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Response of Seedling Growth and Leaf Resistance Physiological

Indexes of Gymnocarpos przewalskii to NaCl Stress

ZHOU Xiaojin, HUANG Haixia” , ZHANG Ting, QI Jianwei, LUO Yongzhong

(College of Forestry, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: Gymnocarpos przewalskii is a tertiary relict plant species distributed in the desert area of central
Asia, which originated from the ancient Mediterranean Sea. Using one-year-old Gymnocarpos przewalskii
seedlings as materials, we treated the leaves of G. przewalskii seedlings with 0.4%, 0.8%, 1.2% and
1. 6% NaCl solution under potted conditions, and measured the activities of antioxidant enzymes and con-
tents of osmotic regulatory substances, Chlorophyll content, relative electrical conductivity (REC), ma-

londialdehyde (MDA) content, plant height, base diameter, root, stem, leaf, total dry weight, root-
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shoot ratio under NaCl treatment, to investigate the physiological tolerance to salt stress of G. przewal-
skii seedlings. The results showed as follows, (1) with the increase of salt stress, plant height, base di-
ameter, root dry weight, stem dry weight, leaf dry weight and total dry weight showed a decreasing
trend, while the root-shoot ratio showed an increasing trend. The seedling height, base diameter and root
dry weight did not change significantly under 0. 4% NaCl treatment, but the stem dry weight, leaf dry
weight and total dry weight were significantly lower than the control under each NaCl treatment. (2) With
the aggravation of salt stress, the contents of soluble sugar (SS), soluble protein (SP), activities of super-
oxide dismutase (SOD) and peroxidase (POD) in leaves of G. przewalskii seedlings firstly increased and
then decreased, while proline (Pro) content, catalase (CAT) activity, REC and MDA contents all showed
an increasing trend. Under 0. 8% NaCl treatment, SS and SP contents decreased, SOD and POD activities
weakened, REC and MDA contents increased significantly, which severely inhibited the synthesis and ac-
cumulation of dry matter. (3) With the aggravation of salt stress, the contents of chlorophyll a, chloro-
phyll b, chlorophyll a—+b and carotenoid in the leaves of G. przewalskii seedlings decreased significantly.
The comprehensive analysis showed that the growth of G. przewalskii seedlings was inhibited to different
degrees under salt stress. The leaves of G. przewalskii could adapt to the salt stress environment by reg-
ulating osmotic regulatory substances and antioxidant enzymes system, and thus had a certain ability of
salt tolerance. When NaCl concentration exceeds 0.4%, the growth was significantly inhibited, osmotic
regulation and antioxidant capacity were weakened, and the membrane system was obviously damaged.
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rameters

R T A e AL A 4 R A ) 32
PR T4 R A AR R AR AL, DA SO 5 BRE R
PEENE 30, $hiot b b i AR B AR Y R i i 1 1EER
BB LR 4 B 0 28 2 g R ) e A
HARHAL(FAO GEit, H T4 Bk ER ik + b i AR 247
1042 hm? , HE A & KR 5 L E R4 9 913 J7
hm? o (5 4> [ A b TR 25 26, 458 S5 VG b b IX 3
i S el A A NI N L E 7 2R sl g TR AR A )
141.3 73 hm® , 24 5 5 50 A6 BF 3t 17 AR 19 22, 816",
PRI Bl R R P R 357 4 R A8 S ol A= S R 7 H T
P A AL A B, HE)TORIE W R AR 2
i BRI FH R 5t A A i — . PR R, Y
TR AR B HE T EEYE 2B E N,
SRIG T LR T O A AT S BOR TR L AR
MLkt 2K R G0, M Rubisco BTG 1, finf 48 % &
AR E I A 0 e AR B a4
T P R (ROS) K R 3 BB g o Ak,
S0 A S R AR BRI R AL A Y R R
M5 00 A 0 04 T 3 A K BB S R . R gE R
B, SR 3 T I R/ o3 ) S AR R A 3 R
VIR OG5 i VA Y 2 AR W) 3 0 R B 3e A 3 A
BLI . e A BT e 3T R R ST B ROS
T8 11y 2K A AR R 26 o 4 i e £

R AR (Gymnocarpos przewalskii ) N 77 FF
BRI R M HEACIR A Wy, 3 B0 A A T 5B R A R

V5 BRAS (7 S 1) R A N R BIUATR R 1Y ] il B e R
FREO L Ay A XS R X R A e 3 AR R
e rp gl 2 B 2R HE XIS R S AL L S SR B
KA R R R AR DL S R A AR ) X R A R
WA EEMBAME" . BT A RS Y, B
PRIXE » S TE AR NS BE S £, S BCH M IX B H £
i, RO, HH g 52 BBk B2 1 2 5 6. H AT,
| N b SR AR B R R AR A
figp ) 2 R AR S R G B A A R R R
HRREE T S T 0 B 5 A 2 T R I X R R
A PHRRME RS T T R M AR D, BFE R
81,100 mmol/L LA F K NaCl &b 3 X} # 55 A F 8
KRR B R R ATA R 85 % L B A
R B8 3 38 (NaCl<<0. 4 %) R, #ER AR Lt A
FOL A AT BN B, B I 7K 43 ) 2805 A BT 42
L SR T A R R AR 4 — W
i £h P o A0 A7 E Tt 3R 8, (HAE NaCl 38 T, 2R
ARG BB 7 PR 1T R B R e N RE T AT L 32 A 1
A, R, AR DL —AEAE R AR BSR4,
BB AN [A] NaCl e B2 B B2 A5 H00A [a] £ B2 6 30, d
aob A5 TR S G A3 B R R R & B AR KR A e R
EPE Y BURAR RS SOL G B R EE AL
M 22 e AR ST AR R AR G B Bk 38 Y A 3 e 15 AL
JOHCT £R M L DL R i — 20 0 5% R SR ORI v
T A R R A — o R LR AR P



9 3 JE e B, S5 < 3 A0 X RRR AR 40y 1 AR IR 0 2R BE AR A A 52 1511

1 ARk

1.1 REHR

I F 2021 4F 4—8 HAEH M RELR =
FIUH IR A T 27 1t 56 ik b A P 2R 47, RS AR 7
RS T H R 2 PO S R R G SR AR XA ) el
(E95°44'12",N40°29'53") ,
1.2 MRHEHEELIE

F 2021 4F 4 A R AL AT G0 E 1 L 36 Fh o
6 X ol 7 R R AT AL B BT S A 10 90 Y YR
BV I 3 min, 7 FZE MK ok T I R T B
YKy, BT ek £ g G 3 0 1
Lo 491 i ) 1 B, 28 A AR LT 5 B A B A (AR 17,8
em, = 15 em) , B A AFEE R R (360.0 g),
I BRI B A JE R R A AL BRI 2 - T L B A
REFRFFZEIMA NaCl By, 435I BC il 1 L AW .
G MBI BT b B R 3 0 B 4 kL IR
H 1 em, R ISR E NS BADR R 3 bR, T 2021 4F 5
F A B 2 H ARl R 27 3 50 5 1l 1 58 LR N
BT, R B 5 AP LU ZE 3K BN
X HCCKD , JF % it & 43 %43 3l o 0. 426, 0. 820,
1.2%F11.6% NaCl Zb3, 5403 3 IRE L (B
2438 3~5 d WK EFIHAL AT A B I
TR % TET 2, LAk R A k. 8 H R A
S R ) S A A AL IR A A TP BE LI 6 A DU
FE ST R AR S SR AR SRR T e A AR T
IR LR R I 58 A R T 0t B L 57 BV E AT A
B A —80 “CB IR VKA . F T I 52 A AR AR
1.3 MEERSFE
1.3.1 AEAKIERR WA R R B A K K
Sk Rk R s DN b TR AR S AL P R BR AR R SR AR . R R
A B A A R BR 25 0 0 2R B o JF L FBLAS e T 2=
105 CAT 30 min, 4R )5 75 C FHE T ZE{EE, A4
BHGE ARG EE 0. 001 @) BRI 2% it T,
AR, [RAEY R/ (EEY R+ HAY
1.
1.3.2 MAMHZZE&E

A b 3 R R R B 1 0.3 g, R T & B4R R
P E R AR S R R EI S 3 AN EA
1.3.3 MABEATYRE=

95 35 I Y e S R R R X T vk
FE . BURE AL B B R EEI 0.3 g 43 A 3 X
HIERFd . A 10 mL 248K, 78 100 CKRIBFF
BV IRE 2 K4 30 min. EAE 25 mL Z|EHE I

Fh L SR FH TR 5 00 AT P B . BN [R) A B Y
BERAREENF 0.3 g, A D VF A JERb FIZE IR K 7E F 8
AR BIE B e BF S ST 0K S BT 10 mL 2 S, 7E
10 000 r/min B0 10 min, b7 W& B R o] % PE 5 A
PR, B R % B s i G-250 4 £ 3k DU
FE . BUR R AL B BRI R B RT 0.5 gL BT IRIR A1 B T
B T, A 10 mL 3% A4 B 55 7K 4% R 5 W L 1E
WK PR EC 10 min(RBUS B P Z & H 8 , I
T VR Sy 2 IR ) i BBV L SR i R K A% TR
PEIUE D A
1.3.4 MHE#EMBESE

K P HL A = L B4 A B A A SR OK fi
0.3 g. i 10 mL 4K, B2 EZ A 15 min A&
A b g s g . HEFTEE AT
IR HF 30 min, ] DDS-11A # H S 40 5 & 4b
PR S8 SRS AR K TR RE 5 min, ARG
T S0 k5 SR S 3 IR,
1.3.5 HMERR-_E&E

BUR A AL B SRR BE 0 0. 3 g BE M T HFER T
5% =F LR 2 mL WP JE K SR BB 0, H
ZHOMESRZE 5 mL.7E 3000 r/min F &L 10
min, B F T R R P R IOV SR AR L 2
W T A N R S
1.3.6 MEmAMLEELE

AL TS P S R 4 R ik
BOR TR AL BRAR AR BE M 0.2 g, B TR BB
JIA 50 mmol/L pH & 7.8 W)L 2% vh ik , UF B %,
S)WEALTE 4 C & 10 000 r/min # .0 20
min, b5 VR BRI A BRI o V. 43 ) OR A AL D e
T B | A A B T 58 AR N e A AR Ak
Ll (SOD) | &t & 1k ¥ [ (POD) 1 i A 1k & i
(CATD &,
1.4 HIEDH

* F Microsoft Excel 2010 # B 4% ; 5% F SPSS
26. 1 JAF 34705 22 50 B CANOVA) . 5k FHl Duncan %
G 56 A B 7] 24 57 1) 25 1 s SR Origin 2018 /R,

2 g5

2.1 HPpBNIRERAGDEEKNTIE

F 1 WoR, b R W38 v FE R 3, B R &
Pk v R AR R T X 2 T A, TG AR TR L 2 i 4
. Hoh  BEROR G bk AR AR T EAE 0. 4%
NaCl 4b# T bb ) B8 w& A7 B IS, 1 #E 0. 8% NaCl 4b
BRI Ll xof B 43551 S REAG 45. 824,53, 3% il 33.3%4,



1512

Wmode oW

¥ 43 %

RHBRREARD A K 2ZE T @ bhia 0.8%.1.2%
AL 6200 (1 b ] s e AR AR R4 22 T & Lt
T LS T 4 R B A [ A AR ks A, RIVAE 45 U
JE NaCl ipia b BN FM FX M, H 1. 6%
NaCl &b T Eb X B8 43 5] . 3 B A% 80. 996.90. 9%
FL76.3% 3 Hh . 4R R KR &y MR ek L U 7 Ak
*1

Table 1

NaCl &b 3T ¥ Hoxf B 2 . 76 1. 6 2o sk ihaa T
B E R 2.5 1%

SRR E WA 7 Em AT R AR R
AR H NaCl A 35 B B s 10 i 72 22 8ok 48 1
30 5 BRI T RO A S AR i i AR Bt
EAERKBRBIERRTRE.

HMBETHREAGERSERERHEL

The growth indexes of G. przewalskii seedlings under salt stress

NaCl 4 H ¥ £ NaCl concentration/ %

K AR bR

Growth character 0(CK) 0.4 0.8 1.2 1.6
P Height/cm 12.90=40. 94a 11.8540. 73a 6.99-+0.21b 5.640. 75bc 4.1140.17¢
3% Basal diameter/mm 2.2940. 26a 2.07%£0.11a 1.07=%0.02b 0.93+0.02b 0.52%£0.01c
H T H Dry weight of root/g 0.18%+0.02a 0.16=+0.02a 0.1240.01b 0.09-+0. 00c 0.08=+0. 00c
22 FH Dry weight of culm/g 0.47+0.06a 0.29+0.01b 0.1940.01c 0.12+0.02d 0.09+0.01d
W TFE Dry weight of leaf/g 0.1140. 04a 0.07=0.01b 0.0240.00c 0.01=0. 00¢ 0.01=0. 00c
MTE Total dry weight/g 0.76=40.02a 0.52740.01b 0.3340.00c 0.2240.01d 0.18=+0.01d
R IE b Root-shoot ratio 0.31%£0.01c 0.46+0. 04b 0.57£0.02b 0.71%£0.07a 0.79%£0. 04a

T RPN I E AR 2 AT A RVNG P8 RR R R R 50 AL B TR 0. 05 K PAATE R E 22 5% . T,

Note: The values in the table are the mean =+ standard deviation; Different normal letters in the same row indicate significant difference

among different stress levels at 0. 05 level. The same as below.
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Different normal letters indicate significant difference among salt treatments at 0. 05 level. The same as below.

Fig. 1

The contents of osmotic adjustment substances in the leaves of G. przewalskii seedlings under salt stress
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The MDA content and relative electrical conductivity in the leaves of G. przewalskii seedlings under salt stress
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Fig. 3 The antioxidant enzyme activities in the leaves of G. przewalskii seedlings under salt stress
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The chlorophyll contents in the leaves of G. przewalskii seedlings under salt stress mg/g
NaCl ¥ 2% a M2 b EKHH MR SRR
NaCl concentration/ % Chlorophyll a Chlorophyll b Carotenoids Chlorophyll (a+hb)

0(CK) 0.61140.025a 0.38940.022a 0.14440.020a 1.00140. 024a

0.4 0.59140.007a 0.37840.022a 0.10940.015a 0.96940.017a

0.8 0.33140.012b 0.12840.016b 0.03740.003b 0.46040.024b

1.2 0.310=40. 007bc 0.076=40.007c 0.02940.003b 0.38640.004c

1.6 0.28040. 008¢c 0.02040. 006d 0.02540.001b 0.30040.014d
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