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Effects of NaCl stress on leaf physiology and photosynthetic indexes of
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Abstract: [Objective] Soil salinity in apple orchards has become an escalating issue due to highly min-
eralized irrigation water and intense evaporation in Xinjiang of China. Selection of proper rootstock
with reliable resistance to salinity is crucial issue for apple production. The effects of NaCl stress on
leaf physiology and photosynthetic indexes of the 4 apple rootstocks was evaluated through pot experi-
ment with the intension to select the rootstock with potential resistant to salinity. [Methods] The nurs-
ery trees of M7, G935, and M9T337 were propagated from cuttings, while those of Malus sieversii was
propagated from sowing of seeds. All plants were transplanted in late March, 2023 at the experimental
base on the campus of Xinjiang Agricultural University, potted in 23 cm X 28 cm plastic containers
filled with a 4.1 (V/V) mixture of peat soil and turf, with each pot containing 5 kg of substrate. The pots
were placed on trays managed uniformly. The salt stress experiment began in late July, 2023, with NaCl
solution concentrations at 0, 2, 4, 6, 8, and 10 g- L', where 0 g- L' served as the control group (CK).
Nine plants per concentration gradient for each rootstock, were used, in the experiment and three plants
constituted one biological replicate. The corresponding NaCl solutions were used for irrigation. 800 mL

of solution was applied daily per pot. Any leachate collected in the trays was poured back to the pots to
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prevent salt loss from the substrate. Three days later, all treatments reached the target salt concentra-
tions, and the evaluation started. On day 0, all potted nursery trees were weighed for the first time, the
weight included the pot, substrate, plant, and initial moisture in the substrate. Every four days, at the
same time, the pots were reweighed and replenished with water to maintain consistent salt concentra-
tions. The experiment continued for multiple cycles until significant phenotypic differences were ob-
served among the rootstocks. [Results] With increase of NaCl concentrations and prolonged stress dura-
tion, the 4 rootstocks generally exhibited a decreasing trend in tree height increment and ground diame-
ter increment of the trees. Additionally, as the stress intensity intensified, the trees displayed varying de-
grees of salt damage symptoms, such as leaf yellowing, scorching, and curling, with the most severe
stress effects observed at NaCl concentrations of 8-10 g- L. Concurrently, the relative conductivity and
MDA content of the 4 apple rootstocks showed an overall upward trend with the rise of salt concentra-
tions and extended stress exposure, indicating that the plasma membranes of all the 4 rootstocks were
damaged under varying salt stress conditions, with the severity of damage progressively worsening over
time. Notably, the M. sieversii exhibited higher relative conductivity and MDA content compared with
the other three rootstocks, with the largest increase relative to the control group by the end of the stress
period, suggesting the most severe cell membrane damage among the tested materials. Under varying
NaCl concentration stresses, prolonged exposure time ultimately led to significantly higher soluble pro-
tein and soluble sugar content in the four apple rootstocks compared with those of the control. Among
them, M7 exhibited the highest soluble sugar content under different NaCl concentrations, indicating its
superior stress resistance. The activities of SOD, POD, and CAT in the four rootstocks generally
showed an initial increase followed by a decline. This suggests that under salt stress, the antioxidant ca-
pacity of all the four rootstocks was enhanced to scavenge excess reactive oxygen species and mitigate
membrane damage. However, prolonged stress exceeded the tolerance threshold of the rootstock trees,
reducing their ability to eliminate peroxide radicals and leading to metabolic imbalance, ultimately re-
sulting in decreased enzyme activities. Notably, among the four rootstocks, M9T337 consistently exhib-
ited lower antioxidant enzyme activity, indicating its weaker capacity to scavenge peroxide radicals un-
der salt stress conditions. Under varying salt concentration stresses, all the four apple rootstocks showed
a decreasing trend in chlorophyll content, with higher salt concentrations leading to more pronounced
reductions. Compared with the other three rootstocks, G935 exhibited the smallest decline in chloro-
phyll content relative to its control across different salt concentrations while maintaining the highest ab-
solute levels, demonstrating its superior ability to maintain relatively stable chlorophyll content under
salt stress. The trends in stomatal conductance and transpiration rate were similar, indicating that stoma-
tal limitation was the primary factor. However, between days 5-25, M. sieversii showed a decrease in
stomatal conductance at 8-10 g- L' NaCl concentrations without a corresponding decline in intercellu-
lar CO. concentration, which instead exhibited an upward trend, suggesting a gradual increase in non-
stomatal limitations. Among the tested rootstocks, M7 displayed relatively smaller fluctuations in stoma-
tal conductance, transpiration rate, and net photosynthetic rate, indicating better performance. By the
end of the NaCl stress treatments, the water use efficiency of all rootstocks was lower than their respec-
tive CK groups, confirming cellular damage caused by the salt stress. Notably, the trees of G935 under
salt treatment showed the greatest reduction in WUE compared with those of the CK, indicating it was
the most severely affected by the stress conditions. [Conclusion] This study revealed significant mor-
phological variations and differential salt tolerance among the four apple rootstocks under varying salt

stress conditions. As salt concentration and stress duration increased, the nursery trees of the rootstocks
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exhibited significant decreases in the stomatal conductance, transpiration rate and net photosynthetic

rate, while intercellular CO, concentration showed an upward trend compared with those of the CK.

The relative conductivity and malondialdehyde content demonstrated continuous accumulation, and the

activities of SOD, POD and CAT initially increased before declining. Ultimately, salt stress significant-

ly elevated the soluble protein and soluble sugar content in all four rootstocks relative to the CK. The

principal component analysis identified five key evaluation indicators: chlorophyll content, transpira-

tion rate, water use efficiency, SOD activity and intercellular CO, concentration. The comprehensive

evaluation of salt tolerance across different stress levels revealed the following ranking for the tolerance
to salinity among the four rootstocks: M7 > M. sieversii > G935 > M9T337.
Key words: Apple rootstock; NaCl stress; Growth indicators; Physiological indicators; Photosynthetic

parameters; Principal component analysis
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Table 1 Effect of NaCl treatment on growth indexes of four apple rootstocks
szx p(NaCD/(g-L") M7 G935 M9T337 Egifi :if?
e T 0CXHH& Control) ~ 8.46+1.15a 8.00+0.10 a 8.13+1.09 a 4.66+1.02 a
Seedling height increment/cm 2 5.4040.78 b 4.8040.52 b 7.53+134 2 3.5340.46 b
4 3.83+1.92 be 2.70£0.36 ¢ 6.80£0.26 a 2.2040.52 ¢
6 3.36£0.15 ¢ 2.73+0.05 ¢ 4.36+0.55 b 2.5+0.45 be
8 2.26+0.55 cd 2.20+1.47 cd 3.10£0.10 b 2.3620.50 ¢
10 1.23£0.25d 1.13£0.05d 1.13£0.23 ¢ 1.46£0.32 ¢
A = 0CH I Control)  0.60+0.13 a 0.72+0.14 a 0.57+0.03 a 0.30£0.07 a
Ground diameter increment/mm 0.42+0.09 b 0.58+0.15 a 0.55+0.02 a 0.20+0.09 ab
4 0.41£0.10 b 0.34+0.03 b 0.49+0.02 ab 0.18+0.04 b
6 0.30+0.05 be 0.29+0.09 be 0.42+0.02 b 0.19+0.08 ab
8 0.24+0.04 ¢ 0.21=0.10 be 0.44+0.09 b 0.1320.03 be
10 0.150.03 ¢ 0.130.01 ¢ 0.150.04 ¢ 0.05+0.03 ¢

TEHE N T BIEERER 22 o RSB 5 AN RN TR R R R RG ARAEANE] NaClRFEE R 9 (P<<0.05) /KT 22 57 i 3%

Note: Data are “mean + standard error”. Data in the same column followed by different small letters indicate significant differences (P<<0.05) be-

tween the same rootstocks at different NaCl concentrations.
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Fig. 2 Effect of NaCl treatment on relative conductivity of apple rootstock
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Table 2 Eigenvectors of 10 single indexes in each principal component

kxR F 47 Principal components

Index 1 2 3

AHXT HL 5% Relative conductivity 0.867 0.161 0.263
I EAC ST CAT activity 0.515 -0.453 0.547
T ALY 1 POD activity 0.847 -0.284 -0.162
A B AL B 1 SOD activity 0.500 0.762 0.148
P B4 % & MDA content 0.593 0.693 0.191
4% 2 2 B Chlorophyll content -0.910 -0.182 0.006
Al MR (4 & Soluble protein content 0.477 -0.656 0.372
] % PERE 4 & Soluble sugar content 0.211 0.677 0.497
7% #5340 % Transpiration rate -0.886 -0.140 -0.175
Sl 5% Stomatal conductance -0.786 0.419 0.279
196438 % Net photosynthetic rate -0.828 0.505 -0.056
Ml CO. & % Intercellular CO, concentration -0.448 -0.082 0.870
7K 4> FI 2% Water use efficiency -0.032 0.928 -0.013
SALBR#{E Stomatal restriction value 0.582 0.281 -0.735
FFE{H Eigenvalue 6.065 3.691 2.248
75 ZETTHR 2K Variance contribution rate/% 43.321 26.365 16.057
23t 5Tk % Cumulative contribute rate/% 43.321 69.686 85.744
B Weight 0.505 0.307 0.187

®3 AMERBATRENEETN

Table 3 Comprehensive evaluation of salt tolerance of four apple rootstocks

A B LM B2 Ems ERDRREMNE T DA
Rootstock (Naf)l)/ Principal Principal Principal Membership function value D Average H
resource (gL component I  component2  component3  {J] U2 U3 D value D value Rank
M7 2 -1.127 2.055 1.264 0.297 0.559 0.555 0.426 0.607 1
4 -0.806 2.431 1.408 0.511 0.785 0.818 0.652
6 -0.846 2.371 1.347 0.484 0.749 0.708 0.607
8 -0.741 2.402 1.428 0.554 0.767 0.855 0.676
10 -0.679 2.191 1.469 0.595 0.641 0.930 0.672
G935 2 -1.256 1.497 1.112 0.211 0.224 0.277 0.227 0.318 3
4 -1.326 1.363 1.152 0.165 0.144 0.350 0.193
-1.157 1.420 1.203 0.277 0.178 0.443 0.278
8 -0.929 1.619 1.238 0.429 0.298 0.507 0.403
10 -0.850 1.630 1.400 0.481 0.304 0.803 0.487
MO9T337 2 -1.571 1.134 1.017 0.001 0.006 0.102 0.022 0.187 4
4 -1.447 1.333 1.067 0.084 0.126 0.193 0.117
-1.217 1.387 1.117 0.237 0.158 0.287 0.222
8 -1.181 1.343 1.110 0.261 0.132 0.274 0.224
10 -0.962 1.542 1.160 0.407 0.251 0.364 0.351
iR R 2 -0.819 1.983 1.041 0.502 0.516 0.147 0.440 0.598 2
M. sieversii 4 0717 2,011 1.082 0.570 0.533 0221 0493
-0.552 2.195 1.091 0.680 0.643 0.238 0.586
8 -0.089 2.750 1.080 0.988 0.976 0.217 0.840

10 -0.307 2.240 0.966 0.843 0.670 0.010 0.634




81

FRFT, 4 - NaClPHEXT 4 FhSE AL B J7 42 B KOG & FR bR Km0 1719

EESR RIS m e RS . XS Eba T
¥ B2 AR (IS0 S R M AT A — B R
TEANF SRR AT, N T T BRI SRS R
TG T KT 4 RS 1 47 T L 4 B R R R B A g
JIAF ) T 85, AEAEACI [R] R R E R L T 4
BRI 5250 B 3 bR S E R RE R BE, 5
A B S AR AT, BEVEVEPR K. 40, 4 R R
fili A, MOT337 HrAa AL B s M e A A1, T WA
EhIE T MOT337 i BRI A H AL 1 RE 1555

TEAT T, TEAN [F) R BE 38, 4 S L
A GRS 28 R4 R PR A, Rk R e
SER DR FRRTE . AR A A0 K i
YR T WD KA BUR 42 RS AL, 3 R e A A
B, GG R ks 2 S BUE > i SRR 1 E
B, B AR I SRR, SRR PR,
Dichala 250940 % B A R AE Y 2R R AE R B T 2
PRAE 3 o FH LT HoAth 3 AN 32 JAG A, 784S [H) #h ik
JER 5, G935 I3 2R Fr 5 e 0 HE Bl e, HL
IR, KB G935 7E b i T B A e 1 fRE
SRR MR E M RE

ERIIE N7 3R AL R AR A ) D B S 2R A
T — P AR B, 50 P AL R G K ol i 25 1
WML, XSRS, ARG REN, G
(AR SRR, 3R 3= B PR A S FLIR 1], S AL
JE T B R 28> AR NI B (R, (H 5~25 d
I} 5 58 B 3 S AE 8~10g - L' NaCl il F <AL 3
B FEAME AR COLMKREE T B, fi LT, X AT R
J2 I DA 4T A 1) A R T e SZ A, 3R AL PR i 32 1
SR e AR A2 BN H Y 32 B R R, AL
il AR S ALBR L FAE A, i3 B0 & BRI R
BER7, 3 HLAFLARAE S FL PR 1l 2 [a] il 5 SR 5 A il
I [] R AZ AT R AR B A AR, o, M7 (1 Go TN
PP IE FE AR /N, RILEL T . AW T RR
B, 75 A [R) R BE NaCl [l i 45 3R s 25 fili A 1) WUE 2
I T XT T, 2% B 2 30 0o 5l A A4 i i Rl A £, 6
G935 B0 HR R FEAR R S K, T BH 52 i 52 e K

YR Ve 2 2 T R R e, 2 — AN A
LR A PEIRDY, B — 3R AR A LAY 0 Rh 1 5 i 2L
SRS , 1T PRA 2 P b 2% 5y 1 ORI A B B RN
FRlEPE R EEY, FRS LTS 2N T
T Eh M SR FR AR IR IR, 2B 38 7E AW 7 i ik
14 FPFRARIBEAT T2 1R 0 AT, 45 SR R ik i =

B ZRIE R KR AR . SOD Al ] 44k
TR EE 5 AN FEARE N SE SRS AT Sh RN Fa by , Hoi
ThAESTHER M7 > R R SE R >G935>M9T337.

4 4

ANFERERMAREAFKRE S E TS ER
KT SRPETRAN ] o B o 594 1 385 im0 Jolp e B (1]
PIZEK , B I Gos TA PR 225 PRI, CBON BRI T
REC fl MDA & & #F 2214 /11, SOD . POD #1 CAT i 4
ol oA =l N S ER S 2 S B R S Y N N
WHEEAMAEEESERE S TR, 456 EmWK
I35 BT I g SRR S B 2R B R K 4 R AR
2, SOD FI i [A] — S AL BRI BE 5 MBI N LE B VRN
KERTEbR . S5 RRUTEAR R E SR Ma T 4 FhE L
fili A PR TR 26 6 77 256 P 9 M7 > 7 5 B S L >
G935>M9T337.
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