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B 99% , i35 AT HTAE L T—-20 °COKAH -
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# CK(0 mg-L™") \A1(2.5 mg-L") ,A2(5 mg-L™") .
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61> ABA I FE AL HE . AR KAk B T FH A TR NaCl
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FH25 E 152 i G-250 Yeta ikl et EE AR Ak i b
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T PRI R s (IR N AS B A R A IR A D)
M€ 5 13 A Ak S (Catalase, CAT) 3% P44 FH ] WL i
kit A S ) & (TR N AR B A MR AT FR
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Origin 2024b A% T A 840 3 2: . AT sk
PREL(R)EHATER BTN
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2.1 SMEABAXTEMB T AREHEHEERLEEHW
ZRRYR

SN ABA QLSS U0 ARSE &Iy PR i Bl R Tk
T RIS ETHE FRER (R 1) 76 AS AT
LR /MEL, 7E A3 AT IR R . AL A2 Al
A3HBE CK 43 MK 4.68% . 11.29% F123.77%. A3

A2 AbFHA] 25 TR B 2 (P>0.05) , {5 55 HoAth &b 35 7] 77
TE 5% 22 5 (P<0.05) .

HMIR ABA ACIRS VD ARSI 1 45 A% 1 fF J R
ERE R WS T = 2B ETHE TR (R
1) AR TR Fe A, W T fe /N o AR AE 4 i A8 4k
FEW, LB AR e EE A 7E A2 A ERAS S PR A RME,
Horp e F 4 CK 433K 93.97%.130.22% . 72.86%
43.24%. 46.74%, T & % CK 4 5l # K 60.19%.
101.01%,40.70% . 11.66% . 8.07% ; =& ¥ Al -4 - et
HITE A3 LI I8 B e KA, 75 AS Ab PRIV 28 d
AMEL, e 258 45 R A A CK 23 1) 1 T 54.91% (fif
) F123.98% (T H ) , Fe/IME L CK 73 7 A% 15.93%
(ff 7 ) M115.69% (T H) , H AS AbHIZE35 T -5 Hofil
Ab B IA] A7 AE 35 22 53 (P<0.05) s M B KB #5 CK 43
) ETF 35.44% (6 5 ) A1 27.89% (5 , Fe/IME 4L
CK A HIFEAIL 8.62% (fif 7 ) F120.50% (T ) .

SN ABA AL, U0 AR S &Iy MR L Bl 2K vk
FETH R SRR BT (R 1), 78 A2 Kb BERT H 21
B RAH , & A PR AT CK 23 91 T 55 49.11% . 67.57% .
11.01%.2.75% #134.38%, CK Fll A3 A4 b F [A] 22 7
AN (P>0.05)
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YA — B R R . ARG BEAR EE , 2B AR MDA
45 A B 4 0 R AIG 18.68%. 38.46% ., 14.29%
24.18%.9.89%, A1 5 F At b B[] 22 55 0K I 2 (P>
0.05),CK 5 A2 A4 4b 3R] 22 5 I 3 (P<0.05) ; FIXT
HEAH LL , 259 MDA 7 i 45 b 28 53 51| B 1% 28.99%
34.78%.13.04%.13.04%.7.25%, CK Fl1 A5 &b i [i] 22
S (P>0.05) , {0 5 Ho At 4b B R A7 7E i 3 25 7
(P<0.05) ; 2 M5 MDA 5 1 FIXHHEAH FE , 45 Ab#L 4y
TP 20.45% .26.25%.26.25%.24.60%.20.45%.,
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Table 1 Changes in growth indicator of A. bracteata seedlings under salt stress after application of exogenous ABA

Qb wE fif #/g THi/g K B /em M5 L
CK i 0.346240.063¢ 0.2075+0.023° 0.3860-+0.040° 29.6693+2.45 0.186340.022¢
B 0.8920+0.035¢ 0.4020+0.005° 0.5484+0.012*
it 1.6288+0.033° 0.5711+0.008* 0.6488+0.012°
Al Uit} 0.6715+0.021" 0.3323+0.031° 0.5057+0.039" 31.05767+0.47 0.2778+0.029%
ES 1.0383+0.035° 0.4060+0.006° 0.6077£0.019"
i 1.8624+0.032° 0.6343+0.005° 0.6593+0.003"
A2 Ui 0.7970+0.049* 0.4170+0.004° 0.4733+0.028" 33.0180+1.59™ 0.3122+0.004*
e 1.2153+0.053" 0.4791%0.006™ 0.6038+0.023"
It 2.1345+0.033" 0.6856+0.008" 0.6786+0.008*
A3 i) 0.5984+0.013" 0.2919+0.013" 0.5112+0.030° 36.7207+1.86" 0.2068+0.009%
E 1.3817+0.019° 0.4983+0.002° 0.6392+0.004°
it 2.2060+0.079* 0.7305+0.005* 0.6681+0.011%
A4 R 0.4959+0.041° 0.2317+0.009° 0.5239+0.054" 29.5663+1.16" 0.1914+0.010
£ 1.0556+0.034° 0.4244+0.030" 0.5989+0.016™
nt: 2.1577+0.050° 0.6309+0.008° 0.70730.007*
A5 Gics 0.5080+0.059° 0.2242+0.012° 0.5440+0.069" 28.5310+0.74° 0.2503+0.026"
E 0.7499+0.036° 0.3389+0.032" 0.5500+0.023*
it 1.4883+0.058° 0.4541£0.023° 0.6931+0.026™

TE Bl 22 U7 sRGE— N I EEARERR 22 s ARG PR ZR AR R AL BRI 0.05 /K22 57 8. 3% (P<0.05)
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Fig.1 The alleviating effect of exogenous ABA on oxidative

VE AN

damage in 4. bracteata seedlings under salt stress

Yy AL B (SOD) I 1 Fifi ABA ¥ B 71 5 s AR L 56 R
SRR EE ai%wca@ﬁ(cm)ﬁfézwkt
P ik ALY (POD) i M B B 08 RIS E T
BB 2) VDAL 2556 SOD I M A M 5 K, AR

BB S CAT 1 P R IR R . A SOD TF PE7E A3
b HLS B f /ME 5% BR A EE 4540 45 B BRI
34.65%.31.50%.42.52% .15.75% . 14.57%, CK 5 H
b &b B 2 A7 A B2 22 5 (P<0.05) ; 25356 SOD i M
A2 ABFR A R B fe/IMAL, 56 BRAR L, 45 Ak 3 53 5 B
1% 10.21%.62.98% .55.74% .25.96% .9.79% , A4 Fl H
iy 42b 38 7] 22 F 35 (P<0.05) 5 13 SOD % R 7 A2
b B H B R /MEL, 55 0T B LE, 45 A B 53 5] AR AIR
9.81%.38.79%.25.23%.32.71%.23.36%. HR#B CAT
T PETE A2 b PR 3 S5 /NME, 556 R A R AR
80.86%, Al A5 5 H Al 4b B[] 34 47 75 ik 3 25 5% (P<
0.05) ; ZE¥F CAT G METE A2 b BRI 4 90 F/IME, 5%
R LR AIC 68.40% 5 M3 CAT 35 1 7E A3 A FRET
P /M, & AL PRES CK 43 MIREAIR 42.20% . 64.25% .
88.95%.63.05%.70.70%, A1 5 HAth b 38 0] 2% 5 i 2
(P<0.05). R&BPOD 7it:rE A2 4B H Bl /IMEL,
55X BEAH L, A5 A 353 5 R G 44.19% . 61.89% .
55.88%.56.50%.36.61%; Z£ 7 POD i 4 7£ A2 4b 3
i B A /NE 5O BERE L, 45 Ak B 43 ) B AR
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Fig.2 Relief effect of exogenous ABA on antioxidant enzyme activity in 4. bracteata seedlings under salt stress

47.61%.79.67%.58.65%.26.60% .25.49%; M- POD
TEPETE A1 AL PR Bl /M, 5 CK A4 43.92% , 7F
AS Qb FRA H B KA, 38 CK S K 2.27%.

2.3 SMEABATEME RIDARBELHESERTY
RHIERYR

AN ABA RMEESS VP ARSEL I A4 B P IR
(Pro) ¥ f Fifil ABA Wk B T BMA S8 IS LT
PN T (SP) & i SRR FREEE (R 3),
LB R Pro & HAE A3 AL PR H B /IME, S50 R
A EE, 4% Ab B 43 51 B AIG 38.52% . 50.93% ., 55.77% .
43.52% .14.81% ; 253 Pro ¥ S Ff IR i /N, 7F A2 JbFE
F B A /NE 5O BEAE EL 45 Ak B 3 ) R AR
16.43% . 50.07% . 46.90% . 15.04% . 9.70%; M- Pro
i BRI B K, 7E A2 AR H IR/ IMEL, 5 4T REAH
b, 4% b B 4 ) B IR 24.08% . 56.13% ., 35.85%
37.88%.0.76%, CK 5 A2 A3 A4 kb B [A] 77 7E B &

225 (P<0.05) . %l AR SP & i B M e K, 7F A2
b BEASE H B A5 /IMEL, 556 R A HE FAAIG 82.92% , CK Al
HAb b B[R] A7AE .35 25 57 (P<0.05) ; 25 &R SP &= 7
A3 Kb TR H PR/ IME, 50 BT EE , 4% 4 2R3 53] [
ik 21.35%.24.91% . 36.39% . 31.63% . 20.56%; I ¥
SP & HE R IR /N, 78 A3 AL BRI H B 5 /ML, 500 B8
FEE , 45 4b B 23 50 [ 21.37% . 14.88% . 24.61% .
7.58%.3.12%.

2.4 MR ABA X £ BB TP AR 4 B R 4540 Mk
KL EMHIEBR

SN ABA KNSR S VORI B 45 A8 B ol s
B (SS) & f il ABA Ve FE T = B S48 R s Bt
G YER (ST) & st BR R SE T IR G LTk 3
(K 4)., HRHBSS & hE7E A2 4b B HY IR f /M, 88
CK [E15 13.04% , 76 A5 Ab PRI H 305 KA, %58 CK 4
£ 61.19%; 25 %8 SS %t 7F A3 Ab HE 3 5 /MEL,
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Fig.3 The alleviating effect of exogenous ABA on osmotic regulatory substances in 4. bracteata seedlings under salt stress
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Fig.4 The alleviating effect of exogenous ABA on non structural carbohydrates in A. bracteata seedlings under salt stress

50 BEAE L, 45 Ak B 43 ) B AR 24.26% . 39.94%
40.93%.40.08% ., 14.96%, £5 &b ¥ (0] ¥ G It 3% 2= &
(P>0.05) ; M8 SS 7 & 7F A1 &b PR A 0 A7 35 <, 78
A4 b B I B /A B CK FEIK 27.44% . AR
ST & & Fh i e /N, 76 A2 Ab PR H B d5e/ME, 3 CK
R4 20.28%, 76 AS Ab BB H 0 KAE, 38 CK K
36.01%; 2558 ST & 578 A2 Ab B H 30 f /M L 5
CK [ 29.96% , 75 A4 Ab PRI H 31 B KA, 75 CK 4
1 48.61%; M ST % it FH IR e K, 76 A2 Lb LI 4
PR A/ M, 38 CK A 36.22% , 7F A3 b L H 30 o
KA, B8 CK I K 51.48% , CK FIl A3 Ab 38 [ 7 7E i 25
25 (P<0.05).

2.5 fERREXES T
il ik SMIR ABA b S VD AR ZEA VA A E R AR

B A DA 53 B vl 0, 28488 Z [BIAEAEA [R] 2 B 1) AH
Kk (E5) o VAL HIHRER SP &1 5 Pro & 2 L
S AR T 5 P ] S W 3 I A 56 (P<0.01) , T TR
HAhFg bR Z A1 2 A C . BB 14 2 (8] 2 1E
HHE ,H SOD & P: A CAT 1 1 2 [AIAS (2.3 (P>0.05) .
MDA % f2 5 Pro Z [i] 2 M I 35 1EAHXC (P<0.01) , 5
PUAE LB PR Z [ 2 IEAHOC . VPRSI 250 i |
ARG 14 2 (] 34 S B i 2 TE AH G (P<0.01) , MDA &
it Pro & 1 . SS it P A A B M) 2 OEAR O,
MDA 2 FI ST & H ] 2 i IEA X (P<0.05) B K

BRI AR S ARG . VPARZEL i SS
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Fig.5 Correlation analysis of indicators
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Fig.6 PCA ranking of various organs in A. bracteata seedlings after exogenous ABA application
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Table 3 Comprehensive evaluation of

membership functions
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Effects of exogenous abscisic acid on the growth and physiological
traits of Atraphaxis bracteata seedlings under salt stress

Liu Yuan', Chong Peifang', He Cai’, Jin Min’, Hu Fang’, Zhang De'
(1. Forestry College, Gansu Agricultural University, Lanzhou 730000, China; 2. Wuwei Academy of Forestry, Wuwei
733000, Gansu, China)

Abstract: Salt stress has a significant inhibitory effect on plant growth and development, while an appropriate
concentration of abscisic acid (ABA) can effectively alleviate the damage caused by salt stress. In this study,
Atraphaxis bracteata seedlings were used as the experimental material, and a pot experiment was conducted to
investigate the effects of applying different concentrations (2.5, 5, 7.5, 10, 15 mg-L™", with 0 as CK) of exoge-
nous ABA on the growth and physiological responses of various organs of A. bracteata seedlings under
150 mmol-L™" NaCl stress. The goal was to identify the suitable concentration of ABA that can promote 4. bracte-
ata growth even under salt stress. The results showed that low-concentration abscisic acid alleviated salt stress
damage by reducing malondialdehyde content. Under the 5 mg-L™ treatment, the malondialdehyde content in all
organs of A. bracteata was the lowest, with a 38.46% decrease in roots, 34.78% in stems, and 26.25% in leaves
compared to CK. In contrast, high-concentration abscisic acid treatment significantly increased soluble sugar and
starch content. At 15 mg-L™', the soluble sugar content in roots increased by 61.19% compared to CK, while the
levels in stems and leaves reached their highest. The starch content in roots increased by 36.01%, in stems by
48.61%, and in leaves by 51.48%. This indicates that low-concentration abscisic acid (2.5, 5 mg-L™) effectively
mitigates salt stress damage in A. bracteata, whereas high-concentration abscisic acid (15 mg-L™) reduces its
mitigating capacity and even inhibits seedling growth. Principal component analysis showed that malondialde-
hyde content, dry and fresh weight, proline content, starch content, and superoxide dismutase activity can serve
as the main indicators for evaluating the alleviating effect of exogenous ABA on salt stress in A. bracteata. Using
membership functions to perform a comprehensive evaluation of 10 indicators in three organs of the seedlings
showed that a 5 mg'L™" exogenous ABA solution had the highest average membership degree in each organ, at
0.97, 0.93, and 0.73 respectively, indicating that this concentration of exogenous ABA had the strongest regula-
tory ability on salt tolerance in 4. bracteata. These research results provide a theoretical basis for salt-tolerant cul-
tivation of A. bracteata and have important implications for improving desert environments and promoting sus-
tainable agricultural development.

Key words: Atraphaxis bracteata; abscisic acid; salt stress; physiological index; principal component analysis



