2O ZF R 2026,43(2): 270-278

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20250346

N-#x BB E S L B NEEXT )\ 1%
5 SC A BT EL 4 B9S2
ANAEZL,FACNLRLBERZ 2 BLK HLESE”
CBEBAK S 2 5205, TEITRUR 8433005 “Hnfooll K3 S AKSE24% , RIL 430070)

O [EBMR I N-PRIE o 3 v 22 208 9 I8 CAHIL) 50 A 53 30C8-HSL X 3¢ 5L £ 2 il %46, 29 #1 30C8-
HSL 582 Az P AR A 287 SF 7 A i 3 225 DR 3R 1 S 0 A 0 20 7 R AL, Dy SRR PSR Al AR 2 R 5 Ak R R AR 2 i
W LF7 R TUASE JL R F ARG A )\ B 13 5 (Malus robusta) SEAETH AT 73T %, ¥ B 0 mmol - L' NaClCIE 5 A K 25 4O AN
200 mmol - L' NaCl1C: il 2614 ) 9 Ff AL BE , 4630 10 umol - L™ () 30C8-HSL WAl Ak A= K 88 7P 187 LS AL BE /1 A it
HH I R A 1 5 [ 45 SR )AE IE 3 2B K 461 R, 30C8-HSL AL BRI 2 4 3k )\ B g 3 S AR i AR K, 35 vk v (+
23.74%) BE B (+17.23%) A3 205 B (+4.06%) , % 9 30CS-HSL WHAEY) K AE K A IRk o« 78 S it 46 1
T ,30C8-HSL b #3858 1 50 A B (W #h P, 0 35 B IR i (+11.61%) 8 o 55 (+26.38% ) FH T 43 32 5 5 (+36.98%)
AT % (MDA % 55 (=36.20%) , BE % Na & 5 (—11.01%) FF 78 K& 8 (+19.46%) , 1 2 25 F4K T Na'/K' |
(=22.17%) o A TR W], 30C8-HSL ALEE i T 2 ANt £hAH G i % £: (R ek , T BRI e AR 1 7 i
H KA A BT R A (451 130C8-HSL il fEilid Wi A K R B B RS AR & i, ok 7 )\ il
SR I B AE .

BRI\ WIS s R IA s N-0 5 o I 5 v 42 R Y IR s Na /KP4

FE S :S661.4 RKFRARRS : A X EHRS :1009-9980(2026)02-0270-09

Effect of N-Carbonyloctanoyl homoserine lactone on salt tolerance of Ma-

lus robusta seedlings

LIU Dongxin', LI Hongfei’, DENG Lile’, PAN Ying’an’, JIN Qiang', ZHANG Rui', PAN Zhiyong™
('College of Horticulture and Forestry, Tarim University, Alar 843300, Xinjiang, China; *College of Horticulture and Forestry, Huazhong
Agricultural University, Wuhan 430070, Hubei, China)

Abstract: [Objective] The aim of this study was to investigate the effects of exogenous N-carbonyloc-
tanoyl homoserine lactone (30C8- HSL) on salt tolerance of Malus robusta seedlings by evaluating
growth performance, physiological parameters, and the expression of salt-responsive genes under salt
stress. [Methods] A greenhouse pot experiment was conducted with four treatment groups: Including
the control group (CK, 0 mmol - L' NaCl + water), the 30C8-HSL treatment group (AC, 0 mmol - L™
NaCl + 10 umol-L"' 30C8-HSL), salt stress group (Salt, 200 mmol-L" NaCl + water), and 30C8-HSL +
salt stress group (AS, 200 mmol - L'' NaCl + 10 umol - L' 30C8-HSL). Each treatment was applied to
the seedlings for 45 days. 30C8-HSL solution (10 pmol - L") was drench-applied to the root zone on
days 1, 7, and 14, while salt stress was imposed by watering with 200 mmol-L" NaCl every 3 days. The
growth parameters (plant height and fresh mass) were measured at the end of the experiment. The leaf
chlorophyll content was determined (total chlorophyll, as well as chlorophyll a and b) as an indicator
for photosynthetic status. The malondialdehyde (MDA) content in seedling roots was quantified to as-

sess lipid peroxidation (oxidative stress damage). The leaf Na® and K ' concentrations were measured,

Yiis H#A:2025-06-19 5 A#A:2025-08-07
TEE B UREE, I R 7 A W 5007 100 9 R g% % . E-mail: 934364000@qq.com
*1B{54E#& Author for correspondence. E-mail : zypan@mail.hzau.edu.cn



#2 FUZREE 5 0 N-FRIE S IO KL vy 22 R PN B X )\ g 258 S22 T i e P P S 271

and the Na'/K" ratio was calculated to evaluate ionic homeostasis under each treatment. For molecular
analysis, the root samples from salt-stressed seedlings with and without 30C8-HSL were subjected to
RNA sequencing (RNA-seq). Differentially expressed genes (DEGs) between the AS treatment and Salt
treatment were identified using DESeq?2 (standard: |log, fold change| >1 and adjusted p-value<<0.05).
The gene Ontology (GO) enrichment analysis was performed to characterize the biological processes en-
riched among these DEGs. Furthermore, four DEGs associated with stress responses were selected for
validation by quantitative real-time PCR (RT-qPCR): MdPAL, MdGST, MdHKTI, and MdLRR- RLK.
[Results] The Growth and Physiological Responses: Under non-saline conditions, the exogenous 30C8-
HSL markedly promoted the growth of Malus robusta seedlings. The treated seedlings exhibited a
23.74% increase in plant height and a 17.23% increase in fresh mass compared with the untreated con-
trols, along with a slight but significant rise in the leaf chlorophyll content (+4.06%). These results in-
dicated that 30C8-HSL itself had a growth-promoting effect even without stress. Under salt stress
(200 mmol - L'' NaCl), 30C8-HSL application substantially improved seedling performance and stress
tolerance. The 30C8-HSL-treated salt-stressed seedlings grew taller (+11.61% plant height) and heavier
(+26.38% fresh mass than those under salt stress alone. Notably, 30C8- HSL alleviated salt-induced
damage: the treated seedlings maintained significantly higher chlorophyll levels (total chlorophyll +
36.98% vs salt control), indicating better photosynthetic capacity under stress. In addition, 30C8-HSL
reduced oxidative damage, as evidenced by a 36.20% reduction in root MDA accumulation under salt
stress relative to untreated seedlings. This lower MDA level suggested that 30C8-HSL would enhance
the antioxidant defense, thereby protecting cellular membranes from peroxidation damage caused by
salt stress. The Ion Homeostasis: 30C8-HSL also improved ionic balance in Malus robusta under salini-
ty. In the salt-stressed seedlings, 30C8-HSL treatment led to significantly lower Na" accumulation and
higher K" retention in plant tissues. Specifically, the Na® content in the 30C8-HSL-treated seedlings
was 11.01% lower than that in the untreated salt-stressed controls, while the K" content was 19.46%
higher. Consequently, The Na /K" ratio, a key indicator of ion homeostasis under salt stress, was re-
duced by 22.17% in the 30C8-HSL group compared with the salt treatment alone. This improvement in
Na'/K" homeostasis reflected a better maintenance of ionic equilibrium, which is crucial for salt toler-
ance. The results suggested that 30C8-HSL would help seedlings limit sodium uptake or transport and/
or enhance potassium uptake, thereby mitigating ion toxicity under high salinity. Consistently, the treat-
ed seedlings showed healthier morphology and less salt injury than the untreated ones (greener leaves,
less wilting), as observed qualitatively during the experiment. The Gene Expression and Pathway Acti-
vation: The transcriptome profiling of roots under salt stress revealed significant molecular changes due
to 30C8-HSL. A total of 560 genes were differentially expressed in the 30C8-HSL-treated vs. untreat-
ed salt-stressed roots, with 177 genes upregulated and 383 downregulated (adjusted P<<0.05). The GO
enrichment analysis of these DEGs indicated that 30C8-HSL activated multiple stress-responsive path-
ways. Many of the upregulated genes were associated with secondary metabolite biosynthesis and de-
fense-related processes. In particular, biological process categories such as phenylpropanoid biosynthet-
ic and metabolic pathways (involved in the synthesis of lignin and other phenolics), glutathione metabo-
lism, response to wounding, and cuticle development were significantly enriched among the 30C8-
HSL-induced genes. These results implied that 30C8-HSL would trigger a broad reprogramming of the
plant’ s stress response at the molecular level, enhancing both structural and chemical defenses under
the salt stress. Importantly, several key salt-tolerance genes were strongly upregulated by 30C8-HSL

treatment. For instance, transcripts of the MdPAL (phenylalanine ammonia-lyase, a rate-limiting enzyme
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in the phenylpropanoid pathway leading to lignin synthesis) increased 4.6-fold in the 30C8-HSL-treat-
ed roots (after 7 days of salt stress) compared with the untreated controls. The MdHKTI, encoding a
high-affinity K" transporter involved in Na'/K" homeostasis, was upregulated 9.6-fold, and the MdLRR-
RLK, encoding a leucine-rich repeat receptor-like kinase implicated in stress signal perception, rose by
8.4-fold (both after 7 days). Additionally, the MdGST (glutathione S-transferase, involved in detoxifica-
tion and ROS scavenging via the glutathione pathway) showed a 6.4-fold induction at 24 hours after
treatment. The robust induction of these genes, which would play roles in lignin biosynthesis (cell wall
fortification), antioxidant activity, ionic transport, and stress signaling, would underscore the multi-fac-
eted mechanism by which 30C8-HSL would enhance salt tolerance. [Conclusion] This study demon-
strated that the exogenous 30C8-HSL improved the salt tolerance of Malus robusta seedlings by pro-
moting growth, enhancing photosynthetic capacity, maintaining Na'/K" homeostasis, and reducing oxi-
dative damage. The transcriptome and RT-qPCR analysis showed that the 30C8-HSL upregulated the
expression of the MdPAL, MdGST, MAHKTI, and MdLRR-RLK, and activated pathways related to phen-

ylpropanoid metabolism and glutathione metabolism under the salt stress. These results would provide a

43 %

theoretical basis for the application of AHL signals in improving salt resistance of apple rootstocks.
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Gene name Gene ID Primer sequence

EF-lo DQ341381 F:ATTCAAGTATGCCTGGGTGC
R:CAGTCAGCCTGTGATGTTCC

MdPAL MD14G1224400 F:CTTAGTGAGAAAGTCGGTGAGCT
R:CTGACAAGAACATGACCTCCTCT

MdGST MD15G1132200 F:AAATCCACCCAACGTCTACTACC
R:CACAAATGCGATCGAACTTCTCTC

MAHKTI MDO05G 1258000 F:ATGTGGGATGCAGTTTCAAAGC
R:CCTCCTTTAACGTCTCCTCCTTC

MALRR-RLK MD17G1099500 F:GGATGAGTATGAAAAGCTCTGCC

R:ATGGTTCCTGCTGTCTATGTGAG
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