTER AR A, F 1 25
BIEMFEELF=0.525Y,+0.182Y,+0.116Y+0.084Y..

Wt 6 i LA 1, XD29 . LY35. WG704 1 X1
25 B R , AR X 28 i 7R 7 L AR 5 —

FRAME L R . LY35 55— E R A — R
RIS, UL AE — AR bR A R T bR R R A
IF. XY335.BY989 Fl1 ZD958 Y45 = T i/ A &
55— F RS AR A AR AR, B T R A X
FLH A T i R R 238 B AR, J&E b (]
RIS AN . WK702 NY2 F1 DH605 & 25 A (H AR Y =
A A, DH60S 7 5 — o 1953 B fik, h-4.941,
VLK 3 268 T AWy o Fn e 2R B Ml 2=
NY2 75 PUAS T AT AR FE BT , A5 3 AR AR, PRl e
ZEAH -1.725, % DH605 A1 & 190 S 14 55
Rl . WK702 56— s B #m  (HEE =
= DU R U, L WK702 76 DU 2R FE
PR A AT AN N SE I e A 255l SR a5,
XD29.LY35.WG704 F1 JX1 A & 41 T 485 11
s A, X Y335, BY989.,ZD958 1 WK702 Jy ] 284 iy
P, NY2 FI DH60S &4t P 22 19
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Table 6 The principal component value and comprehensive value ranking of 10 maize varieties

i A e
Variety ret res res e Comprehensive value
XD29 2412 -0.410 -0376 1.174 2.133
LY35 2321 2.935 -1342 0.406 1.939
WG704 2.406 -0.362 0.066 -0.132 1.095
IX1 1.705 1.132 2380 -0.397 1.044
XY335 0.292 -1.649 1.442 0.743 0.643
BY989 -1.808 -1.423 -0.599 1.017 -0.426
7D958 -2.892 0.021 -0.670 0.675 -1.026
WK702 0.779 -1.386 -1318 -1.431 -1.195
NY2 -0.273 -0.467 -0.085 -1.774 -1.725
DH605 -4.941 1.610 0.502 -0.282 -2.480
25 REMBUSHFEIREZSE JEFrhE AR, S5 5 B i LR A HEA

T X 104 F KA R & 050 5 R EA R 53
B (] 3) AT UG, A T BT 1) 5 B T AS [) K o
AR LY 2R ARG VR R R SFR L P T
WA PURIEE T T M B ST E AR
DL 6 0 Itz 3 SR (A AR VHE . Hh B 3 AT LU
10 M RHAR 5 H 387 DX 3850 22 AR it (7 €2, 1 B
TR EEIN TGS . B[R] B AR B AT L
A il E  DHO0S B K8 hnbi 5 R 5 X el e v, i
I H T R R B . LA ZD958 F1BY989 FE 45 £
SRR X, 2 5 DH605 ATt 52 R BB AR i
Flio LY35.WG704 1 XD29 78 & i 44 H8 5 22 s
7 0.7285 DX 8 B 3, 146 B3 3 B BB 5 R UK
o NY2.JX1.XY335 Fll WK702 45 3 45 b3 i 5

— 8o B33 TR BT A T AT R
ATLIVE HCRHERR I U . S —2N G L, 76T
FRAE R 5 ORI AN ZR K 5 5 =2 AF
N K G R o R i=p S EE ] EESVE U N
M TR TE R T E RATRAR AR
IX 55 SPSS [H T3 M e e B A 7 S A A e (2 5) 4%
R, YA BT B T 5
3 Gigiie

S AT AR I TR DT RN T ik, 583
DU SRR R R X TR LT ™ R B dh
FhBEFEARCR PR R ORI R A K TR 2 gk Al
fip D TR T LA RS IARO AT 8 A e BT B
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TE:AB.C.D.E.F.G.H.L.J KB RARTE L 2 AR 20438 DR ZFR R i R DU P8 8 o BT BT i)

Bikia AR ARATA

Note: A, Root=shoot ratio; B, Shoot length; C, Root length; D, Germination rate; E, Germination index; F, Germination drought resistance index; G,

Underground dry weight; H, Total dry weight; I, Ground dry weight; J, Storage substance remobilization; K, Root volume.
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Fig.3 The heat map and clustering analysis of indicators of 10 maize varieties in germination stage.
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