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Effect of drought stress on seed germination of sunflower on and
identification of drought resistance of main variety
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(1. College of Agronomy , Inner Mongolia Agricultural University , Huhhot , Inner Mongolia 010019, China ;
2. Inner Mongolia Academy of Agriculture and Animal Husbandry Sciences , Huhhot, Inner Mongolia 010031, China)

Abstract: PEG solution is used to simulate the drought stress. To evaluate and compare the physiological and bio-
chemical indicators and the morphology of eighteen sunflower resources materials seeds germination period, and use the
membership function method to make the comprehensive evaluation of drought resistance for the tested materials. The re-
sults showed that relative germination rate, relative germination energy and relative germination indexes were inhibited
during bud stage. The relative radical length, relative germ length, relative germ dry weight, relative germination rate,
relative germination energy, relative germination indexes, relative MDA contents and relative ATP contents are all posi-
tively related with the comprehensive evaluation value obviously. These indexes can be used as the identification index of
drought resistance in germination. Recombinant inbred lines 88 of eighteen sunflower resources materials are stronger and
the comprehensive evaluation value are 1.49, which can be used as the basis of the next step for drought resistance gene
materials. This study improved the sunflower seed germination drought resistance identification methods and has certain
practical significance and reference value for sunflower breeding.
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Table 1  Sunflower seed germination characteristics under drought stress
ol *EET *%Z(T i i‘% XT AHXS *Hj‘T AHXS ﬁX‘T
Material KR R KRR JERR K JR2F I AR T 2T
RGR RGE RGI RRL RGL RRDW REDW
35 0.72be 0.59de 0.8% 0.46bc 0.24gh 0.04c 0.44bc
118 0.72be 0.70bc 0.39d 0.39de 0.43b 0.03¢ 0.14¢g
28 0.65d 0.44{g 0.36de 0.29fg 0.29f 0.02¢ 0.41bed
192 0.44ef 0.061 0.16fg 0.21h 0.21h 0.02¢ 0.22defg
29 0.68cd 0.81a 0.83a 0.37de 0.58a 0.05¢ 0.78a
184 0.041 0.02i 0.02¢g 0.12j 0.161 0.04c 0.26cdefg
50 0.70bed 0.38gh 0.36de 0.17hi 0.31ef 0.04c 0.16fg
81 0.4% 0.471g 0.35de 0.07j 0.091 0.05¢ 0.23cdefg
88 0.90a 0.73ab 0.88a 0.51b 0.59% 0.06¢ 0.89%a
101 0.33g 0.23i 0.24ef 0.47bc 0.21h 0.04c 0.35cdefg
23 0.06i 0.04i 0.03g 0.43cd 0.39¢ 0.03¢ 0.36cdef
20 0.43ef 0.50ef 0.40d 0.34ef 0.35d 0.04c 0.38bcde
53 0.02i 0.32hi 0.0lg 0.24¢gh 0.17b 0.04c 0.20cdefg
60 0.70bcd 0.57de 0.55¢ 0.30fg 0.43d 0.04c 0.35¢g
64 0.40f 0.67bed 0.75ab 0.43cd 0.34i 0.02¢ 0.15efg
K55 0.17h 0.22i 0.25def 0.62a 0.34de 0.06¢c 0.3%
K58 0.72bc 0.60cde 0.43¢ 0.21h 0.25g 0.48b 0.32cdefg
K59 0.76b 0.65bed 0.67bc 0.20h 0.39¢ 0.99a 0.30cdefg

;R A AR W R B E 0.05 KF 122 5 3 AHXS & 28 % : Relative germination rate( RGR) ; HAXT & 2% : Relative germination energy
(RGE) ; AHX} % 2E48 % : Relative germination index(RGI) ; #HXJ IR : Relative radicle length( RRL) ; #HXT IR 24 : Relative germ length (RGL) ; #HXT AR
T ; Relative radicle dry weight(RRDW) ; #HXJJI 2 T~ I ; Relative embryo bud dry weight(REDW) o

Note: Data with mark different letters in a column significant difference at 0.05 level.
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Table 2 Physiological characteristics of sunflower seeds under drought stress

SOD CAT POD MDA ATP
o
AT WA fr g BH D gy B0 pn gy BRI gy O
Drought  Control value Drought Control value Drought Control value Drought Control value Drought ~ Control value
35 203.56 195.52 1.04bed 0.39 0.06 6.49a 270.00 847.00 0.32e 19.40 10.45 1.86a 19208.06 1355.62 14.17a
118 217.78 465.71 0.47f 0.08 0.08 1.07¢ 19.00 46.00 0.4le 6.11 8.09 0.76g 9624.79 24043.67 0.40d
28 180.50 168.25 1.07b 0.04 0.03 1.12bc 1.00 106.00 0.0le 21.51 14.92  1.44c 5295.20 5066.07 1.05d
192 193.16 193.75 1.00bed 0.16 0.32 0.49¢ 141.00 278.00 0.5le 11.87 15.35 0.77g 2022.49 6263.11 0.32d
29 153.57 166.19 0.92de 0.11 0.37 0.28¢ 35.00 106.00 0.33e 24.82 21.72 1.14e 4708.53 32680.19 0.14d
184 191.04 191.58 1.00bed 0.20 0.12 1.62¢ 392.00 515.00 0.76de 26.49 25.76 1.03f 6751.35 46131.93 0.15d
50 197.09 205.87 0.96cde 0.09 0.12 0.81bc 118.00 137.00 0.86de 18.58 13.33 1.39¢d  1939.62 23418.80 0.08d
81 212.00 206.78 1.03bed 0.09 0.14 0.67¢ 213.00 77.00 2.77cd 21.38 20.86 1.02f 7012.43 1600.62 4.38¢
88 221.37 181.42 1.22a 0.63 0.29 2.20bc 266.00 90.00 2.96b 17.72 10.80 1.64b 15658.62 1422.94 11.00b
101 188.04 190.22 0.99bed 0.07 0.09 0.78¢ 53.00 101.00 0.52e 19.27 11.74 1.64b 6980.04 21073.70 0.33d
23 203.17 217.38 0.93cde 0.13 0.19 0.69¢ 177.00 173.00 1.02de 16.99 12.90 1.32d 20441.00 10967.73 1.86¢d
20 192.11 186.93 1.03bed 0.15 0.05 2.80b 29.00 97.00 0.30e 16.26 22.11 0.74g 5512.45 3181.33 1.73cd
53 190.88 190.82 1.00bed 0.03 0.03 0.8lc 32.00 42.00 0.76de 29.16 42.84 0.68g 13197.72 4520.20 2.92d
60 160.10 187.27 0.85e 0.03 0.03 0.96c 41.00 43.00 0.95de 14.19 40.77 0.35h 12597.79 5122.78 2.46¢d
64 198.26 195.84 1.0lbed 0.38 0.06 5.87a 67.00 76.00 0.88de 27.57 23.66 1.17e 9355.70 12218.12 0.77cd
k55 40.32  706.06 0.06g 0.06 0.40 0.15bc 874.00 89.00 9.82a 12.39 8.77 1.4led 4924.65 16260.95 0.30d
k58 190.13 181.48 1.05b¢ 0.07 0.79 0.09¢c 1452.00 416.00 3.49%c¢ 8.17 18.67 0.44h 20841.25 33618.97 0.62d
k59 196.96 204.49 0.96cde 0.05 0.25 0.19¢c 40.00 85.00 0.47e 9.81 12.77 0.77g 14024.45 5623.00 2.49¢d

T S AR IC A ] 7B BE7E 0.05 K 2R R

Note: Data with mark different letters in a column significant difference at 0.05 level.
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Table 3 12 indexes of correlation coefficient matrix
o o B s B R O A i
H Item CFORCE R REL SR IREL IR pop wmpa aTe
S e EiEE i KB K T T&E b T P AR aR
RGR RGE RGI RRL RGL ~ RRDW  REDW
FAX % 2% RGR 1
HART % 2F ¥ RGE 0.781°* 1
FAX A 2485 RGI 0.774* 0.861" " 1
AHXFHEAR K RRL -0.007 0.148  0.308 1
AHXFHEZF K RGL 0.488" 0.577° 0.587° 0.506" 1
AHXFHEAR T HE RRDW 0.308  0.266  0.219 -0.264 0.079 1
AHXFHEZE T H REDW 0.367  0.380  0.544" 0.446  0.660" -0.048 1
AT SOD 54 0.258  0.106 0.178 -0.458 -0.09%  0.078  0.229 1
AT CAT 754 -0.126  0.043  0.083  0.103 -0.227 -0.244  0.039  0.264 1
AHXE POD 76 1 -0.185 -0.127 -0.088 0.390 0.001 0.017 0.125 -0.660"“-0.238 1
HHXT MDA &4 -0.031 -0.201  0.029  0.40 0.011 -0.312  0.449 0.047 0.38¢ 0.113 1
AN ATP &5 i 0.414  0.362  0.619°° 0.298  0.147 -0.04 0.449  0.332  0.569° -0.028 0.45 1
H(Note): * : P<0.5; % *: P<0.1,
F4 BAEBAEMHHMREERBERRSEEESIEN
Table 4 The membership function of 18 sunflower material value and drought resistance comprehensive evaluation
- HME; HEE L & - 7;2? G R
Material S KE TE O THE e # K% SOD  CAT  POD MDA ATP LU
RL EL RDW  EDW GR GE GI (D)
35 0.7  0.30 0.02 0.3 0.80 0.72 1.00 0.8 1.00 0.03  1.00 1.00 1.392
118 0.58 0.68 0.001 0.00 0.79 0.8 0.43 035 0.15 0.04 0.27 0.02 0.66 13
28 0.40 0.40 0.00 0.36 071 0.54 0.40 0.87 0.16 0.00 0.72 0.07 0.77 6
192 0.24 025 0.01 0.10 0.48 0.05 0.16 0.81 0.06 0.05 0.28 0.02 0.41 16
29 0.54 0.99 0.03 0.8 074 1.00 094 0.75 0.03 0.03 0.5  0.004 1.003 3
184 0.08 0.13 0.02 0.16 0.02 0.00 0.007 0.81 024 0.08 0.45  0.005 0.36 18
50 0.18 0.4 0.02 0.02 077 0.45 0.39 077 0.11  0.09 0.69 0.00 0.67 11
81 0.00 0.00 0.03 0.1 0.5 0.57 0.38 0.8 0.09 0.28 0.45 0.31 0.63 14
88 0.79 1.00 0.04 1.00 1.00 0.9 0.9 1.00 0.33 0.30 0.86 0.78 1.49 1
101 0.73 025 0.02 027 035 026 025 0.8 0.11 0.05 0.8 0.02 0.67 12
23 0.65 0.61 0.01 029 0.05 0.02 0.02 075 0.09 0.10 0.64 0.13 0.56 15
20 0.4¢ 0.51 0.02 031 0.47 0.61 0.44 0.8 0.4 0.03 0.2 0.12 0.74 7
53 0.29 0.17 0.02 0.07 0.00 0.37 0.00 0.8 0.11 0.08 0.2 0.20 0.40 17
60 0.41 0.68 0.01 0.27 077 070 0.6l 0.69 0.14 0.10  0.00 0.17 0.71 9
64 0.65 0.51 0.000 0.01 0.43 0.8 0.8 0.8 0.90 0.09 0.54 0.05 0.97 4
K55 1.00 0.50 0.4 0.33 0.17 0.26 027 0.00 0.0l 1.00 0.71 0.02 0.70 10
K58 0.25 033 0.47 023 0.80 0.73 0.48 0.8  0.00 0.35  0.06 0.04 0.71 8
K59 0.22 0.61 1.00 0.21 0.83 0.80 0.76 0.78 0.02 0.05 0.28 0.17 0.88 5
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Table 5 Sunflower seed germination period 12 indicators related to the membership function of the integrated evaluation analysis

izt FJE R E itz sHJE R LR S BB RS

Indices WAHE D Indices PEME D Indices TEHE D
HAXF IR RRL 0.510" HART A 2F 28 RGR 0.658" AR CAT 151 0.558
MR ZEK RGL 0.560" HAXT A 27 % RGE 0.701* " AAXT POD I 1 0.025
AHXTHEAR T 8 RRDW 0.091 FAX K 8% RGI 0.910" * A% MDA i 0.509"
AHXSHEZF T H REDW 0.675"~ AHXF SOD T 0.224 AHX; ATP &5 4 0.745" "

H(Note): * : P<0.5; % * : P<0.1.
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