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Identification of drought tolerance of rice germplasm during germination period

TIAN You-sheng', XIE Zong-ming', WU Xiang-dong®, WANG Zhi-jun', YE Chun-xiu', ZHANG Guo-li'
(1. Biotechnology Research Institute , Xinjiang Academy of Agricultural and Reclamation Science/ Xinjiang Production &
Construction Group Key Laboratory of Crop Germplasm Enhancement and Gene Resources Utilization , Shihezi, Xinjiang 832000, China;
2. Fist Division Institute of Agricultural Sciences of Xinjiang Production &Construction Group , Alaer, Xinjiang 843300, China)

Abstract: The study aims to assess drought of 30 rice cultivars during germination period, using PEG — 6000 hyper-
tonic solution to simulate drought condition. Eleven traits germinating performance were investigated, such as germination
force, germination values, root length, germ length, coleoptile length, ratio of root to shoot, biomass transport rate. The
results showed significant correlations between biomass translocation rate and ratio of root to shoot (0.83) and the ratio of
root/shoot and germ dry weight ( —0.51) and length ( —0.47). Principal component analysis showed that the 11 traits
were classified as four major factors, and germ dry weight, germination rate, coleoptile length, and the ratio of root to
shoot showed maximum load, with the correlation coefficients being 0.4876, 0.5266, 0.6661 and 0.5988, respectively.
These factors have implications in the identification of drought resistance in rice. clustering analysis divided rice drought
resistance into four categories, with XS — 13 - 12 and XS - 13 = 9 being highly drought resistant, XS - 13 -2, A218
and XS — 13 — 11 resistant, Daohuaxiang, SN1204, XS — 13 - 13 and XS - 13 - 3 moderate resistant, while 1043,
SN9903 and XS — 13 — 4 drought sensitive.

Keywords: rice; germplasm; drought resistance; germination stage
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R ZER R AR X ) AR LR 87.30% ~ 252.31%,
R ZERARXHEL AR LTS 47.60% ~ 117.35% , 1
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Table 1 Code of tested rice cultivars and its origins
=} 3 =} Z
i A () P i LY EY) e
Cod Cultivars Orici Cod Cultivars Orici
e (Lines) riging e (Lines) rigins
A BRI R — I R B 5 HTHRAL PR B IR A — gl B A D
1 XS-13-4  Fist Division Institute of Agricultural Sciences of 18 XS-13-9  Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
HHRAL P B IR A — Il B BFE I AR PRI A — e e B A B B
2 XS-13-6  Fist Division Institute of Agricultural Sciences of 19 0524 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
BT BBEA  BLT P A — AR L B2 BT BT BB A BT P A — IR L B2 S BT
3 XS-13-5  Fist Division Institute of Agricultural Sciences of 20 0934 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
B e B A A — AL B2 BT B B A BT B A — AL BB T B
4 XS—-13-12 Fist Division Institute of Agricultural Sciences of 21 1043 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
B 7 A BRI B — AR M R BT BT 7 A BRI B — AR ML R BT 5
5 XS-13-8  Fist Division Institute of Agricultural Sciences of 22 1032 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
AL PR IR A — gl B A DFE B HTHRAE PRI A — g e B A B
6 0530 Fist Division Institute of Agricultural Sciences of 23 0953 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
BB P B P A — AR L B2 BF 5 BT BB P BT P A — IR L B2 5 BT
7 XS-13-3  Fist Division Institute of Agricultural Sciences of 24 A-12 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
BTER A BT B A — AL B2 BT T B IR B BT B A — AL R BT T B
8 XS—-13-2  Fist Division Institute of Agricultural Sciences of 25 Dachuaxiane Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group aohuaxiang Xinjiang Production & Construction Group
AR 7 BRI — A R B B By B A A — IO R BT B
9 XS-13-1 Fist Division Institute of Agricultural Sciences of 26 SNO3 - 4 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
T BB B A A — AL B2 5 T HTHRAL PR BN A — g e B A
10 XS-13-7  Fist Division Institute of Agricultural Sciences of 27 SN9903 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
HHRLE P BT A — I L B BT B HHRLE P B A — I L B A BT B
11 XS-13-10 Fist Division Institute of Agricultural Sciences of 28 SN09001 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
A IR A — IR M R B B BERA  BLT BA — IARL RL 2B T BT
12 XS—-13-13 Fist Division Institute of Agricultural Sciences of 29 SN1004 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
B B A A — IO B2 BT S B B BT A A — IO B2 BT S B
13 XS-13-14 Fist Division Institute of Agricultural Sciences of 30 SN9816 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
T BB P B A — AL B2 5 T AL PR B IR A — gl B EA D
14 XS-13-11 Fist Division Institute of Agricultural Sciences of 31 SN1204 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group Xinjiang Production & Construction Group
11 SR PRI A — I L B A B B SRR G A BT S BT
15 ” Fist Division Institute of Agricultural Sciences of 32 T-04 Xinjiang Tianye Group Co. Institute of Agricul-
Xindao 11 . . . <
Xinjiang Production & Construction Group tural Sciences
o _ A IR A — IR M R B B B AR AR B2 BT B
16 o Fist Division Institute of Agricultural Sciences of 33 T - 66 Xinjiang Tianye Group Co. Institute of Agricul-
Xin - 23 . . . ;
Xinjiang Production & Construction Group tural Sciences
A IR A — AR M R B B
17 A218 Fist Division Institute of Agricultural Sciences of
Xinjiang Production & Construction Group
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Table 2 Relative values of selected traits of rice under PEG stress
Al (R)
Cultivars X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11
(Lines)
1 100def  100bede  82.74Klm  83.33ghi  91.66b 72.85fhikim  30.82n0  160.12efehi  53.0defghijk 82.52ghik  49.82jk
2 100def  100bede  88.93ikl  90.67defghi 100b  58.05mopq  41.18jkkmn  244.9%4ab 4191k  100.7Scdefghi  57.48fzhijk
3 115.38bc  107.14bc  106.76cdefgh ~ 87.6lefghi  112.06b  78.84cdefghi 84.94cde 161.18efghi  63.18bcdefg  104.61cdefghi 68 15cdefghi
4 107.69cde  103.57bed  101.32efghij  102.87hed 111.66b  83.33bcdefy 109.20 b 222 . 42abed  77.24ab 170.92a 90.60ab
5 90fghi 90ef 106.71cdefgh  85.29fghi 100b 71.25fghijklmn ~ 47.17ijklmn ~ 155.01efghij 71.23abed  112.84bcdef 71.38cdefy
6 100def 100bede  115.26cdef 95.53cdefg  107.14b  74.08defghijk ~ 94.93bc 133.55ghij ~ 74.61abc 98.36cdefghij  79.83hc
7 Wfghi  96.66cdel 87.76kI 6774k 252.30a  62.02Klmmop  34.0lmno  187.4lbedely 49.11ghijk  89.32fghik  58.33fghijk
8 108cde 107.40be  133.28b 94.79cdefgh 107.69b 117.34a 43.97jklmn  132.22ghij  83.10a 109. 19cdefg 74 .45¢cde
9 93.33fgh  93.33def 119.8lc 88efghi 91.07b  80.07hcdefgh 60. 17fghij 166.71defghi  67.83abedefl  119.32bede 79.18bcd
10 96.66efg  100bcde 91.96hijkl 90.30defghi  106.89b  63.01jklmnop ~ 70.06defg ~ 211.19bede  46.75hijk 93.86defghijk  55.01hijk
11 92.85fsh  96.55cdef 151.71a 79.42ij 87.30b  87.57bed 76.37def 142.66fghij  63.12bcdefg  91.39%€fghijk  68.64cdefghi
12 93.33fgh  100bcde 38.60n 90.62defghi  115.38b  65.37ijklmno 56.54fghijkl  173.12cdefg  59.19cdefghi 103.59cdefghi  64.26defghij
13 100def  111.53b  94.58hik  87.24efehi 107.27h S9.46mnopq  S8.34fghik  120.98¢hij  52.13fehijk  66.83k 51,52k
14 85.18ghi  85.71f 95.68ghijk 80.57jj 104.34b  86.82bede 88.82cd 230.24abe 74.05abe 170.58a 98.18a
15 Nfh 85711 103.04defghij  O1.19defghi  142.59h  76.24defghij  111.00b 153.8lefehij  57.14defehij 86.12fehijk  58.19fghijk
16 93.10fgh ~ 96.55cdef 115.94cde 82.32ghi 132.75b  90.33he 69.73defg 162.05efghi  73.27abe 121.63bed 80.97be
17 108.33cde 112.5b 94.08ghijk  104.37he 129.33b  92.92b 128.30a 107.31jj 75.18abe 78.72ijk 70.09¢cdefgh
18 129.4la  126.31a  110cdefg 122.95a 96.61b  73.61efghijkl 72.80defg 176 . 17cdefg  71.64abed  125.39he 77.47 bede
19 111.1led  107.14bc  99.69fghij 94 .24cdefgh  105.07b  51.08pq 55.99ghijkl  243.00ab 39.58k 90.39fghijk 47 .42k
2 Ofchi  96.66cdel 96.38ghik  87.Sefehi  96.15h 80.70bedefy  49.09hijkmn 140.78fehij  67.3labedef 94.08defghijk  68.17cdefehi
21 79.16ij 80.28ef  87.74jkl 85.71{ghi 103.38b  66.95hijklmno ~ 36.79Imno  161.28efghi  49.28ghijk  79.54ijk 54.471k
22 87.5Ghi  111.53b  118.62cd 94.66cdefgh 121.12b  90.36he 67.08 efghi  155.79fghij 67.90abedef  106.06cdefghi  69.05cdefghi
23 123.52ab  108.69bc  107.10cdefgh 123.63a 105.17b  59.9%4Imnopq 20.99 243.51ab 44661k 108. 14cdefgh 56.36ghijk
24 116he 107.40bc  101.80efghij  96.80cdef 96.82b  70.72ghijklmn  54.00ghijklm 149.17fghij ~ 73.55abc 111bedef 72.32cdef
25 64k 89.65ef  107.84cdefsh  69.76)k 112.19b  87.12bede 54.80 ghijkl 163.94defghi  60.86cdefgh 103.68cdefghi  68.55cdefghi
% 83.33hi  96.66cdel 76.88lm  0defehi  111.11b S58.87nopq  46.86ijkimn 147.18fehij  54.85efehik 81.25¢hik  55.66hijk
7 86.66fghi  96.66cdefl  70.87m 85.93fghi  117.24b 47.60q R.4lno  178.07cdefy  49.22¢hilk  81.57ghik  52.21jk
28 100def 100bede 93.06hijk 100bede 113.20b  84.58bcdef 67.99efgh 99.03j 69.17abede  66.51k 57.76fghijk
29 100def 96.66cdef  80.51klm 97. 15cdef 95.38b  56.160pq 54.62ghijkl  197.20bedef  41.62jk 80. 11hijk 47.35k
30 100def 103.44bed  95.24ghijk 95.16cdefg  108.33h  86.93bede 38.7klmno  109.84hjj 66.30bcdef  71.50jk 55.19hijk
31 96.66cfy  96.66cdel 104.84cdefghi  85.29fghi  92.30b  66.66hijklnno  48.88hijklnn 171.12cdefeh 56.49defehij  98.08cdefghij  56.38ghijk
) 110.52ed 11256 116.09ede  110.07b  117.85b 73.06fghijkim  48.0lhijklnn 174.13cdefy  54.03cfghijk  92.4lefehijk  63.27ghijk
33 70.37k  100bede 9033kl 81.50hj  122.91b  66.18iklmo  53.64ghijklm 271.44a  51.70fghijk  136.84b 712l cdefy

T XU AT S 2585 X2 AR R 2023 5 X3 R IARAR K 5 X« AR 4 254 205 XS« AR IR 2380 4 5 X6 AT IR 28 45 X7 2 A 0T 335 3 8 005 X8« AR X
IR HE 5 X9 AR 28 s X10: AEXSAR T3 s XL L AH XS W) B is i 28 o [l — 3 W Al P REFRORTE 5% K F R ERARE, TR,

Note: X1: Relative germination force; X2: Relative germination values; X3: Relative root length; X4: Relative germination index; X5: Relative coleoptile
length; X6: Relative germ length; X7: Relative vigor index; X8: Relative root/shoot weight; X9: Relative germ dry weight; X10: Relative root dry weight;

X11: Relative material transport rate. The same letters at the same column indicate no significance at 5% level. The same as below.

M 2 W LLE H, PEG Brid 5, 33 47K A i
(R RZEHR T IRMEA 9, EERET
TR A B 12 63, 43 3 i SR 6 R 279%
36% . PEG [PB X AS [R] A4} ) R AR A4 52 0 A [+
Horp g 2R 8 5 11 S M RHIRAR i, FEAHXHE
A3 133.28% Fl 151.71% , P AMH] 12 S40RHEY

JEMR A, FIXSE N 38.60% . BR T 45 .17 5 .18
523 5 32 SRS JE Kk 2R RO R TR R
oA Z =R A ZF B TR IR ha fe k1
REBM R ZFIE K E, BA 8 iy MBI ZF I K
FENFX B, SRR 24% o Bk 8 S AR
IR ZE B v 1% BE AR RHE N 117.35% , [k ae 41



554 1

I SCTHEE < AR R R o TR b R I AR 2n 5 M 177

HRTA AR 2R 2 T MY i s R, 4
515 5 17 SAPRMTE I BE I T i X
AERHE 23 514 109.20% , 111.00% , 128.31% , HeAth
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FUAIG T X6 B AN, AR X E R 99. 03% , HiAth 24 15 F X
W AR T U A R 271.45% o b8 % AS [ 41 )
PR T E AN F, 4 5 PR T AR X HE & K,
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Table 3 Correlation coefficients of growth parameters of rice seedlings under PEG

ERSH

Growth X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11
parameter

X1 1

X2 0.73"" 1

X3 0.20 0.15 1

X4 0.78"" 0.69"" 0.09 1

X5 -0.17 -0.08 -0.16 -0.31 1

X6 0.01 0.05 0.57"* -0.01 -0.06 1

X7 0.12 0.05 0.21 0.13 0.01 0.39" 1

X8 -0.03 -0.07 -0.17 0.02 0.03 -0.47"" -0.17 1

X9 0.12 0.11 0.42" 0.10 -0.11 0.81"" 0.50"" -0.51"" 1

X10 0.01 -0.05 0.19 0.04 -0.08 0.26 0.29 0.54"" 0.42" 1

X11 0 -0.03 0.39" 0.02 -0.06 0.59" " 0.52" " 0.04 0.79" " 0.83" " 1

o Fl o x 2 BIFIRTE 0.05 F10.01 2 E 7K

Note: * and * * indicate significance at 0.05 and 0.01 probability levels,

2.3 PEG BHMETKEMmM(R)NIEMERE RN
24 EMN
R RO 5027 SR g pR B0 X K A i Fl (R ) PEG
e T PR TEE ST . B R EUE X ()
= (X = Xpin) /(X = Xoin) » IH X AR HRINE (A
X P X i TS S8R B —F8 A 114 B AR F S
JIMEL, QSR FE—F8 AR SOKAE PTG, W AT A
R E RO S T SR R B, AU X
(0)=1= (X = Xpin) /(X = Xoi) 100 S5 J5 P45
— AP (R) SRR R I Rk, RE
PREICEHIEMR , FR AP (R) T SR, @
X 33 KA A AR SR JE R BT R T A, B
2 At R 55 HE Y (R 4) , o 4 51118
SRR (R ) PR AR, 27 5 21 S OKF b
AP MERTT o
2.4 KERMH(R)MEBENERS DI
A 2E it a2 R R0 o BT RIS SR 2T sy
B, T A S B B A v AL AR B, DA SE XA i A AH

respectively .

WUPEBEAT PR . 4% B (FR) BT A $5 4R 1 AR
SHEIEAT F BRI 43HT , 25 32 B4 I R AE (R AN Bk %
W5, /4 A F B TTER 40 32.923% |
22.757% . 16. 149% . 9. 147% , H: B il sk F K
80.976% , HAx GTRk A /INAT L ZWE AT, X FE s
IR 11 A8 AR 3 B 4 A7 9 AH B 57 1 25
GabR, RF T R 11 I8 PR 80.976% 15
B X4 NFRSE 11 APURHRR AR S R ECCRP
PR~ 07 i £ ) R T AT T =2 IR A AH DGR (R 6) o

81 FERATRFIER A, = 3.6215, TR N
32.923% , X I AFAE 1) o H B BRI IR S i )
BRI T A OC R B 0.4876.0.5300, 1
WHAET 5038 R 6 148 SO 251 5 0] DAVE A
IKAE PR E L E FE R o

S E AT I RRAEAR A, = 2.5033, BTRk RN
22.757% ,%F N ARHAIE ) 3t v, R R MR Ok 2
R R A R BT 0.5266.0.2088, F %
S WK FE 1 AR o
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Table 4 Membership values of relative values of growth parameters of rice seedlings under PEG

i (R) RIRML

Variety X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 Membership

(Lines) velue Tk
1 0.55 0.35 0.39 0.28 0.03 0.36 0.09 0.35 0.31 0.15 0.05 0.27 30
2 0.55 0.35 0.44 0.41 0.08 0.15 0.19 0.85 0.05 0.33 0.20 0.33 23
3 0.79 0.53 0.60 0.36 0.15 0.45 0.60 0.36 0.54 0.36 0.41 0.47 9
4 0.67 0.44 0.55 0.63 0.15 0.51 0.82 0.72 0.87 1.00 0.85 0.65 1
5 0.40 0.11 0.60 0.31 0.08 0.34 0.24 0.32 0.73 0.44 0.47 0.37 17
6 0.55 0.35 0.68 0.50 0.12 0.38 0.69 0.20 0.80 0.31 0.64 0.47 8
7 0.40 0.27 0.43 0.00 1.00 0.21 0.12 0.51 0.22 0.22 0.22 0.33 24
8 0.67 0.53 0.84 0.48 0.12 1.00 0.21 0.19 1.00 0.41 0.53 0.55 3
9 0.45 0.19 0.72 0.36 0.02 0.47 0.37 0.39 0.65 0.51 0.63 0.43 13
10 0.50 0.35 0.47 0.40 0.12 0.22 0.46 0.65 0.16 0.26 0.15 0.34 21
11 0.44 0.27 1.00 0.21 0.00 0.57 0.52 0.25 0.54 0.24 0.42 0.41 14
12 0.45 0.35 0.00 0.41 0.17 0.25 0.33 0.43 0.45 0.36 0.33 0.32 25
13 0.55 0.64 0.49 0.35 0.12 0.17 0.35 0.18 0.29 0.00 0.08 0.29 28
14 0.32 0.00 0.50 0.23 0.10 0.56 0.63 0.76 0.79 1.00 1.00 0.54 4
15 0.43 0.00 0.57 0.42 0.34 0.41 0.84 0.32 0.40 0.19 0.21 0.37 16
16 0.44 0.27 0.68 0.26 0.28 0.61 0.45 0.37 0.77 0.53 0.66 0.48 6
17 0.68 0.66 0.49 0.66 0.25 0.65 1.00 0.05 0.82 0.12 0.45 0.53 5
18 1.00 1.00 0.63 0.99 0.06 0.37 0.48 0.45 0.74 0.56 0.59 0.62 2
19 0.72 0.53 0.54 0.47 0.11 0.05 0.33 0.84 0.00 0.23 0.00 0.35 20
20 0.40 0.27 0.51 0.35 0.05 0.47 0.26 0.24 0.64 0.26 0.41 0.35 19
21 0.23 0.09 0.43 0.32 0.10 0.28 0.15 0.36 0.22 0.12 0.14 0.22 32
22 0.36 0.64 0.71 0.48 0.20 0.61 0.43 0.33 0.65 0.38 0.43 0.47 7
23 0.91 0.57 0.61 1.00 0.11 0.18 0.00 0.84 0.12 0.40 0.18 0.45 12
24 0.79 0.53 0.56 0.52 0.06 0.33 0.31 0.29 0.78 0.43 0.49 0.46 10
25 0.00 0.10 0.61 0.04 0.15 0.57 0.32 0.38 0.49 0.36 0.42 0.31 27
26 0.30 0.27 0.34 0.40 0.14 0.16 0.24 0.28 0.35 0.14 0.16 0.25 31
27 0.35 0.27 0.29 0.33 0.18 0.00 0.11 0.46 0.22 0.14 0.10 0.22 33
28 0.55 0.35 0.48 0.58 0.16 0.53 0.44 0.00 0.68 0.00 0.20 0.36 18
29 0.55 0.27 0.37 0.53 0.05 0.12 0.31 0.57 0.05 0.13 0.00 0.27 29
30 0.55 0.44 0.50 0.49 0.13 0.56 0.17 0.06 0.61 0.05 0.15 0.34 22
31 0.50 0.27 0.59 0.31 0.03 0.27 0.26 0.42 0.39 0.30 0.18 0.32 26
32 0.71 0.66 0.69 0.76 0.19 0.37 0.25 0.44 0.33 0.25 0.31 0.45 11
33 0.10 0.35 0.46 0.25 0.22 0.27 0.30 1.00 0.28 0.67 0.47 0.40 15

Table 5  Characteristic values of drought resistance of rice seedlings under PEG

R 5 PEG BB TKFEZF MBS & IEARFHEE R STk

FE 43 Principal component

FHE{E Eigen value

FIHkZ Contribution/ %

Z15i#kR Cumulative contribution/ %

I

II
I
W

3.6215
2.5033
1.7764
1.0062

32.923
22.7573
16.1495

9.147

32.923
55.6803
71.8298
80.9768
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Table 6  Characteristics vector of drought resistance of rice seedlings under PEG

EW

Principal X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

component

0.1491 0.5477 0.0649 0.1264 0.0612 0.0358 0.4876 -0.3484  0.5300 -0.1118  -0.0085

11 0.1286 0.5266 0.0067 0.2088 0.1689 -0.1715 -0.7525 -0.1828 -0.0654 0.008 -0.024
Il 0.3239 0.0221 -0.1026  -0.2723 0.6661 0.5209 0.0737 -0.1019 -0.2616 0.103 0.0015
v 0.1405 0.5453 0.1198 0.0003 -0.1553 -0.0427 0.2769 0.5988 —0.4536 0.0241  -0.0329
ST E AT MAFAEAR 25 = 1.7764, BTRR R Ky RER.
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Fig.1 Dendrogram on drought tolerance of 33 rice varieties(Lines)
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