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Fig. 2 The differences of 5 oil sunflower hybrids under water culture at different NaCl concentrations
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Fig. 3 The trends of soluble protein content of P50 (a) and P29 (b) at different concentrations of NaCl
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Fig. 5 Variation trends of MDA content of P50 (a) and P29 (b) at different concentrations of NaCl
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Fig. 6 The trends of SOD of P50 (a) and P29 (b) at different concentrations of NaCl
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Fig. 7 The trends of POD of P50 (a) and P29 (b) at different concentrations of NaCl
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Table 4  Significant difference analysis of physiological
and biochemical indexes of P50 and P29
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MDA % i/ (nmol - mg™") 0.5A 0.37B
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POD % 4/(U-mg™) 20.73A 14.58
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5 P50#1P29 BIAEER AW IEIRIITT £ 5T
Table 5 Variance analysis results of physiological and biochemical indexes of P50 and P29

oy A GRS -4 r:?’a‘% Pro /;e‘ii MDA é‘% SOD (ﬁfﬁ POD (Eﬁ
/(mg-¢g™) /(pgeg™) /(pmol *mg™") /(Usmg™) /(Usmg™)
i 1 1 1 1 1
NaCl ¥ & 2 2 2 2 2
Ak P[] 5 5 5 5 5
X NaCl ¥ BE 2 2 2 2 2
HHE A A B [ 5 5 5 5 5
NaCl ¥ B x4b B H] 10 10 10 10 10
AP NaCl ¥ i x 4b BRI 1] 10 10 10 10 10
B2 70 70 70 70 70
e 28.11 19.75 0.42 1.65 1049.93
NaCl ¥ i 2.75 858.64 0.87 29.90 98.94
AL PR f] 16.22 428.59 0.55 22.00 587.50
X NaCl ¥ B 5.17 71.01 0 0.04 35.80
T s < Ah T [ 6.45 21.42 0 1.05 59.69
NaCl ¢ J3 > b PR} 7] 0.83 71.65 0.05 2.79 22.87
rn X NaCl e B > b SR ] 0.64 26.89 0.01 1.43 7.75
B2 0.01 0.41 0 0.15 0.27
i 2012.88 47.59 472.89 11.16 3951.25
NaCl ¥ J& 196.79 2069.13 986.77 202.75 372.35
bR E] 1161.59 1032.81 627.89 149.17 2210.97
Pl FXNaCIVRE 370.27 171.12 5.51 0.27 134.71
st b B[] 461.75 51.61 521 7.13 224.63
NaCl i J3 > b B 1] 59.35 172.66 56.86 18.95 86.06
rn X NaCl v B > b SB[ 45.85 64.81 6.40 9.68 29.15

FRARTE) H B2 AT R 2 R R P A S 5 s AL PR L (H
SR IR 2 AN ER AT 2257 (0T H S b AP E R b aa 2R B
AR PR R A SR ITIE , BEAES A B A= AL A9 J2= 1 4% 17
H SR ER LI A5, n] LA E iR iS5 fa il ik s 2 H A
AR 4 S HE L DA ) R s miy A AR S &, A 7K -F 4
71 1) H S 0 07 £ Jp 3 A9 s R AT, 5 DAy i 56 000 5 2 P 942

38 AL 7 B T B R I R B S

4 4ig

TEA ] NaCLH FE A, AR5 K8 B R 1 0 XAk
FHIZE S AR A BT M A AR 22 5. B X PSO FIT P29 AR
PRAALAEFRAGIIAE | & P8 NaCl 3 i £5 5 Al A Eh U
PITMZE L) A 153, NaCl v B b s 7 3Bk, (HR B Aok

W5 R R i 2 240 3 /0, SR R

100

ZRMIER . P50

H1P29 1) £ 350 A= AR AU AR AE ] — Sl FPAS [a) ik B2 AN [i) ot e
AHIR) I 2 e SR B AN [R] () 22 57, 58701 B T T
R AR S Al R TS 1) L RE 1 IE AR [E] . PSO R 2
B B A (AR AR AE W0 ) AR AL A B 5 e 60 ) [ S 4 A
s T P22, UL PSO 78— Wk B NaCLIME ™ A B —
RE ST, LA/ NaCl Xt Hoxt i i 4 5% 5 P29 1R 2 804 iR
A FEBRTE W30 ) 0 AR fb A B G5, B ol 260 B[] A28 RO B
Vi A BVt R 16 2 1) NaCl i, % P29t 23 i3 3 , P29 Xk
BRI T RE 14822

B30k (References)
[1] Munns R, Tester M. Mechanisms of salinity tolerance[J]. Annual Review
of Plant Biology, 2008, 59: 651-681.
[2] AT b, BRAEHT. 36 R R L PR S R AR L3R, 1999,
30(4): 158-159.



RS 2016,34(7)

2,

Yu Renpei, Chen Deming. Saline soil resources and its exploitation and
utilization in China[J]. Chinese Journal of Soil Science, 1999, 30(4):
158-159.

[3] Zhu Jiankang. Plant salt tolerance[J]. Trends in Plant Science, 2001, 6:
66-71.

[4] FBEHS, XIIEE, XA K, 5. RRK W XHREE 7 25 ) 0 284

B AR R B RIS FE A SONEL | m ARl K241k, 2004, 27(2):
88-90.
Zheng Qingsong, Liu Zhaopu, Liu Youliang, et al. Effects of salt and
water stresses on growth and ionic absorption and distribution in
Salicornia europaea, Aloe vera and Helianthus annuus seedlings[]].
Journal of Nanjing Agricultural University, 2004, 27(2): 88-90.

[5] Bi%Zz, IJ% INEF. IRIRIZ RN NaCl it R 1) H 25403 S0
RIS, 2438, 2013(3): 131-135.

Yan Hong, Lhao Wei, Sun Lingling. Planting division of oat in Bashang
platau[]]. Crops, 2013(3): 131-135.

[6] AT, B2, [y H ZEAS [ ft P it 6 el 5 i 1)

FA 53R 5 M £ 2441, 2002, 23(6): 34-36.

Wang Guiqgin, Duan Yajun. Comparative study on salt tolerance and

SEH LU S,

anatomical structure of different cultivars of different varieties of
sunflower[J]. Journal of Zhaowuda Mongolian Teachers College, 2002, 23
(6): 34-36.

[7] SRARTE, BRI, sRFe, S5 o) F S0 EhI0e 45 1 4 B R, R T
PEWFSELT]. A EYI£4R, 2003, 25(1): 45-49.
Zhang Junlian, Chen Yongsheng, Wu Jiling, et al. Physiological
responses to salt stress and salt tolerance of sunflower[]J]. Chinese
Journal of Oil Crop Sciences, 2003, 25(1): 45-49.

[8] Iz, 434, MRANAR, 55, EhIP0 X8 A BLAE AL SR AR A S0

[J]. YEZAE, 2011(2): 32-35.

Yue Yun, Li Fu, Chen Bingdong, et al. Effects of salt stress on
physiological and biochemical indexes and yield of oil sunflower[J].
Crops, 2011(2): 32-35.

(9] fLAR, S, B AR, 3"? FOES AR NEIED A et SN E R RS
BYFEIAT]. LBHAR L R 2E 254, 2004, 35(5): 414-416.

Kong Dong, Shi Haibin, Huo Zailin, et al. Effects on growth of
sunflower under different saline soils in the Hetao irrigation area[]].
Journal of Shenyang Agricultural University, 2004, 35(5): 414-416.

[10] JE# &, Xk, I‘ff%ﬁi_‘, A g K AR 1) H S A AR K B —
Sk PRI )], FE F IR, 2004, 21(6): 667-672.

Tang Qizhi, Liu Zhaopu, Chen Mingda, et al. Effect of seawater on the
growth and leaf oxidative metabolism of sunflower seedlings|J].
Chinese Bulletin of Botany, 2004, 21(6): 667-672.

[11] BRAaxdl, skibiT, Faug, 5. B5xrEhmhin S5 T s 4 i AR s
PA G TR 2Rl L%, 2008, 36(35): 15336-15338.
Chen Quanzhan, Zhang Bianjiang, Zhou Feng, et al. Effects of Ca on
growth  rate  and  antioxidant  enzyme  activities of  oil
sunflower seedlings under salt stress condition[]J]. Journal of Anhui
Agricultural Sciences, 2008, 36(35): 15336-15338.

[12] Lu Jinglin, Gao Yanjuan, Chang Yujiao, et al. Effects of exogenous
VC on seed germina and physiological properties of oil sunflower
(Helianthus annuus) under salt stress[J]. Agricultural Science &
Technology, 2015(3): 500-503.

[13] L E Bk, Beafl, Tig0e, 45, M Ehm F 38443 T 4 e 0t 1 S LS
FE[1]. AL 24, 2012, 27(5): 127-133.

An Yulin, Hou Jianhua, Yu Haifeng, et al. Identification and

screening of hybrid of salinity sunflower and mechanism studying of

SCIENCE & TECHNOLOGY REVIEW

salt tolerance[]]. Acta Agriculturae Boreali—Sinica, 2012, 27(5): 127-
133.

[14] XU, W, 2
2007(3): 4-7.
Liu Xiang, Xu Ming, Li Zhiwen. Study on salt tolerance identification

2R3 Tl v T R M R BRI AR ()] LT 2,

index of tomato seedling stage[]] Northern Horticulture, 2007(3): 4-7.

[15] XU, sK3ERN, 5K 3¢, 45, N TAHNER BRFREE0 ) H 200715 & L4
AR AT YEREAR, 2008, 34(10): 144-151.
Liu Jie, Zhang Meili, Zhang Yi. Effects of simulated salt and alkali
conditions on seed germination and seedling growth of sunflower
(Helianthus annuus L.)|]J]. Acta Agronomica Sinica, 2008, 34(10): 144~
151.

[16] ZLBE, T, XTI, [ F S0 E 00 Y SN SR TERAL L B 5T
HERE)]. S ALY, 2008(6): 23-25.
Nie Hui, Yu Haifeng, Liu Haoming. Response of sunflower to salt
stress and its salt resistance mechanism[J]. Inner Mongolia
Agricultural Science and Technology, 2008(6): 23-25.

[17] §1FR, £F57. SMEKGRRXT G0 T 368 13 1845 Y BRI 3
FEEIG PERYSEIALT). LI B2, 2010, 12(2): 44-46.
Hu Chunxia, Wang Xiuqin. Effects of exogenous salicylic acid on
osmotic adjustment substance and protective enzyme activity of rape
under cadmium stress[J]. Journal of Anshan Normal University, 2010,
12(2): 44-46.

(18] JH, 22502, XIHEH. EhA R P REFR SOD A1 POD K Jifi 2 8l
AAFFE[]. FEPIAFEE, 2004, 24(1): 115-119.
Lu Jingjun, Duo Li‘an, Liu Xiangjun. Changes in SOD and POD
activity and free proline content of Lolium perenne and Festuca elata
leaves under different levels of salt stress[J]. Bulletin of Botanical
Research, 2004, 24(1): 115-119.

[19] TP, RRUEK. FHeZ2 X ELHRMA Y 2 b ik
15(3): 625-629.
Wang Bo, Song Fengbin. Response and adaptability of oats to saline
alkali stress[J]. Ecology and Environment, 2006, 15(3): 625-629.

[20] LT, B, B EEE, 55, P TG R U P A s BRAILARIT]. 2R
Y TAEE4R, 2001, 17(2): 121-125.

Du Xiumin, Yin Wenxuan, Zhao Yanxiu, et al. Generation and

N A ASEREE, 2006,

removal mechanism of reactive oxygen species in plants[]J]. Chinese
Journal of Biotechnology, 2001, 17(2): 121-125.

[21] Takemura T, Hanagata N, Sugihara K, et al. Physiological and
biochemical responses to salt stress in the mangrove, Bruguiera
gymnorrhizalJ]. Aquatic Botany, 2000, 68: 15-28.

[22] M, XA, TR AR R A A B [T, AEH~# 4R, 2005,
31(2): 264-266.

Wang Liyan, Zhao Kefu. Some physiological response of Zea mays
under salt-stress[]J]. Acta Agronomica Sinica, 2005, 31(2): 264-266.
[23] BB, FhMh IO X IR T PE 2R 4y f A K2 e A BIFSED]. 1 5 F 5

Rl R, 2006.
Sui Dezong. Effects of salt stress on seedling growth of willow clones
[D]. Nanjing: Nanjing Forestry University, 2006.

[24] Bai W B, Li P F. Effects of salt stress on growth of and absorption
and ransportation of K* and Na® in I. Lactea var. Chinensis[]J]. Soils,
2005, 37(4): 415-420.

[25] M52, BEIRSG, whilkdit. JLANER A AR iR AR B AR AU UFSE (], L
FYI2AR, 2000, 20(5): 818-825.

Xiao Wen, Jia Huixian, Pu Lumei. Studies on physiological index of

some halophytes|[J]. Acta Botanica Boreali—Occidentalia Sinica, 2000,

101



2,

S 2016,34(7)

SCIENCE & TECHNOLOGY REVIEW

20(5): 818-825.

[26] XUME, {5, FNEEHE. NaClJPPE XA [ i b i H 2% A SRR 19 52

WR[T]. PASE ey RO R4t HARBEIR, 2006 (5): 525-527.

Liu Peng, He Ruixia, Sun Haiyan. Effect of NaCl stress on the
different sunflower’s seedling of physiological characteristics|J].
Journal of Inner Mongolia University for Nationalities: Natural

Sciences, 2006(5): 525-527.

[27] FM, BXRHL, FEMAL, 45, NI A R R BT 5] T 5

X ARV AFSE, 2011, 29(4): 29-35.
Wang Jing, Zhao Yonggan, Pang Huancheng, et al. Study on salt

tolerance of different edible sunflower cultivars in germination stage

[28] X iE2F, KACHE, T ¢8R, 5. NaClJWpae %t fm H 35 fp i & (14 5

[J]. 5, 2011, 30(11): 24-27.
Liu Haixue, Zhang Dongmei, Ding Xuewen, et al. Effect of salt stress
on seed germination of sunflower{]J]. Seed, 2011, 30(11): 24-27.

[29] b, B, ELLM, 4. IRG EhMa xS OR g Pk B T 2

JBEAE P N HE F2 AR S IR A S R 0] 5 RO, 2012, 30
(1): 149-151.

Pei Huaidi, Wu Kesheng, Wang Hongmei, et al. Effects of mixed salt
stress on protective enzyme activity, cell membrane permeability and
main agronomic characteristics of oil sunflower[J]. Agricultural

Research in the Arid Areas, 2012, 30(1): 149-151.

[J]. Agricultural Research in the Arid Areas, 2011, 29(4): 29-35.

Identification and screening of salinity oil sunflower hybrids and effects
of salt stress on the physiological characteristics in the seedling stage

ZHANG Yanfang', SUN Ruifen’, GUO Shuchun’, HOU Jianhua'

1. Agronomy College, Inner Mongolia Agricultural University, Huhhot 010019, China
2. Inner Mongolia Academy of Agricultural & Animal Husbandry Sciences, Huhhot 010031, China

Abstract 5 oil sunflower hybrids, P6, P29, P65, S13 and P50, are used to study the plant morphologies of the soil culture at 3 different
concentrations of NaCl, 300, 350 and 400 mmol/L, and the plant morphologies of the water culture at 3 different concentrations of NaCl,
100, 120 and 150 mmol/L. The tolerance to the salt stress is identified for the water culture with 9 day’s treatment of 120 mmol/L. NaCl
Five physiological and biochemical indexes, including the soluble protein content, the Pro content, the MDA content, the SOD activity, and
the POD activity about the salt—tolerance of water cultures of P50 and P29 are determined by two treatments of 120 and 150 mmol/L
concentrations of NaCl, to investigate the different responses to the salt stress among oil sunflower hybrids. Results show: 1) The salt
tolerance capacities of five oil sunflower hybrids are in the following order: P50 > P65 >P6 > S13 > P29. With respect to the degree of salt
tolerance, P50 and P65 are very strong salt—tolerant types, S13 and P6 are moderate salt—tolerant types, P29 is a very weak salt—tolerant
type. 2) Five indexes show a very significant difference between P50 and P29. 3) Five indexes show very significant difference by
comparing with different concentrations of the same species of P29 and P50. P50 shows a strong resistance to the salt stress.

Keywords oil sunflower hybrid; salt stress; salt tolerance; physiologic and biochemical indexes
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