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Alleviating effect of exogenous nano-silica on the saline-alkali stress of ap-

ple rootstock Qingzhen No.1

Li Xiaoling, Gao Yanlong, Zhang Zhongxing, Zhao Wenbing, Wang Yanxiu’
(College of Horticulture, Gansu Agricultural University, Lanzhou 730070, Gansu, China)

Abstract: [Objective] Soil salinization is a severe environmental factor that inhibits plant growth and
productivity. Nanomaterials hold potential in enhancing plant stress resistance. Among them, nano - sili-
ca (SiO, NPs) has been proven to promote plant growth and alleviate environmental stress. SiO, NPs
can significantly enhance plant resistance to both biotic and abiotic stresses. They improve plant growth
under stress conditions by maintaining water balance, protecting cell membrane integrity, and promot-
ing nutrient absorption. However, as a representative of nanobiotechnology, the application of silica
nanoparticles (SiO. NPs) under saline-alkali stress conditions and their effects on apple seedlings have
not been sufficiently studied. [Methods] Under the rain shelter, apple rootstock seedlings of Qingzhen
No.1 were subjected to saline - alkali stress. Then, they were irrigated with different concentrations of
exogenous SiO, NPs (25, 50, 100, and 200 mg - L™"). The CK group was irrigated daily with pure water,
whereas the SA-T4 group was irrigated daily with 500 mL of saline - alkali solution. Saline - alkali
stress was established after three consecutive days of irrigation. Subsequently, groups T1 to T4 were irri-
gated daily with suspensions of silicon dioxide nanoparticles at corresponding concentrations, while the

CK and SA groups were irrigated with clear water (approximately 100 mL). Starting from the day after
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the application of exogenous substances, leaves and roots were collected from the upper - middle part
of the plants on the Oth, 6th, 12th, and 18th days of treatment. These leaves and roots were quickly fro-
zen in liquid nitrogen and stored at —80 °C for subsequent related index detection. By analyzing seed-
ling development, ion homeostasis, antioxidant activity, and osmotic regulation, the regulatory mecha-
nisms of applying exogenous silicon dioxide nanoparticles at different concentrations under uniform sa-
line - alkali stress conditions were explored. [Results] Saline-alkali stress significantly inhibited seed-
ling growth, resulting in a reduction of photosynthetic pigments, leaf chlorosis, the accumulation of hy-
drogen peroxide (H,O.) and superoxide anion (O,), an increase in malondialdehyde (MDA) content and
relative electrical conductivity (REC), the disruption of osmotic regulation substances (soluble sugar
(SS), soluble protein (SP), proline (Pro)), and an abnormal elevation of antioxidant enzyme systems
(CAT, POD, SOD activity). It also disrupts the ion balance. Exogenous SiO, NPs treatment effectively
reversed the stress effects, and the 50 mg - L' (T2) treatment yielded the best results. The application of
Si0, NPs significantly alleviated the negative impacts of saline-alkali stress on the apple rootstock Qing-
zhen No.1, including an increase in leaf area, plant height, stem diameter, and photosynthetic pigments.
Furthermore, SiO, NPs could reduce REC, MDA, H,0,, and O,, and enhance the activity of major anti-
oxidant enzymes such as POD and CAT. In terms of ion balance regulation, SiO, NPs could mitigate the
toxic effects of excessive Na™ on cells by inhibiting the absorption and transport of Na" in roots and re-
ducing the loss of K", thereby maintaining a stable Na'/K" ratio and ensuring normal cellular physiologi-
cal functions. To further elucidate the alleviation mechanism of SiO, NPs on salt-alkali stress in the Qin-
gzhen No.1 apple rootstock, this study employed the paraffin sectioning technique to observe and quan-
tify the microanatomical characteristics of leaves, aiming to evaluate the mitigation effects under differ-
ent concentrations of SiO, NPs treatments. The leaf microstructure revealed that under control (CK) con-
ditions without salt-alkali stress, the palisade tissue cells of Qingzhen No.1 leaves were fully differenti-
ated, with regular morphology. They were tightly arranged in elongated columns beneath the upper epi-
dermis, exhibiting minimal intercellular spaces. In contrast, the spongy tissue cells were loosely ar-
ranged, with well - developed intercellular spaces, forming a continuous ventilation system that ensured
efficient gas exchange. However, under SA treatment, the normal anatomical structure of the leaves was
significantly disrupted. The thickness of the palisade tissue decreased by 42.05% compared with the
control. Cell elongation along the longitudinal axis was inhibited, the arrangement became disordered,
with evident cellular deformation and enlarged intercellular spaces. The volume of spongy tissue cells
was simultaneously reduced by 30.41%, accompanied by abnormal expansion of intercellular spaces,
which resulted in a loose internal spatial structure and compromised tissue integrity in the leaves. The
application of exogenous SiO, NPs could significantly alleviate the damage to the leaf anatomical struc-
ture induced by salt-alkali stress. Among them, the T2 treatment showed the most pronounced mitiga-
tion effect. Based on the comprehensive analysis of various physiological and molecular indicators, the
alleviation effects of different treatment groups on saline - alkali stress were ranked as follows: CK
(1.115 7) > T2 (0.833 9) > T1 (0.041 4) > T3 (-0.293 6) > T4 (-0.574 6) > SA (-1.122 9). This
confirmed that 50 mg- L' SiO, NPs mitigated saline-alkali stress damage through synergistic multi-path-
way actions: enhancing photosynthetic performance, optimizing antioxidant defense, and regulating the
osmotic adjustment system. [Conclusion] It can be concluded that under the experimental conditions,
exogenous SiO, NPs could alleviate saline-alkali stress in apple rootstocks. The 50 mg - L' SiO, NPs
treatment showed the most significant effect by restoring the growth inhibition caused by saline-alkali

stress. This concentration exerts its synergistic effects through multiple pathways: reducing the content
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of the oxidative stress indicator MDA by 59.27% and REC by 40.11%; regulating osmotic adjustment

substances such as proline to increase their content by more than 56.55%; and lowering the Na'/K" ratio

to 0.079, thereby mitigating ion toxicity. In conclusion, 50 mg - L' SiO, NPs could effectively mitigate

the damage of saline-alkali stress on apple seedlings. This study would provide new insights for the pre-

vention and control of saline-alkali stress in apples and also demonstrate the application potential of

nanomaterials in enhancing crop stress resistance.

Key words: Apple rootstock; Qingzhen No. 1; SiO, NPs; Saline-alkali stress; Permeable substance; An-

tioxidant enzyme activity
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Table 2 Effects of exogenous SiO; NPs on the growth indices of Qingzhen No. 1 seedlings under saline-alkali stress

Effects of exogenous SiO; NPs on the phenotype of Qingzhen-1 seedlings under saline-alkali stress

Ak M EX | -5 LIRS LIRS TR
Treatment  Plant height/cm Stem thickness/cm Leaf width/mm Leaf length/mm Blade perimeter/mm Leaf area/mm’
CK 46.88+5.65 a 4.59+0.24 a 15.84+1.97 a 24.12+5.06 a 41.02+2.86 a 673.92+90.95 a
SA 38.08+6.12 d 3.35+0.28 d 10.94+1.14 f 19.09+6.98 ¢ 35.94+8.04 ¢ 561.37+42.67 £
Tl 40.62+8.08 ¢ 4.05£0.25 b 12.93+1.79 d 22.66+6.10 ¢ 37.78+6.81 b 610.61+86.38 ¢
T2 42.34+4.93 b 4424030 a 14.23+2.30 b 23.73+7.24 b 39.85+6.93 be 629.194+69.04 b
T3 43.36+7.68 b 4.03+£0.24 b 13.67+2.52 ¢ 22.1749.24 ¢ 37.01+3.29 ab 587.84+56.19d
T4 40.45+6.954 ¢ 3.91+0.21 ¢ 12.05+2.11 ¢ 20.87+7.97d 35.45+6.954 b 573.45+59.954 ¢

TE B0 DO AR R FOR (n=3) . ANR/NG P REFORIE B/ P<0.05 K FEREE. T
Note: Data are presented as mean + standard error (n = 3). Different small letters indicate significant difference among treatments at P<< 0.05. The

same below.
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Fig. 2 Effects of exogenous SiO: NPs on the leaf microstructure of Qingzhen No. 1 seedlings under saline-alkali stress

%3 HWAETAREIRE SiO. NPs 3t &S ih—S &t 5 R RS20
Table 3 Effects of different concentrations of SiO. NPs on the anatomical indices of Qingzhen No. 1

seedling leaves under saline-alkali stress

e ARAREY LR R M= VR RRASURIE ALBURSR LA
Treatment Thickness of Upper skin Lower skin Thickness of Thickness of Cell tightness Scattered
leaf/pm thickness/pm thickness/pum palisade/um spongy/um rate (CTR)/% rate (SR)/%
CK 186.95+9.34 a 13.92+1.65 a 16.43+1.54 a 78.21+7.34 a 88.99+5.76 a 42.06+3.76 a 48.70+3.12 a
SA 138.52+7.93 ¢ 5.93+1.05¢ 10.34+1.62 f 4532+4.87 ¢ 61.93+6.35 ¢ 33.70+1.76 ¢ 45.45+£2.73 b
Tl 149.02+8.43 ¢ 7.32+0.96 d 13.23+1.06 ¢ 59.45+5.24 ¢ 69.024+4.87 ¢ 40.86+2.86 ab 46.03+2.86 ab
T2 170.5349.59 b 11.94+1.32 b 15.93+0.76 b 69.43+3.65 b 80.23+7.54 b 41.56+1.62 a 47.53+3.53 a
T3 146.49+11.03 d 8.324+0.58 ¢ 12.43+0.93 d 58.3243.04 ¢ 67.424+2.46 d 40.43+2.76 ab 46.18+4.05 ab
T4 145.64+10.32d 7.35+0.73 d 11.03+1.83 ¢ 54.94+4.28 d 65.32+7.01 de 38.87+2.22 b 45.05+4.11 b
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Fig. 3 Effects of exogenous SiO, NPs on the photosynthetic pigment content in leaves of Qingzhen No. 1

under saline-alkali stress
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Fig. 4

Effects of exogenous SiO. NPs on reactive oxygen species content and antioxidant enzyme activity in leaves of

Qingzhen No. 1 under saline-alkali stress
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Table 4 PCA analysis
fihs Item PCI PC2 PC3
FFME{E Eigenvalue 24.470 2.979 1.044
BTk % Contribution rate/% 84.380 10.271 3.601
E SIS 84.380 94.651 98.252

Cumulative contribution rate/%

x5 TEAETEM—SWHALGZETIHE,
Table 5 Comprehensive score rankings of Qingzhen No. 1

seedling leaves under different treatments

A Gamy  GERSY
ﬁ?:tment Principal component score Ss(zzprehe- g:g’ggg?:n'
F1 F2 F3 score (F) ranking

CK 14871 -1.3780 0.0690 1.1157 1

SA -1.2944 -0.7704 13451 -1.1229 6

Tl -0.0383 0.7533 -0.1006 0.0414 3

T2 07819 13926 0.8640 0.8339 2

T3 -0.2919 -0.0183 -1.2595 -0.2936 4

T4 -0.6443 0.0208 -09181 -0.5746 5

S8 1.115 7(CK) «—1.122 9(SA) . 0.041 4 (T1) .
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