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Abstract

Objietive:

Salt stress seriously affects crop growth, and the seedling stage is the most sensitive period for cotton
to salt stress. Improving salt tolerance in cotton seedling stage is the key to cotton production. Small
molecule peptides (PHs), as a biostimulant, can alleviate the effects of salt stress and improve crop salt
tolerance. This study explores the growth, physiology, transcriptome, and metabolome of cotton to clarify
the effects of small molecule peptides on cotton growth, antioxidant capacity, ion homeostasis,
transcription, and metabolic changes. It elucidates the regulatory effects and salt tolerance mechanisms of
small molecule peptides, providing some reference for their application and theoretical basis for alleviating
the impact of salt stress on cotton production.

Methods:

This study includes two pilot experiments and a pot experiment. Firstly, two preliminary experiments
were conducted to determine the suitable application method of small molecule peptides for seed soaking.
Then, a pot experiment was conducted to explore the alleviating effect and mechanism of PHs on salt stress
in cotton. A pot experiment was conducted with three salinity treatments: 0.52 g/kg (S1), 2.52 g/kg (S2),
and 4.52 g/kg (S3), and four pH concentration treatments: no soaking (CK), 0.2 g/L pH soaking (P1), 0.5
g/L pH soaking (P2), and 0.8 g/L pH soaking (P3), for a total of 12 treatments. Each treatment was repeated
four times. By measuring the growth indicators, photosynthetic parameters, antioxidant enzyme activity,
osmoregulatory substance content, ion content, and ion ratio of cotton seedlings, the effects of small
molecule peptides on cotton growth and physiological characteristics under salt stress were elucidated.
Metabolome and transcriptome measurements were conducted on the treatment with small molecule
peptides that showed the best performance, in order to explore the maximum metabolic pathway of cotton
affected by small molecule peptides and elucidate the molecular mechanism by which small molecule
peptides improve salt tolerance in cotton.

Results:

(1) When the concentration of small molecule peptide soaking seeds is 0.2-0.8g/L, it promotes cotton
seed germination, increases cotton germination rate and hypocotyl length; The best effect is achieved when
the soaking time is 8 hours. Low to medium concentration drip application has no significant effect on
cotton growth, while high concentration drip application inhibits cotton growth.

(2) The application of small molecule peptides alleviated the effects of salt stress on the growth of

cotton seedlings. Small molecule peptides increased cotton stem thickness, leaf area, dry and fresh weight,



and root development (root length, average root diameter, volume, surface area, and root tip number). The
content of photosynthetic pigments and photosynthesis in cotton also significantly increased, with the best
seed soaking effect observed at a concentration of 0.5g/L.

(3) The application of small molecule peptides optimized the physiological characteristics of cotton
seedlings and regulated the ion balance of cotton cells. Small molecule peptides significantly reduced the
content of malondialdehyde in cotton, increased the activity of antioxidant enzymes (SOD, POD, CAT,
APX) and the content of osmoregulatory substances (free Pro, soluble sugar, soluble protein) in cotton; The
application of small molecule peptides also reduced the Na+content of cotton leaves, stems, and roots,
increased the K+and Ca2+content, and maintained the K+/Na+and Ca2+/Na+ratios of cotton leaves, stems,

and roots at a high level. Among them, soaking seeds with 0.5g/L PHs had the best effect.

(4) Applying small molecule peptides to regulate transcription and metabolism in cotton leaves and
roots. Small molecule peptides mainly affect glutathione metabolism, phenylpropanoid biosynthesis,
flavonoid biosynthesis, and flavonol biosynthesis in cotton leaves and roots. However, in leaves, they
mainly affect glutathione metabolism, phenylpropanoid biosynthesis, and flavonoid biosynthesis, while in
roots, they mainly affect glutathione metabolism, flavonoid biosynthesis, and flavonol biosynthesis. In the
transcriptome, small molecule peptides mainly affect the biosynthesis of flavonoids and phenylpropanoids
in cotton leaves and roots.

(5) Metabolomics analysis showed that salt stress significantly inhibited the accumulation of most
phenylpropanoid metabolites such as flavonols, flavonol glycosides, flavins, catechins, and anthocyanins in
cotton roots; After the application of small molecule peptides, the accumulation of most phenylpropanoid
substances significantly increased. Transcriptomic analysis showed that the application of small molecule
peptides significantly upregulated the expression of phenylpropanoid metabolism genes such as PAL, 4CL,
CHS, CHI, CAD, DFR, F3H, F3'S'H, ANS, LAR, ANR, etc. Comprehensive metabolomics and
transcriptomics analysis showed that the expression of LOC107905535, CSE, and F5H family genes in the
CAD family was significantly correlated with the accumulation of most metabolites, and were key genes
regulating the synthesis of phenylpropanoid metabolites in cotton.

Conclusions:

Small molecule peptides promote the growth, root development, biomass accumulation, and
photosynthetic efficiency of cotton seedlings under salt stress; It also increased the activity of antioxidant
enzymes, reduced oxidative damage to cotton growth under salt stress, alleviated osmotic stress by
synthesizing osmotic substances, reduced Na+absorption by cotton leaves, stems, and roots, increased K*
and Ca?" content, and improved cotton K*/Na*, Ca?*/Na*, Taking all the indicators into consideration, the
treatment effect of 0.5g/L small molecule peptide is the best. Small molecule peptides alleviate the effects

of salt stress on cotton by regulating its amino acid metabolism, sugar metabolism, and synthesis of

v



antioxidants. Among them, small molecule peptides significantly affect the transcription and metabolism of
phenylpropanoid biosynthesis and flavonoid biosynthesis pathways in cotton leaves and roots.

Key words: Salt stress; Small molecule peptides; Cotton; Antioxidant substances; metabolome
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