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Integrated Physiological and Transcriptome Analyses of The Effects of Water-

soluble Amino Acid Fertilizer on Plant Growth

Abstract

Tobacco is a key component of China's economy, serving as a major cash crop. With
traditional fertilizers reaching their maximum potential in promoting tobacco growth,
the exploration of new fertilizers has emerged as a viable solution for advancing
experimental sustainable development. Spraying foliar fertilizer is a key measure to
improve tobacco yield and quali% This study employed a combination of field and
pot experiments to investigate the effects of applying water-soluble amino acid
fertilizers on the growth, development, and quality of tobacco. The results of
transcriptome analysis and physiological index measurements indicate that the
application of water-soluble amino acid fertilizer can enhance the area of tobacco
leaves, promote photosynthesis, and improve the chemical composition of the leaves.
This rescarch determined that the optimal concentration for spraying water-soluble
amino acid fertilizer is diluted 500 times. Transcriptome analysis identified a total of
6,489 differentially expressed genes (DEGs), including 3,843 genes that re up-
regulated and 2,646 genes that were down-regulated. Gene Ontology (GO) analysis
demonstrated that these DEGs were
significantly associated with processes including cell recognition,
photosynthesis, thylakoid components, calcium ion inding, and carbohydrate
binding. Additionally, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathwa

enrichment analysis emphasized that the DEGs were largely found in
pathways related to photosynthesis-antenna proteins, interactions between plants and
pathogens, photosynthesis itself, phenylpropanoid biosynthesis, and plant hormone
signaling. Further research revealed that a significant number of genes involved in the
auxin, gibberellin, salicylic acid, and jasmonic acid signal transduction pathways
exhibited varying expression patterns following te application of water-soluble

51
amino acid fertilizers. Additionally, the expression levels of bZIP, MYB, WRKY,
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bHLH, and AP2/ERF transcription factors exhibited significant variations following
1
the application of water-soluble amino acid fertilizer. These results analyze the

mechanisms of action of Eater-soluble amino acid fertilizers, offering new effective
14
strategies to enhance both the yield and quality of tobacco.

Key words: fertilizer, plant hormone, tobacco, transcriptome

1 Introduction

Flue-cured tobacco (Nicotiana tabacum L.) is a crucial component of China's
economy d plays a vital role in the cigarette manufacturing sector. As the tobacco
market continues to evolve, there is a growing demand for higheﬁmlity in tobacco
production. Consequently, it is imperative to focus on enhancing the quality of flue-
cured tobacco throughout the cultivation process.

Tobacco quality is regulated by various agronomic measures, with fertilization
being a crucial factor in the production of high-quality leaves (Lisuma et al. 2023).
However, due to variations in soil nutrient conditions and the uptake patterns of flue-
cured tobacco, relying solely on a single application of chemical fertilizer is
insufficient to maximize economic benefits and enhance tobacco quality.
Consequently, the use of foliar fertilizer spraying has emerged as an effective strategy
to supplement and balance the diverse nutrients required during growth (Tang et al.
2020). Foliar fertilizer application is a rapid, effective, and precise method of
fertilization that can be employed alongside soil fertilization to promote plant
development (Ishfaq et al. 2022). This approach serves as an effective strategy for
improving soil conditions and crop quality, particularly in scenarios where soil
nutrient availability is limited and the rate of nutrient loss from the soil is clevated (
Moura et al. 2023). The application of a 0.2% zinc fertilizer to the foliage can increase
the levels of zinc and magnesium, enhance photochemical characteristics, stimulate
leaf development, and improve the photosynthetic capacity in sugar beeﬁlants (Zhao

et al. 2024). Additionally, applying potash to the foliage improves the nutritional

profile of wheat by increasing the levels of micronutrients and reducing phytate
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concentrations. Furthermore, it enhances flour quality for processing by raising the
amounthjgh-molecular-weight glutenin subunits (HMW-GS) (% et al. 2023). The
application of molybdenum through foliar spraying elevates the expression levels of
CBF/DREB genes, resulting in higher levels of phenolic compounds and free proline.
This process assists plants in mitigating the toxic effects associated with elevated
cadmium levels (Ali et al. 2023). Amino acid foliar fertilizer, also referred to as
nutritional health care fertilizer, is composed of amino acids and various nutrients
(Souri, 2016). The application of foliar fertilizers containing amino acids on crops
presents several advantages. Certain amino acids serve as growth enhancers,
facilitating the uptake of carbon dioxide during photosynthesis. Furthermore, the
absorption of amino acid foliar fertilizer by plants results in increased chlorophyll
levels, which enhances metabolic activities and improves the photosynthetic
efficiency of the leaves. This, in turn, positively influences th the yield of crops and
the quality of the harvested produce (Luo et al. 2023). The utilization of amino acids
not only increased the quantity but also enhanced the quality of secondary metabolites
found in spinach, such as flavonoids and phenolics, while simultancously promoting
growth, improving yield traits, boosting nutrient uptake, and increasing antioxidant
activities (Kausar et al. 2023). Research indicates that the foliar application of
essential amino acids%niﬁcantly improved the growth, biochemical properties,
antioxidant capacity, and nutritional value of cabbage (Haghighi et al. 2022).
However, the effects of amino acid foliar fertilizers on tobacco have yet to be
explored.

Advancements in gene sequencing technology have established RNA-seq as a

predominant approach in transcriptome studies due to its high throughput, sensitivity,
and diverse utility (Cervantes-Pérez et al. 2022). Recently, there has been

considerable growth in the field of transcriptomics, which aims to elucidate the

molecular mechanisms associated with plant growth. A study conducted by Song et al.
18

(2016) demonstrated that the application of organic fertilizers resulted in a si%iﬁcant

increase in starch accumulation in tobacco leaves. Their transcriptomic analysis
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revealed that the expression levels of AGPase, SS, and SBE were higher in plants
treated with organic fertilizer compared to those receiving chemical fertilizer.
Notably, genes such as AGPS3, AGPSL, GBSSI, and SS1 are likely crucial for starch
synthesis in leaf tissues. The study involved transcriptomic analyses of tobacco plants
during the seedling and emergence phases, exposing them to both ambient and low-
temperature conditions. They identified multiple genes related to the flowering
process and found that the downregulation of NbXTH22 rendered the tobacco plants
unresponsive to low-temperature cues, resulting in early flowering (Xu et al. 2022).
Transcriptomics plays a vital role in identifying key genes that influence the growth
and development of tobacco plants. Consequently, employing transcri&tomic analysis
is critical for exploring the molecular mechanisms associated with the growth and
development of tobacco when utilizing a water-soluble amino acid fertilizer.

In recent years, the availability of various types of foliar fertilizers in China has
steadily increased. However, factors such as crop variety, application concentration,
and application methods often prevent the achievement of the expected fertilizer
efficiency levels. Furthermore, the lack of understanding regarding the mechanisms of
action of most foliar fertilizer products has resulted in the widespread issue of
irrational fertilization, which has not significantly improved the quality of tobacco
leaves. This research utilized a water-soluble amino acid fertilizer to establish a
theoretical foundation for the development and application of an innovative foliar
fertilizer aimed at enhancing tobacco growth. e study investigated the effects of this
fertilizer on tobacco growth, photosynthesis, the quality of post-roasted tobacco, and
the underlying mechanisms of its effects through both potting and field experiments.

2 Materials and methods

In this study, NCS55, one of the key popularized tobacco varieties in Shandong
Province, was selected as the material, and the organic water-soluble foliar fertilizer
was provided by Shandong Aikang Bio-technology Co. According to the standard of
Q/371523SDAK002-2023, and the dosage form was aqueous, with the content of
potassium (as K20) of 168.82 g/L, free amino acid content of 905.55 g/L, organic
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matter content of 291.09 g/L, total nitrogen content of 50.05 g/L.

2.1 Field experiment

The field study took place in Laiwu, located in Shandong Province (36°20'N, 117°

83'E). The fundamental physical and chemical characteristics of the soil are detailed

in Table 1. At the start of the peak growing secason, foliar plication of a water-
soluble amino acid fertilizer was performed, targeting the leaves of tobacco plants on
both surfaces. The spraying was strategically scheduled for a sunny afternoon,
following a period of dry weather. Four distinct concentrations were applied: CK
(treated with deionized water), T1 (treated with water-soluble amino acid fertilizer
diluted at a ratio of 750:1), T2 (treated with water-soluble amino acid fertilizer at a
500:1 dilution), and T3 (treated with water-soluble amino acid fertilizer diluted to

375:1). Additional field management activities were execcuted in accordance with

established cultivation protocols.

2.2 Pot experiments design

A pot cultivation experiment was carried out in the tobacco laboratory at Shandon
Agricultural University, situated in Shandong Province, China, to investigate ﬁ
effects of water-soluble amino acid fertilizer on tobacco growth.The floating nursery
was used to cultivate the tobacco seedlings, and when the seedlings grew 4-5 leaves,
the healthy seedlings with uniform size and developed root system were selected to
transplant into pots with a diameter of 17 cm, and the pots were placed in-light
incubator for cultivation. The seedlings were treated by spraying fertilizers (F) and
deionized water (CK) after 7-10 days of seedling slowing down, and the concentration
of sprayed fertilizers was 1500 times of liquid solution.

2.3 Agronomic traits

From each plot, five typical tobacco plants were chosen for tagging and labeling. In
accordance with the "Tobacco Agronomic Traits Survey and Measurement Methods"
(YC/T142-2010), a flexible measuring tape was utilized to assess the stem's

circumference. Simultaneously, measurements for plant height, the maximum length
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of leaves, and the maximum width of leaves were also obtained using the tape.
1
Furthermore, the leaf area was determined using the following formula: Leaf area =

Leaf length x Leaf width x 0.6345.

2.4 Photosynthetic parameters

Data was %ered from 9:00 to 11:00 a.m. The central tobacco leaves were

measured for net photosynthetic rate, transpiration rate, stomatal conductance, and
1
intercellular CO2 concentration using a LI-6400 photosynthesizer (LI-COR, Lincoln,
25
NE, USA). Furthermore, a SPAD-502 portable chlorophyll meter (Minolta, Ltd.,

Osaka, Japan) was utilized to evaluate the chlorophyll SPAD value.

2.5 Chemical quality analysis of post-roasting tobacco
A continuous flow analysis system was employed to assess the levels of nicotine,
total sugars, reduced sugars, and the concentrations of potassium and chlorine, in
2

accordance with the Tobacco Industry Standard (YC/T468-2013, YC/T159-2019,
YC/T 217-2007, and YC/T 162-2011).

2.6 RNA extraction and transcriptome sequencing

RNA extraction and transcriptome sequencing methods were consistent with our
previous studies (Liu et al. 2023). Total RNA was isolated from tobacco leaves, and a
sequencing library was generated and sequenced on the NovaSeq 6000 platform after
multiple steps including mRNA extraction, cDNA synthesis, fragmentation, adapter

ligation, size selection, PCR enrichment, and purification.
2.7 Data analysis

Preliminary statistics and data processing were conducted using Microsoft Office
Excel 2016; for further analysis of %niﬁcant differences and correlation, SPSS
software was employed; the processed data were visualized with Origin 2021.

3 Results

3.1 Effect of foliar spraying of water-soluble amino acid fertilizer on agronomic

traits of tobacco

During the squaring stage, treatments T2 and T3 significantly increased plant
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height and leaf length compared to the confrol (CK), whereas T1 exhibited no
significant changes. At the topping stage, the observed changes were consistent with
those noted during the squaring stage. By the maturing stage, T2 resulted in
significant increases in plant height (35.68%), stem girth (6.17%), leaf length
(15.74%), leaf width (14.62%), and leaf area (32.43%) when compared to CK.
Similarly, T3 also produced significant increases in plant height (34.46%), stem girth
(8.82%), leaf length (16.61%), leaf width (20.16%), and leaf area (49.15%). In
contrast, T1 showed no significant changes (Fig. 1). A similar outcome was observed
in the pot experiment (Fig. 3).

3.2 Effect of foliar spraying water-soluble amino acid fertilizer on

photosynthetic characteristics of tobacco
During the squaring phase, there was a notable increase in net photosynthesis,

transpiration rates, stomatal conductance, and SPAD measurements for both T2 and
T3. Concurrently, these treatments significantly reduced the intercellular CO2
concentration compared to the control group (CK). In contrast, T1 did not exhibit any
significant changes. At the topping stage, the trends were similar to those observed
during the squaring stage, except that stomatal conductance did not show significant
differences across any of the treatments. At the maturing stage, the trends for T2 and
T3 remained consistent with those of the squaring stage; however, T1's transpiration
ratc was significantly different from CK, while other parameters did not show
significant differences from CK (Fig.2).
3.3 Effect of foliar spraying of water-soluble amino acid fertilizer on chemical
composition

e application of water-soluble amino acid fertilizer resulted in enhancements to
the chemical composition of tobacco leaves (Table 2). Compared to CK, all
experimental treatments demonstrated increased levels of potassium, total sugars, and
reducing sugars. Treatment T2 exhibited a significant reduction in chlorine content by
2.31%, while treatments T1 and T3 showed no notable changes. The nicotine levels in

T1, T2, and T3 were significantly decreased by 5.64%, 7.14%, and 6.77%,
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respectively, with the most substantial reduction occurring in treatment T2. No
significant differences were noted in the content of reducing or total sugars among the
treatments. The ratio of reducing sugar to nicotine was significantly increased in
treatments T1, T2, and T3, with T2 achieving the highest ratio, followed by treatment
T3.

3.4 Differentially expressed genes (DEGs)

Principal component analysis (PCA) and Pearson's correlation coefficient (PCC)
are effective tools for uncovering the degree of similarity among various samples. A
closer PCA distance indicates greater similarity between samples. In this study, the
relationships among different samples were assessed by analyzing the FPKM values
corresponding to each gene across all samples, leading to the development of a three-
dimensional scatterplot model based on PCA (Fig. 4A). e experimental results
revealed that the three sets of replicates for the six samples in the CK treatment and
the F treatment were distinctly separated into two groups. In contrast, the three sets of
replicates for the two treatment groups were predominantly clustered together, thereby
reinforcing the credibility of the test results. Fig. 4B illustrates that the coefficient of
correlation (R*) among biological replicates ranged from 0.86 to 0.99, indicating
strong reproducibility within the treatment sets. In leaf samples treated with a
fertilizer composed of water-soluble amino acids, a total of 6,489 genes exhibited
differential expression, with 3,843 genes being up-regulated and 2,646 down-

regulated relative to the control group (Fig. 5).

3.5 KEGG pathway analysis and GO analysis

The analysis of KEGG metabolic pathways for functional enrichment revealed that
1,135 differentially expressed genes (DEGs) were significantly associated with 122
pathways. Notable pathways exhibiting significant enrichment included those related
to antenna proteins in photosynthesis, interactions between plants and pathogens, the
process of photosynthesis itself, the biosynthesis of phenylpropanoids, the metabolism
of glyoxylate and dicarboxylate, the MAPK signaling pathay in plants, and

pathways involved in hormone signal transduction (Fig. 6A). Gene Ontology (GO)
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analysis of the aforementioned DEGs indicated a substantial presence of both
significantly p-regulated and down-regulated DEGs across various functional
classifications in tobacco seedlings treated with a water-soluble amino acid fertilizer.
An examination of top 20 GO terms that were significantly enriched in the
modules of up- and down-regulated genes revealed a focus on processes such as cell
recognition, pollination, multicellular organism processes, photosynthesis,
components of thylakoids, calcium ion binding, carbohydrate binding, and iron ion

binding, among other biological functions (Fig. 6B).

3.6 Analysis of DGEs for plant hormone signal transduction

The influence of fertilizer containing water-soluble amino acids on the expression
of genes associated with hormone signaling molecules was substantial. This fertilizer
significantly promoted the levels of four types of phytohormones: auxin (IAA),
gibberellin (GA), jasmonic acid (JA), and salicylic acid (SA) (Table 3, Fig. 7, and Fig.
8). Within the IAA signaling pathway, nine fferentially expressed genes were
identified, including the early growth hormone-responsive genes SAUR and AUX/IAA,
the growth hormone-responsive factor ARF, and the gene encoding a growth
hormone-inducible protein 15A. the GA signaling pathway, three genes encoding
the soluble GA receptor protein GID1 were discovered. I the JA signaling pathway,
the gene for the transcriptional activator MYC2, along with the gene for the T/FY
protein, as well as the jasmonate-amide synthetase JAR/ gene, were identified as
exhibiting significantly different expression trends. Additionally, one gene involved in

the SA signaling pathway was identified, which displayed significantly different
2

expression trends induced by the water-soluble amino acid fertilizer.

3.7 Analysis of transcription factors

pplication of water-soluble amino acid fertilizer significantly affected the
expression of transcription factors (Fig. 9). Genes encoding the WRKY family and the
AP2/ERF family were significantly up-regulated in response to water-soluble amino

acid fertilizer induction. LOC{07781073, LOC107782356 encoding bZIP family were
significantly up-regulated, LOCI107777300, LOCI107800850, LOCI07824387,
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LOC107827402 were significantly down-regulated. LOC107822143, LOCI107810011,
LOC107782691, LOCI107810761, LOC107819472, and LOC107812738 encoding the
MYB family were significantly up-regulated, LOCI107813082, LOCI07767321,
LOC107807713, and LOCI07812656 significantly downgraded. LOCI07783787,
LOCI07808991 encoding the bHLH family were significantly up-regulated and
LOCI07769162, LOCI07760028, LOCI107780395, LOCI07811315  were

significantly down-regulated.

4 Discussion
4.1 Water-soluble amino acid fertilizer promoted the growth of tobacco

The traits of leaves, including their length, width, and surface area, influence not
only the yield of tobacco but also the quality and market appeal of tobacco products
(Ikram et al. 2022). The use of foliar fertilizers in the cultivation of flue-cured tobacco
is a critical strategy for enhancing both quality and yield of tobacco leaves.
Research indicates that a 0.25% solution of water-soluble foliar fertilizer significantly
improved root activity, f area, dry weight of shoots, root length, and root mass in
rapeseed plants (Wang et al. 2014). Additionally, studies have shown that the
application of glycine to the leaves markedly increased leaf surface area, dry weight
of stems, yield, and quality of cucumbers (Zargar Shooshtari et al. 2020). This
research further demonstrated at the application of water-soluble amino acid
fertilizer through foliar spraying si%iﬁcantly enhanced the length, width, and surface
area of flue-cured tobacco leaves, thereby promoting the growth and development of
the plants (Fig. 1). This approach has shown beneficial effects on ﬂ development of
tobacco plants and improved the quality of tobacco production at various stages,
including seedling, squaring, topping, and maturation (Wang et al. 2023).

4.2 Water-soluble amino acid fertilizer improved photosynthetic characteristics

of tobacco

Enhancing the photosynthetic efficiency of tobacco is essential for improving both
its yield and quality (Chen et al. 2023). The SPAD value of chlorophyll serves as a

comparative metric indicating the chlorophyll levels in a crop and demonstrates a
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positive correlation with leaf photosynthetic activity (Castelli and Contillo 2009).
Treatments T2 and T3 significantly improved te photosynthetic characteristics and
chlorophyll SPAD values of flue-cured tobacco leaves throughout all reproductive
phases (Fig. 2). Research indicates that ino acid fertilizers promote crop growth
and enhance photosynthetic features en compared to conventional fertilizers.
Furthermore, these fertilizers facilitate the synthesis and distribution of photosynthetic
compounds throughout the entire plant (Masclaux-Daubresse et al. 2010). Studies
have shown that the application of foliar sprays containing amino acids markedly
boosts plant growth, resulting in increased levels of dry matter and chlorophyll in
soybean crops (El-Aal 2018).

4.3 Water-soluble amino acid fertilizer improved tobacco leaf chemistry

composition

In the tobacco quality assessment framework, the uniformity of inherent tobacco
quality is a significant evaluation parameter that receives considerable attention from
tobacco processing companies. The fundamental traits include al sugar, reducing
sugar, total nitrogen, total alkali, chlorine, and potassium. Optimal levels of these
components ay a crucial role in influencing the characteristics of flue-cured tobacco
smoke and the overall smoking experience (Hu et al, 2022). The morphological
development of the tobacco plant greatly affects the chemical characteristics of the
tobacco leaf, which in turn impacts the quality and availability of the leaf. Hu et al.
2023) demonstrated that applying amino acids through foliar spraying significantly
increased the concentrations of glycine, methionine, and phenylalanine in potato
tubers. Consequently, the concentrations of 2.3-dimethylpyrazine and 2-ethyl-3-
methylpyrazine in the potatoes increased, leading to an improved aroma profile for
baking in the tubers. This study suggested tat the application of water-soluble amino
acid fertilizer through foliar treatment might reduce nicotine levels while enhancing
the ratio of reducing sugars to nicotine, thereby favorably influencing the inherent

chemical composition of the upper leaves (Table 2).

4.4 Molecular mechanism of water-soluble amino acid fertilizer in regulating
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tobacco growth

Transcriptome sequencing technology can be applied to the analysis of plant
metabolic pathways, refinement of genome annotation, and screening of specific
functional genes. This research utilized Illumina high-throughput sequencing
techniques to analyze the transcriptome of tobacco leaves, which were either treated
with water-soluble amino acid fertilizer or left untreated. A comparison between the
fertilizer-treated and CK groups revealed a total of 6,489 DEGs, comprising 3,843
that were up-regulated and 2,646 that were down-regulated (Fig. 5). GO analysis
indicated that the DEGs were closely associated with processes related to cell
recognition, pollination, multicellular organism processes, photosynthesis, thylakoid
components, calcium ion binding, carbohydrate binding, and iron ion binding (Fig.
6B). Enrichment analysis of KEGG pathways howed that the DEGs were
predominantly enriched in several pathways, including photosynthesis-antenna
proteins, interactions with plant pathogens, photosynthesis, biosynthesis of
phenylpropanoids, metabolism of glyoxylate and dicarboxylate, signaling through the
MAPK pathway, and transduction of plant hormone signals (Fig. 6A). These
pathways likely play a crucial role in regulating tobacco growth and development
through the application of water-soluble amino acid fertilizers.

The owth and development of plants are significantly influenced by
phytohormones, which are essential in overseeing leaf differentiation, growth, and
overall development. These hormones are crucial for controlling numerous facets of
plant growth, such as cell elongation, division, orientation, phototropism, as well as
the development of primary and lateral roots, vascular tissues, root hairs, and flowers
(Vanneste and Friml 2009). The regulation of hundreds of genes is influenced by
growth hormone. The primary families of early response genes associated with this
hormone include auxin/IAA, GH3, and SAUR. AUX/IAA functions as a
transcriptional repressor consisting of four conserved domains. In conditions where
growth hormone levels decrease, free AUX/IAA binds with ARF to create a

heterodimer, subsequently preventing the expression of genes responsive to growth
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hormone. Conversely, as the concentration of growth hormone increases, it binds to
the growth hormone receptor transporter inhibitory factor 1 (TIR I/AFB) protein. This
binding s to the ubiquitylation of AUX/IAA and subsequent degradation,
releasing ARF and ultimately facilitating tc expression of growth hormone-
responsive genes (Tan et al. 2007). The SAUR ne family is the largest group of
plant-specific growth hormone response factors, with SAUR being a key regulator of
cell growth by responding to auxin. Overexpression of SAUR protein has been shown
to significantly enhance cell growth (Ren and Gray 2015). In this study, 9
differentially expressed genes related to hormone signaling were identified, including
carly growth hormone-responsive genes such as SAUR and AUX/IAA, the growth
hormone-responsive factor ARF, and the gene encoding a growth hormone-inducible
protein 15A (Table 3 and Fig. 7). These findings suggest that the growth hormone
signaling pathway in leaves is influenced by water-soluble amino acid fertilizer. GA is
a crucial phytohormone that ays a significant role in plant growth and development
processes, such as seed germination, as well as the development of stems, leaves,
flowers, and fruits. Gibberellin influences these growth and developmental processes
via biosynthesis and signaling pathways, leading to enhanced cell elongation,
increased biomass, and stimulation of fruit formation (Ueguchi-Tanaka et al. 2007). In
this experiment, three soluble GA receptor GID1 protein genes were identified in the
gibberellin signaling pathway (Table 3). JA is a class of fatty acid derivatives that
encompasses jasmon acid and its free state derivatives, as well as the active

precursor substance 12-oxo phytodienoic acid (OPDA). According to the findings of

Wasternack et al. (2013), jasmonic acid (JA) and its derivatives are crucial for plant

development as well as their reactions to both biotic and abiotic stresses. The
activation of e JA pathway is controlled by a negative feedback loop that includes
MYC2 and JAZ proteins. The TIFY family of transcription factors, which is exclusive
to plants and previously known as ZIM, plays a key role in mediating interactions
between JA and several other hormone signaling pathways including IAA, GA, ABA,
SA, and ethylene (ETH) (Singh and Mukhopadhyay 2021). The TIFY family,

prevalent in plants, holds significance in regulating stem, leaf, and flower
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development through its four subfamilies. Overexpression of OsTIFY11b in rice leads
to longer leaves during the tasseling stage, her levels of starch and sucrose in leaf
sheaths and stems, and improved grain traits such as increased length, width,
thickness, and a 9%-21% increase in grain weight (Hakata et al. 2012). In
Arabidopsis, the AiTIFY4a and AtTIFY4b genes regulate leaf development as
evidenced by regulating leaf size, limiting the degree of curvature of leaf margins
(White, 2006). In this experiment, the transcriptional activator MYC2 gene, the TIFY
protein gene, and the JA synthase JARI gene were identified in the JA signaling
pathway as showing significantly different expression trends. Salicylic acid (SA),
chemically referred to as o-hydroxybenzoic acid (OHA), is a small, basic phenolic
compound commonly present in plants and derived from cinnamic acid. Research
indicates that SA serves as a crucial endogenous signaling molecule that can trigger
allergic reactions and induce systemic acquired resistance within plant organisms
(Peng et al. 2021). Moreover, the diverse physiological roles of salicylic acid (SA) in
plants are clearly evident in its regulation of physiological processes, which
encompass plant growth, development, maturation, and aging. Additionally, it
enhances anti-stress responses, facilitating resistance to various stressors such as
salinity, drought, low temperatures, ultraviolet radiation, heavy metal exposure, and
others (Kaya et al. 2023).In this study, a specific gene within the salicylic acid
signaling pathway was discovered to exhibit notably varied expression patterns
triggered by an amino acid fertilizer that is water-soluble. These genes, which were
expressed differently, working together influenced the growth of tobacco plants.
ranscription factors play crucial regulatory roles in various processes, including
plant growth, development, and stress response. In our investigation, we discovered
that the scription factor families bZIP, MYB, WRKY, bHLH, and AP2/ERF
exhibited significant differential expression when induced by water-soluble amino
acid fertilizers. e AP2/ERF transcription factor family is prevalent throughout
plant kingdom. These regulatory proteins participate in regulating primary and
secondary metabolism, as well as growth and development programs, and they

respond to environmental stimuli (Licausi et al. 2013). Arabidopsis thaliana
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48
AthZIP18 interacted with AthZIP34, AthZIP52 and AthZIP61 in yeast and is involved

together in pollen development (Gibalova et al. 2009). Research has indicated that

61
maintaining yield levels (Zhang et al. 2024). In this study, the application of water-

OsMYBIR could serve as a promising gene for improvingnresistance in rice while

soluble amino acid fertilizer positively influenced the expression of several
transcription factors, including bZ1P, MYB, WRKY, bHLH, and AP2/ERF, while it
had a negative impact on the expression of certain others, such as bZIP, MYB, and
bHLH (Fig. 9). These findings indicate at the use of water-soluble amino acid
fertilizer plays a role in directing the growth of roasted tobacco plants through the

modulation of transcription factor expression.

5 Conclusion

Increasing the production and enhancing the quality of tobacco leaves are crucial
for achieving rapid and sustainable development within the tobacco industry. This
study integrates transcriptional and physiological experiments to demonstrate that the
application of water-soluble amino acid fertilizer is an effective strategy for increasing
tobacco leaf yield and improving leaf quality. It was determined that a dilution of 500
times represents the most effective spray concentration in field applications.
Compared to the control group, the application of water-soluble amino acid fertilizer
resulted i the up-regulation of most genes associated with the plant hormone signal
transduction pathway in tobacco leaves, significantly improved photosynthetic gas
exchange parameters, and increased tobacco leaf yield. Additionally, the application
of the 500-fold diluted ater-soluble amino acid fertilizer significantly reduced the
chlorine and léotine content in the tobacco leaves, thereby enhancing their chemical
composition. These findings provide a theoretical basis for the use of novel water-

soluble amino acid foliar fertilizers in flue-cured tobacco cultivation.
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