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Tab.1 Physical properties of experimental soil
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Fig. 1 Effects of saline-alkali stress on organic osmoregulation substances of Helianthus tuberosus
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Fig. 2 Effects of saline-alkali stress on MDA content and antioxidant enzyme activities of Helianthus tuberosus

(P<0.05) . H & 2¢ AT A1, £R 6038 120 d, 5 CK 41
FHLE , LS A1 MS 2 CAT 3% 14 43 51 5k 2 34 i 67.209% 1
84.29%(P<0.05) . TN ERALMHE 150 d, LS FIMS 41
CAT 1 PER CK 2537138 /1 81.66% F1192.38% , ¥4 ik
) 5 22 5 (P<0.05) o EDE LR rf, CAT {6 PETE
ZH ] [ RE R I MS 4 >LS 4 >CK 4, i &l 2d 7]
1, MS 41 POD 17 M 75 I 2 W 1) 3 8 3 & T CK 41
(P<0.05) , Ferp AEEh ik PrE 120 d, MS 415 CK 414H
LU I ZE N 22.77% , i AE SR8 150 d 2 3 3G 0
25.20%(P<0.05) . FEME W FEH, LSZH POD & P4
CK 26 43 5 38 A 1.509% F1 18.11% , ¥ K 35 3] I &
Z5,

[ F, X SOD . CAT 1 POD i Pk #4770 M7 I &
B, AR i R, R B) 87 S ER B A S, MS 4
SOD i 4 5 LS 4 AH Lb , th Eh P8 120 d 1Y 1.48%
B3 3.57% , 20 18] 22 5% A 3 5 7 CAT % 14 M
10.22% K 2 5.90% , W ARAFAE B F 2257 . POD i
PEN S RGPS A TS, 2R 00 120 d, MSZH POD

TP LS 4 5 2 391 20.96% (P< 0.05) , 11 3] £5 75,
il 150 d D) 23600 6% , HLFi# ) 25 Rt AN 3,

3 i

MAE Y A2 BN ER A, 7 B 0] A L
B 375 8 70 W) R A £ B B, RIS MR AT v
I 2R S A DL BB R W B, ek T
B R A RS A AR A
FEFRMA G EAE LT 150 d ER B 5 , LS A MS 44
AL PERE S R A R & B W & T CK A (P<
0.05), P 3Rk FE RS I, A TERE B
I R 7 B A N T e, ELI R 1 B T o B
i, KW A0 32 FREE 30 I, 240 i 32 375 34 mT 3
Job B 2 M R ARG I ] v e S A R AR R A T M
I, N ORI AL R 548 5 2 g . X 5 I (Salix
matsudana ) W AT S RN IR 2008 7 fe: Bl S ey
SER7 33 % N D) IR A Y S SR G | O € =
SETHEXT AL B 1S (Medicago sativa) FWF5E Th 145



9 B IA5E SR8 X A B B Y KB AL R S R 1469

B T ASE I, AN TS PR A 20 & e —
FEFREE B AT DA Rt $h o vk A B e bR . AT R
PR AP A P B ZE A2 0 T 1T ) T, AR A A L R 2
BT BT AT 1 LA TR T LR
Yyt 7 20 A 2H 20 oK M DT AR AE S 5 ik 38
Ho ARSCEISAIGE LB, AR T AT A 5 A0
GRS i, TS TR R e AR R RE R B P AR
Jofp 568 ) 164 RT3 fin ) e e (B AR ER A8 120 d
W] 25 7 IF A W2 X 5P (Zelkova serrata) TEZE
T3 21 dAS[RIRR BE SR b0 J5 AT A PR R 1 B s 2 1 Y
I AFLAS AL B2 () 2 5 AN S 3 A 4 AR L, 6B DU R
{18 6 R 8 I B e R A mT i A A
ERME 150 d, 2H ] A] PR A 5 i B R psa 5
JFE By 3G I G ELAR B B3 25 57 (P<0.05) , iX &
W st ) ER B 8 fE 1 T 28 2F PT PE R U B 1,
DA IHOR 22 i i8R i 1 3

N SR S E R 37 N B/ RN R S R EOR A e
AARI R B AP, A2k 7 A2 L MDA SRR IR BT
TSR =Y, X P 2 X6 BT AN RS ]
iF, AFL ) A0 R A T B T — & 5 #E BT A AL
RGBT R R A b B B ES M 4 A
FI TR IEAS 0 5e 8 v . Horp, MDA 117 A S48
PR H RS 2|k, AR S e T AR A Y
H H RS DT 2R B 1 AR R X A58 3 1 i iy
REJI™ o ARWEFE R B, ERBUME A 120 d, LS FI MS 41
MDA &5 [ CK 478 25 25 5, $h0Ubia 150 d,
MS 21 3% 3 MDA 5 £ 3¢ H At 795 25 A W3 4 1 315 o
P, QIR FEER ORI, AR B L A R,
TP (Cyperus esculentus )M H MDA £ 39 0 &
B AR v BE SR BRI A T, MDA &5 5 B E 4 m,
X 5 7K FE (Oryza sativa) | 5 5 (Sorghum grains ) M F
H MDA B & AR AR A — 30 X UL AE Y 4G
FTEAR VR B R B8 T 32 BN A 3 N, ek BE R
RPN IE T 32 BA KA E . TEARSE Y, LS 21 31 i
SEFTEERBRTNE 120 d A1 150 d \MS 235 B 2h AL 7F
R IE 120 d 52 B F 3/, MS 21 23 2 251
FEER BRI 150 d 32 3 ™ E A5

AR A AR AR N 27 A K S A
Yy B B i i b HT AL B 1 (SOD . CAT . POD) i
BRI 480 I FR 2, 3306) T A0 3 o 0 45 AR 24
FRFHREMH . SOD EER A H LA N
H,0,, CAT #1 POD £ Z35 brad Ak o g w5t

A R BT T P A LR RS TEE,  E AT LA
K ILAE 2 D — Bk [a] () 5 0 W38 5, 46 25 R N
SOD . CAT . POD {i5 1 145 W] . 1 5 , H ER Bl oif F
K ISR i o X ST AR SR A b A
(Chimonanthus praecox ) " G LELARML . [ EE
AR AE T ARG A, A X = A B P AR AL Rl
AR Rl iR B AN A KA AR TR T A T 25 5% . SOD I 14
I CAT 175 14 & A A — 3, 7R 5 19 8] MS A1 LS 21
Y355 T CK4H(P<0.05) , VLA 4G e Eh e
I E B EATHLE, 5 SOD IR R VE BR A N
A 0,7, [a) I 38 3 42 755 CAT 36 11 5 43 i SOD 7 1k
77 AR HLO,, Bl R B30 R i 03 5 . AR B
150 d, MS ZH CAT 77 14 A 84 e 235 458 LS 2H A7 B AR Y
B, ULEHTER B AR BREAEE T, A s (] ()
HABRE CAT IETTTIRE . HETC A I B, 1l
YR NSRRI R A — TR L R EVERT, mifE
Foip 6 58 FEE KT HR AR ST, 1 B M 2 A, R
A S THRE R R . T POD i 1 26 BLAS R P &
A A, 7] LLA R AEEL B E 120 d #1150 d, MS
ZH POD ¥ 14 1 35 5 T LA P4 (P < 0.05) , 1fi LS 4
5 CKAARAAE 25 5, X A] g2 Ak B 25 ksl
iy S ] B4 FIE K, v 1 1 Y SOD il 350 MS 2 462
TR HL0, Y R R R T3 S A0 0 1 175 ok e A
POD fili ™', POD Ak S Ak A FH AT LA 3 8 25 il
REHA G W I A WA 3 7 B B, T e
i A

4 &

ENEEN SR R S AN N
RN IDIRE et A S K SETIN 373 R 7/ riked e
PRIEHN, EHLAEER A 150 d, LS MS 2H 35 2E i 7]
R O AT MR R R & i R IR K
A Bl O 0 5 RGBS N, 455 A SoD
POD | CAT &8 i A AL i R G i MR An 2 3R 8t b7
A ABEE LR e T 4 AR K, MS 4L CAT i
PR HE IR A LS 40T FRAR e 3 . AP AEAR =
5 B ) ERAREAEE T, AT [a] A JBira 23 BRI CAT ()38
TR, ZE LR, SRR A T, 25 T A A L
BB Y R A R G0N R T R R
L0 2006 PN A1 7K ST R 4 g 1) 2 2 e, S PR
iR 17T 35 BSOS A 40 A A A g A s e, AT PR UE S 1
B ARG Bl o 0 Y A 5 R A A Y 7R A7 R



1470 TR KB 5 40
JIit, 33 R E A RE S 22 B — E R LI ming, Zhang Xiyang, Pang Qiuying, et al. Physiological response
of sprouting Jerusalem artichoke tubers to saline-alkali stress[J].
%%imk ( References) . Acta Ecologica Sinica, 2017, 37(4): 1244-1251. |
[13] T%%'ﬂ o FHL ARBRER, 45, SRBR X B PR BT R Sl A I

(1]

2]

(3]

[4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

Parida A K, Das A B. Salt tolerance and salinity effects on plants:
A review|]]. Ecotoxicology and Environmental Safety, 2005, 60(3):
324-349.
Munns R, Tester M. Mechanisms of salinity tolerance[J]. Annual
Review of Plant Biology, 2008, 59(7): 651-681.
SKF, BER M, FAT . FhOEE XA B N B A i
BRI VR, ZRIEARL R, 2018, 43(4): 11-16. [Zhang Lei,
Hou Yunpeng, Wang Lichun. Effect of alkaline salt stress on plant
and method of enhancing saline- alkali resistance[]J]. Journal of
Northeast Agricultural Sciences, 2018, 43(4): 11-16. |
Wang W X, Vinocur B, Altman A. Plant responses to drought, sa-
linity and extreme temperatures: Towards genetic engineering for
stress tolerance[J]. Planta, 2003, 218(1): 1-14.
Rozema J, Flowers T. Crops for a salinized world[J]. Science,
2008, 322(5907): 1478-1480.
AR SCH, BRSO B SR AL A TR D], A A B
i, 2018, 54(5): 718-724. [Deng Wenhao, Lv Xinfang. Advances
in studies on salt-tolerance mechanism of Zostera marina[J]. Plant
Physiology Journal, 2018, 54(5): 718-724. ]
Qi X L, Xu W G, Zhang J Z, et al. Physiological characteristics
and metabolomics of transgenic wheat containing the maize C4
phosphoenolpyruvate carboxylase (PEPC) gene under high temper-
ature stress[J]. Protoplasma, 2016, 254(2): 1017-1030.
e, ANHAR, IR0, 4. ShBUPR0 XTI 4l A ICRE &
VE W) B B2 )], AR AR, 2017, 37(24): 8511-8517.
[Li Ziying, Cong Richun, Yang Qingshan, et al. Effects of saline-al-
kali stress on growth and osmotic adjustment substances in willow
seedlings[J]. Acta Ecologica Sinica, 2017, 37(24): 8511-8517. |
FEHE, TEARA -7, BRI NaCl it X Bi] 5 47 54 v i
SR A R R PR RS2 R[], R A S 241, 2005, 6(43):
119-125. [Yuan Lin, Karim Ali, Zhang Liquan. Effects of NaCl
stress on active oxygen metabolism and membrane stability in Pis-
tacia vera seedlings[J]. Acta Phytoecologica Sinica, 2005, 6(43):
119-125.]
ﬁﬁﬁ}z SR, IR A0 ER BRI )5 N HLERR
1. R S A AR A R R, 2020, 39(10): 41-49. [Xu Panyun, Wu
Yuxia, He Tianming. Research progress on adaptation mechanism
of plants to saline-alkali stress[J]. Chinese Wild Plant Resources,
2020, 39(10): 41-49. ]
EER, RO, ARIGEAR, 55, EhBUPHE X BE A At oL S R
LA R BRI []. B M~ 41, 2021, 29(8): 1689-1696.
[Wang Baogiang, Zhao Ying, Zhu Xiaolin, et al. Effects of saline-
alkali stress on photosynthesis characteristics and antioxidant sys-
tem in Quinoa seedlings leaf[]]. Acta Agrestia Sinica, 2021, 29(8):
1689-1696. |
FRARI, ST, PERKE, 2. W 2F A4 PR R ER Al 0 Y
Az PR S [J]. A2 A5 2F 4, 2017, 37(4): 1244-1251. [Han Dong-

[14]

[15] z=

[16]

[17]

[18]

[19]

[20]

[21]

[22]

G [J]. HOl B2, 2018, 35(12): 2915-2923. [Gao Kai, Gao
Yang, Zhu Tiexia, et al. Effect of saline-alkali stress on tuber ger-
mination and seedling growth of Helianthus tuberosus|J]. Pratacul-
tural Science, 2018, 35(12): 2915-2923. |
TRERK, 2, . YA PR R B M. bt B
2%t W4k, 2011. [Zhang Shuqiu, Han Yuzhen, Li Yun. Plant
Physiology Experimental Technology Course[M]. Beijing: Science
Press, 2011. ]

B A AR BA AL SR B RIBOR M), b5t mAEHE
R %1, 2000. [Li Hesheng. Principles and Techniques of Plant
Physiology and Biochemistry Experiments[M]. Beijing: Higher Ed-
ucation Press, 2000. |

VIR, X VEIE, B EE. NaCl Wi X B A 4l 4652 375 0 15 ) ot
K BRI R )], A AR BRAE R, 2017, 53(3): 470-476.
[Sun Congcong, Zhao Haiyan, Zheng Caixia. Effects of NaCl stress
on osmolyte and proline metabolism in Ginkgo biloba seedling]J].
Plant Physiology Journal, 2017, 53(3): 470-476. |

§K7]<%?_ TEIEAD, BN, 45, 08 IE 0 i 540 BT A BRI

A5 MR [J]. &0l 27 41, 2009, 18(4): 230-235. [Zhang Yongfeng,
Liang Zhengwei, Sui Li, et al. Effect on physiological characteris-
tic of Medicago sativa under saline-alkali stress at seeding stage
[J]. Acta Prataculturae Sinica, 2009, 18(4): 230-235. ]

X GUHE, IO, TESCHE, 2. SRARUBME X R 4y Y Y
SEMR[)]. R 2Fm AR, 2020, 26(1): 16-18. [Zhao Zhuoya, Yuan
Linfang, Wang Wenxiao, et al. Effects of saline-alkali stress on os-
motic adjustment of Zelkova schneideriana seedlings[J]. Anhui Ag-
ricultural Science Bulletin, 2020, 26(1): 16-18. ]

Amiri A, Baninasab B, Ghobadi C, et al. Zinc soil application en-
hances photosynthetic capacity and antioxidant enzyme activities
in almond seedlings affected by salinity stress[J]. Photosynthetica,
2016, 54(2): 267-274.

GRS, RS, SR, AF RS SRRUM0 XS T A R R A
IREGFZ M), 5 X GRS 35, 2022, 36(10): 185-192. [Liang
Peixin, Tang Rong, Guo Rui, et al. Effect of mixed salt-alkaline
stress on growth and physiological characteristics in Cyperus escul-
entus L.JJ]. Journal of Arid Land Resources and Environment,
2022, 36(10): 185-192. ]

Hazman M, Hause B, Eiche E, et al. Increased tolerance to salt
stress in OPDA- deficient rice Allene Oxide Cyclase mutants is
linked to an increased ROS-scavenging activity[J]. Journal of Ex-
perimental Botany, 2015, 66(11): 3339-3352.

T, B, 1), SF. NaCl 30 X B A R B i i ss S b -1
RN FRERE R SZ R[] VIR AR RLE, 2018, 46(18): 55—
57. [Xu Ning, Cao Na, Wang Chuang, et al. Effects of NaCl stress
on seed germination and seedling physiological characteristics of

wild and cultivar sorghum[J]. Jiangsu Agricultural Sciences, 2018,



918 B PIGE RTINS X 4GB B IR Y ST R SR R 1471

46(18): 55-57. | [26] ZRiGalE, AbAR, T, 55 NaClJHria Xt 5 45 A i g A 4 K 2R 3

[23] ZEEAf, SR, AQDUNE. A LA BT ER B30 11 £ B 7 A, FREERYSEMRD]. ZRIEARAL R 22440, 2021, 49(3): 31-38. [Li Hai-
JLHER BIAE)). PR3, 2014, 34(6): 1213-1219. [Li Yu- yan, Shao Jincai, Wang Jing, et al. Effects of NaCl stress on the
mei, Guo Xiuwu, Dai Hanping. Physiological response of Rubus growth and physiological characteristics of five- year Chimonan-
crataegifolius bges. seedlings to saline stress and its salt tolerance thus praecox|]]. Journal of Northeast Forestry University, 2021, 49
threshold[J]. Acta Botanica Boreali-Occidentalia Sinica, 2014, 34 (3): 31-38. |
(6): 1213-1219. | [27] Meloni D A, Oliva M A, Martinez C A, et al. Photosynthesis and

[24] T2, AL, XIER, 25 ERBEA T 2 A AR TS PR 2Rk activity of superoxide dismutase, peroxidase and glutathione re-
U] TEIR AL B2, 2015, 43(5): 209-211. [Wang Xin, Zhu Yue, ductase in cotton under salt stress[J]. Environmental and Experi-
Liu Binshuo, et al. Changes in antioxidant enzyme activity of Ley- mental Botany, 2003, 49(1): 69-76.
mus chinensis under salt alkali stress[J]. Jiangsu Agricultural Sci- [28] HI/INGE, BRI, Dz, 4. B R T y-2058 T RN 1 oK %)
ences, 2015, 43(5): 209-211. | T SOD . POD Jz CAT ¥ 1 By 5% W [J]. S50 25 #2442, 2005, 38

[25] 2Rk, B, A0 B A X IR TER IR 18 A A MR T, SR e VLA (1): 75=79. [Tian Xiaolei, Wu Xiaolan, Li Yun, et al. The effect of
PR, 2018, 61(1): 168—170. [Li Bo, Lin Hao. Physiological re- gamma- aminobutyric acid in superoxide dismutase, peroxidase
sponse of alfalfa to soda saline alkali stress[J]. Heilongjiang Ani- and catalase activity response to salt stress in maize seedling[]J].
mal Science and Veterinary Medicine, 2018, 61(1): 168-170. ] Journal of Molecular Cell Biology, 2005, 38(1): 75-79. ]

Effects of saline-alkali stress on organic osmoregulatory substances and

antioxidant enzyme systems of Helianthus tuberosus

QIAN Yue', LI Siyuan'’, RAO Liangyi"
(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2. Engineering
Research Center of Forestry Ecological Engineering of Ministry of Education, Beijing Forestry University, Beijing

100083, China)

Abstract: To reveal the physiological response of typical crops to saline-alkali stress, we selected Jerusalem
artichoke (Helianthus tuberosus) as our research object. We set up three different treatments: a complete nutrient
soil group (CK), a light saline-alkali soil group (LS), and a moderate saline-alkali soil group (MS). Changes in
physiological indicators, such as organic osmoregulatory substances (soluble sugar, soluble protein, and proline);
malondialdehyde (MDA) content; and activities of antioxidant enzyme systems [superoxide dismutase (SOD),
peroxide dismutase (POD), and catalase (CAT)] of Helianthus tuberosus were investigated. The results showed
the following: (1) The content of organic osmoregulatory substances in Jerusalem artichoke leaves, including
soluble sugar, proline, and soluble protein, increased under different intensities of saline- alkali stress. (2) The
groups had no significant differences in MDA content. However, with increased saline-alkali stress intensity, the
activity indexes of antioxidant enzyme systems, such as SOD, POD, and CAT, in Jerusalem artichoke leaves
showed an upward trend. After 150 days of saline- alkali stress, the SOD activity in the LS and MS groups
increased significantly by 22.13% and 26.49%, respectively, compared to the CK group. Additionally, CAT
activity in the LS and MS groups increased significantly by 81.66% and 92.38%, respectively, compared to the
CK group (P < 0.05). Moreover, POD activity in the MS group was significantly higher than in the CK group
during the same period. The above findings demonstrate that Helianthus tuberosus can adapt to a saline-alkali
environment by increasing the content of osmoregulatory substances (soluble sugar, soluble protein, and proline)
and activating the antioxidant enzyme system (SOD, CAT, and POD), indicating its strong tolerance to saline-
alkali stress.

Keywords: salt-alkali stress; Helianthus tuberosus; organic osmoregulatory substances; antioxidant enzyme

systems



