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Effects of NaCl stress on germination characteristics of safflower seeds

ZHAO Qin, CHEN Hongzhi’

(College of Bioengineering, Xinxiang Institute of Engineering , Xinxiang 453700, Henan, China)

Abstract: Salt is an important factor affecting seed germination and growth. To investigate the effect of NaCl stress
on safflower seed germination and growth, different varieties of safflower seeds were treated with 0, 0.2%, 0.4%,
0.6% and 0. 8% NaClsolution. The germination rate, germination potential, relative germination rate, relative germination
potential, root length, bud length, dry weight and fresh weight of the tested seeds were measured under salt stress. The toler-
ance of 7 safflower varieties to salt stress during seed germination was compared and analyzed. The results indicate that
the germination rate, germination potential, relative germination rate and relative germination potential of 7 safflower vari-
eties show a downward trend under salt stress. When the salt concentration is less than or equal to 0. 4%, the four indica-
tors of 3-10 and Yunnan saffllower seeds are all above 89.44%, and the viability of the seeds are strong. The vitality of
Xinjiang safflower seed is significantly lower than that of the other six varieties. The relative salt damage rate of safflower

seed germination in Xinjiang is the highest under salt stress. When the salt concentration is equal to or greater than 0. 4%,
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the relative salt damage rate is above 50%. While the relative salt damage rates of the 3-10, BH-1, H-7, Sichuan saf-
flower and Yunnan safflower range from —2.34% to 3.91%, and the safflower seeds are less damaged. The root length
and bud length of 3-10 and H-7 safflower varieties are superior to other varieties at a salt concentration of 0.4%. When
the salt concentration is equal to or greater than 0. 6%, BH-1 shows a stronger salt tolerance in root length and bud length
compared with other varieties. The fresh weights of seven safflower varieties show an overall decreasing trend under salt
stress. And under the same treatment, the fresh weight of Xinjiang safflower is lower than that of other varieties. Under
0. 2% salt treatment, the fresh weight of H-7 and Sichuan safflower are 2. 83 g and 2. 90 g, respectively, with no significant
difference from the control, and higher than that of other varieties under the same concentration. The fresh weight of BH-
1 under 0. 8% salt treatment is higher than that of other varieties under the same concentration. Compared with fresh
weight, salt stress has less inhibitory effect on dry weight of safflower seedlings, and even promotes dry matter accumula-
tion. By comprehensive comparison, during the seed germination of the seven safflower varieties, the local safflower

3-10, BH-1, and Yingju safflower from Xinxiang, Henan, as well as Yunnan safflower, have strong salt toler-

ance, and Xinjiang safflower has the weakest tolerance.

Key words: safflower seeds; NaCl stress; germination period ; germination rate
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Table 1 Effects of salt stress on the germination rate of safflower seeds

NaClk Rl b R LT AR 1 R 2R %
/% 3-10 BH-1 H-7 DU LT 4k ZHLLAE IvEFawid HEELT A

0.0 99.67£1.70Aa 99.33:£0.82Aa

99.44+0.96Aa 95.000.03Aa 95.564+-0.01Aa 90.00-+2.89aA

56.11£1.92aA

0.2 96.114+0.96Cc 97.24+0.96ABab 99.5040.47Aa 92.78+0.01Aa 93.8940.03Aa 88.33+2.89aA 46.11+10.71aA

0.4 98.33%0.21Bb 97.20%0.96ABab 98.33+1.67Aa 94.44+0.03Aa 97.7840.01Aa 93.89+3.47aA
98.894-0.96Aa 94.44+0.02Aa 92.78+0.02Aa 88.3347.64aA
95.564-1.93Bb 94.44+0.02Aa 92.78+0.04Aa 71.114+10.05bB 17.22+5.36bB

0.6  99.67%1.24Aa 98.89+1.92Aa
0.8  95.334+1.67Bb 95.00+=2.89Bb

27.224+4.81bB
27.2249.18bB

KRB FRRRERWNEE(P<0.01) NEFRFRRETF BEP<0.05)
Note: capital letters indicate extremely significant difference(P<C0. 01), lowercase letters indicate significant difference(P<C0. 05)

F2 HBENIEMFRFEHZI

Table 2 Effects of salt stress on germination potential of safflower seeds

NaClyg AR S Fh A B & 2R3/ %
B/ 3-10 BH-1 H-7 v i) 21 48 SRAE i 2 21 76 PO

0.0 97.224+4.81Aa 98.33+1.67Aa 92.78+1.92Aa 84.44+0.08Aa

93.8940.05Aa 90.564-0.96Aa 51.67+2.89Aa

0.2 95.004+3.33Aa 97.78+0.96Aa 96.11+0.96Aa 78.8940.04ABab 89.44+0.04Aa 88.89+4.82Aa 41.6748.33Aa
0.4 97.22+1.92Aa 83.89%3.85Cc 85.00%2.89Aa 72.78£0.08ABab 92.78+0.02Aa 91.11+0.96Aa 20.56+=8.55Bb

0.6 94.44+1.93Aa 91.1145.36Bb 57.22416.78Bb 71.11==0.06Bb
0.8 61.67419.22Bb 23.33%6.01Dd 50.89429.13Cc 52.22+0.07Cc

89.44+0.04Aa 87.78+4.20Aa 24.44+7.52Bb
83.89+0.10Aa 70.00=4.40Bb 13.89+2.55Bb

HREFERFRZEFWEZE(P<0.01),/NEFHFR2ET W (P<0.05)
Note: capital letters indicate extremely significant difference(P<C0. 01), lowercase letters indicate significant difference(P < 0. 05)
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Table 3 Effects of salt stress on the relative germination rate of safflower seeds

NaCl ¥k NG AR AL bR = YA
B2/ % 3-10 BH-1 H-7 Do I 1 4 ZRLAE 37 24 2T 1 F T Tawid

0.2 100.63+£0.01Aa 97.224+0.96Aa 100.604+0.12Aa 97.73+0.04Aa 98.25+0.02ABab 98.15+3.21Aa 82.18+19.09Aa
0.4 98.88+1.68Aa 97.224+0.96Aa 98.88+1.68Aa 99.43+0.01Aa 102.34+0.03Aa 104.32+3.86Aa 48.51+8.58Bb
0.6  99.44+0.97Aa 98.89+1.92Aa 99.44+0.97Aa 99.46+0.03Aa 97.09=0.01Bb 98.154+8.49Aa 48.51+16.36Bb
0.8  96.09=1.94Bb 95.0042.89Aa 96.094-1.94Bb 99.46+0.03Aa 97.08£0.04Bb  79.01+=11.16Bb 30.69=9.54Bb
T RE PR 22 SRk B3 (P <<0.01) /NG FHEFR 22 5 B3 (P <<0.05)
Note: capital letters indicate extremely significant difference(P<C0. 01), lowercase letters indicate significant difference(P < 0. 05)
x4 HPEMIEMFEMNZFENZMW

Table 4 Effects of salt stress on the relative germination potential of safflower seeds

NaCl g ASTa) B LT AE R AR X & 2R3/ Y
B/ % 3-10 BH-1 H-7 DU IILT A ZHLTHE IR 26 4T 4 B

0.2 97.714+3.34Aa 99.4440.98Aa 103.59+1.03Aa 94.024+0.11Aa  95.2940.02Aa 98.16+5.32Aa 80.65+16.13Aa

0.4 99.99+1.98Aa 85.2943.93Bb 91.61+3.11Aa 86.300.08Aa  99.0740.08Aa 100.61+1.06Aa 39.78416.55Bb

0.6 97.14+1.98Aa 92.66+5.54Aa 61.68+18.08Bb 84.95+0.14ABab 95.464-0.08Aa 96.93+4.64Aa 47.314-14.54Bb

0.8 63.46419.77Bb 23.7346.11Cc  25.15+1.8Cc  62.66+-0.13Bb  89.1740.08Aa 77.30+4.87Bb 26.884-4.93Bb
W REFRHFERESMEEF(P<0.01) ,/NEFRFRRESBF(P<0.05)

Note: capital letters indicate extremely significant difference(P<C0. 01), lowercase letters indicate significant difference(P < 0. 05)
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Table 5 Effects of salt stress on the relative salt damage rate of safflower seeds
NaClifk LIPS Y
B/ % 3-10 BH-1 H-7 LPIEAR3 ZHLAE g w HrALLE
0.2 1.594+0.96Aa 2.784+0.96Aa —0.56+1.26Bb 2.27+0.04Aa 1.75+0.02ABab  1.854+3.21Bb 17.82+19.09Bb
0.4 1.23+0.15Bb 2.32+0.57Aa  1.12+1.68Bb 0.574+0.01Bb —2.34+0.02Bb  —4.32+3.86Bb 51.49+8.58Aa
0.6 1.67+0.56Aa 1.10+1.92Bb  0.56+0.96Bb 0.544+0.03Bb  2.91+0.01Aa 1.85+8.49Bb 51.49+16.36Aa

0.8 1.67%2.32Aa 3.304-1.54Aa

3.91+1.94Aa 0.5440.03Bb

2.92+0.01Aa 20.994+11.16Aa 69.31+9.55Aa

W RE FHRFRER WG E(P<0.01) /NG FRFIRER B E(P<0.05)
Note: capital letters indicate extremely significant difference(P<Z0. 01), lowercase letters indicate significant difference(P < 0. 05)

=6

2h 18 X 21 72 4h 8 AR A< B 72 0

Table 6 Effect of salt stress on root length of safflower seedlings

NaClik A AP A AR K /em

B/ %% 3-10 BH-1 H-7 iplipawia FHLTAE O %6 4T 4 b AW i3
0.0 8.82+2.23Aa 4.87+2.64Aa  6.02-1.25Aa 3.12+-1.03ABab 2.68+1.51Aa  4.00+1.00Aa  0.3340.05Bb
0.2 583+1.74Aa  4.56+0.65Aa  5.33+3.06Aa 4.42+2.38Aa  2.03+0.68ABab 2.83+2.25ABab 2.40+2.33Aa

0.4 8.27+2.89ABab 1.4541.56Cc

0.8 0.7340.45Bb

7.83+0.58Aa 1.42+0.31BCbc 2.88+0.78Aa
0.6  5.96+4.85ABab 4.674+1.26ABab 2.33+0.76Bb 0.80+0.33Cc
3.03%3.04ABab 0.73+0.25Bb 0.604-0.25Cc

2.90+2.42ABab 0.36£0.11Bb
1.774+1.51ABab 2.67-£1.60ABab 0.404+-0.17Bb
0.4040.17Bb 0.3040.10Bb ~ 1.00%0.50Bb

FEREFRRRERWNEE(P<<0.01) /N FRERERBE(P<0.05)
Note: capital letters indicate extremely significant difference(P<C0. 01), lowercase letters indicate significant difference(P < 0. 05)

x7 HBMEXOEYEF KRN
Table 7 Effect of salt stress on the bud growth of safflower seedlings
NaClik AR FPELAE B 2F 1 /em
B/ % 3-10 BH-1 H-7 D )11 21 4 AL 22T A BT A
0.0 7.83+0.76Aa 5.93+1.62Aa 5.124+0.76Aa 4.054+0.09Aa 5.024+1.31Aa 5.40+0.85Aa 0.40+0.00Bb
0.2  6.33£0.29ABab 2.73+1.86Bb 3.834+1.04Bb 4.834+0.76Aa 4.73+1.05Aa 3.50+2.36ABab 2.164+2.08Aa
0.4  6.53+1.32ABab 1.83+1.04BCbc 5.17+0.29Aa 1.83+0.88Bb 3.38+0.78ABab 2.26+0.25BCbc 0.40+0.17Bb
0.6 5.12+1.53Bb 3.60£0.56BCbc  2.43+0.41Cc 0.7340.23Cc 1.93+0.76BCbc 3.00+0.00Bb 0.50=+0.20Bb
0.8 1.01£0.5Cc 1.0340.38Cc 0.83+£0.58Dd 0.30%+0.09Cc 0.55+0.48Cc 0.70£0.44Cc 0.30+0.10Bb

T KRG FRERR 28 SR 3 (P << 0. 01) /NG F B8 22 53 .35 (P << 0. 05)
Note: capital letters indicate extremely significant difference(P<C0. 01), lowercase letters indicate significant difference( P < 0. 05)

B v T A R AR A R ZE A 43 5 R 3. 03 em I
1.03 em, MR 2E A 2 2. 94, 5 T 46 97 88 21 48 P iy H:
54 SRR, H LRI, 3-10 . H-7 21 46 & Fh 78 5 1k
FE R 0. 4% B AR R ZF K i 1, SR BLOR T A 5t A o
IRV KT T 0. 6% B, 5H Al & A AR L, BH-1
FE AR A I 2K Ty T 22 B0 L A A 1 T R
2.5 HMmasuap G ERTEN YW
WFoE 2 W, T 5 R 5 R LA nT 5 b S B A BR
BT R o R AE B T E SR T A R
M) 22 /0 BE S AR ) B e i P R 55, N B TR HR R 2
— EEEMRE S YRR —E LR, HEKS
Mo nlZ0, Eh A T ,3-10 H-7 JU NI £04E . = e 41
A6 IV 2 21 46 1 i T A 2 R [ R B, L R vk
M 0. 2% BF, H-7 F10Y 1] 2176 ) fef 2 = 1 H Al 54
Bl 200k 2. 83 g #12. 90 g Eh il ™ BH-1 Y ff &

MRS LIRS, B3 0. 8% wf fif
HOR 170 g, o T HAD A s [F]— 4 R T SR L0 AR
ficf 5 YA DA R, ER R B R 0. 206 B BT ER 44
fif H A s, 0K — 45 5 R — Wk BT BT R 4L AR T
0. 2% h e J i AR X & 25 % A & ZE R RGO 2
KRR MEE R —3, HhAiabsm T BRprsar e, 1
b 6 4 i b T R R R B R R R
0. 8% Hf, 6 A~ £L 4L & Bl iy T 8 2 B4 [ & B 1) 7
L BTSN 0. 06~0. 32 g5 A R $h Ak BT B 8 41
A6 T 5 0 1 2 22 5, U A Ak W 2 48 4 i B R
Wy S5 1 I A AN L R E R T R R R
TEH
3 3 i

- 358 v 3 i A AE 45 FP AR 43, NaCl 52 i fi ™ 5 .
458 b g R 43 AR ) AR S AR ) S ) AR I 6



- 580 - BSBE 2% - NaClyift X 20 26 - 51 2 4450 10 55 0
x8 HMENAEYEEFNHIT
Table 8 Effects of salt stress on fresh weight of safflower seedlings
NaCl ANTR) P 2T 46 1Y) i /g
B/ % 3-10 BH-1 H-7 LPlIEAR3 ZHLAE g AW BT

0.0 3.254+0.2Aa 2.804+0.75Aa 2.83+0.15Aa 2.304+0.40Bb 3.03+0.21Aa 3.37+1.75Aa  0.67+0.20Aa
0.2 2.30+0.4ABab  1.37+0.55Bb 2.83+0.21Aa 2.90+0.10Aa 2.17+0.21Bb  1.734+0.38ABab 1.07+0.38Aa
0.4 2.404+0.32BCbc  1.27+0.15Bb 2.57+0.21Aa 2.27+0.06BCbc  2.27+0.15Bb 1.734+0.06ABab 0.80+0.10Aa
0.6 2.07£0.41Cc 1.7740.23Bb 1.304+0.2Bb  1.9040.20Cc 2.00£0.44Bb 1.57+£0.46Bb  0.77+0.21Aa
0.8 1.3040.3Dd 1.704+0.71Bb 1.304+0.1Bb  1.3340.57Dd 1.3740.51Cc  1.234+0.25Bb  0.704-0.10Aa

T RS F R R R 2 SR 835 (P << 0. 01) /NS F B RR 22 7 2 3% (P << 0. 05)
Note: capital letters indicate extremely significant difference(P<C0. 01), lowercase letters indicate significant difference(P < 0. 05)

x99 HpENAEYDYETENZN

Table 9 Effects of salt stress on dry weight of safflower seedlings

NaCl ¥ R A 1 T /g

B/ % 3-10 BH-1 H-7 Do 214 ZRLE O % 21 4 b
0.0  0.26+0.3Bb  0.24=0.07Bb  0.3240.08Bb  0.28+0.03Bb  0.26+0.08Bb 0.29+0.07Cc  0.400.01Aa
0.2 0.2940.01Bb 0.3940.08Aa  0.3240.02Bb  0.26+0.09Bb  0.25+0.09Bb 0.37+0.08BCbc 0.35-0.04Aa
0.4  0.23£0.02Bb 0.35+0.09ABab 0.2440.06Cc  0.59+0.18Aa  0.41+0.08Bb 0.45+0.05ABab 0.34--0.09Aa
0.6  0.2740.06Bb 0.2340.09Bb  0.2940.02BCbc 0.63+0.14Aa  0.36+0.16Bb 0.33+0.02BCbc 0.38--0.05Aa
0.8  0.48+052Aa 0.43+0.05Aa 0.35+0.13Aa  0.72+0.11Aa  0.68+0.14Aa 0.50+0.10Aa  0.34--0.03Aa

EREFRRREFNEEP<<0.0D) ,/NEFHRREREBE(P<0.05)
Note: capital letters indicate extremely significant difference(P<C0. 01), lowercase letters indicate significant difference(P < 0. 05)
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