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Abstract: Peach (L.) is a kind of fruit tree with considerable economic and nutritional significance.
However, it shows a high sensitivity to drought stress, which has a profound impact on its growth.
L-methionine (MET) and L-proline (PRO) are two amino acids synthesized by plants, which play an
important role in abiotic stress response. However, their exact mechanism of action remains elusive.
Through physiological analysis, MET (500ppm) and PRO (500ppm) treatments can effectively
reduce the adverse effects of drought stress on the growth of peach seedlings. The results show that
MET and PRO can effectively inhibit the stomatal opening of plant leaves under drought conditions
and reduce the water evaporation of leaves under drought conditions. In addition, the application
of MET or PRO promoted the accumulation of carbohydrates in the leaf tissues of peach seedlings
under drought conditions, increased the intracellular relative water content (24%, 24%), decreased
the leaf electrical conductivity (21%, 24%), and alleviated the membrane damage caused by drought.
Experimental studies have confirmed that the alleviation of drought stress is due to the removal of
reactive oxygen species (ROS) in vivo, that is, the downregulation of malondialdehyde (18%, 19%),
peroxidase (50%, 5%) and superoxide dismutase (12%, 14%) activities. In addition, the application
of exogenous amino acids also improved the root morphological structure and root vitality of peach
seedlings, which was conducive to absorbing external buffer substances and alleviating drought
stress. In summary, the application of exogenous amino acids can effectively alleviate the effects of
drought stress on plants and reduce the harm.

Keywords: peach; amino acid; drought stress; osmotic; physiological index

1. Introduction

Peach (scientific name: Prunus persica L.): Rose family, peach plants, originated in the western
region of China. Currently, 29 provinces and autonomous regions in China have industrialized peach
cultivation. Therefore, peaches have become the third largest deciduous fruit tree after pears and
apples in our country [1]. As one of China's most important crops, peaches are widely cultivated in
China's arid and semi-arid areas. However, in recent years, due to the increase of drought caused by
global climate change, drought has become a major factor limiting the growth and development of
peach trees, affecting the development of the global peach industry to a large extent, resulting in
greater crop loss [2]. Studies have shown that drought stress adversely affects plant growth by
reducing leaf relative water content (RWC), root length, leaf area and leaf water potential [3]. The
long-term stress of drought resulted in the accumulation of a large number of ROS in plant leaves,
resulting in membrane lipid peroxidation, which damaged cell membrane function and weakened
photosynthesis, which seriously affected the growth of plant seedlings [4].

Amino acids (AA) are organic nitrogen compounds that are building blocks of proteins and play
a role in protein synthesis and it plays structural, metabolic and transport functions in plants [5,6]. In
addition Amino acids are precursors of plant hormones and other growth agents, and have important
functions such as improving product quality, increasing resistance to abiotic stresses,facilitating
transport-assimilation-nutrient utilization, and improving plant metabolic efficiency. Amino acids

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202311.0184.v2
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 December 2023 doi:10.20944/preprints202311.0184.v2

are involved in stress-mediated signaling responses, cryoprotectant, and secondary metabolism [7,8].
AA has a high ROS clearance capacity and acts as a precursor to bioregulators involved in
carbohydrate and protein metabolic pathways, enhancing photosynthesis and promoting plant
growth [9]. Met is a sulfur-containing amino acid (SAA) that is essential for biological growth. Studies
have shown that Met induces the production of hydrogen peroxide (H202), a key element of plant
defense signaling, and up-regulates the expression of a series of defense-related genes [10].Met plays
an important role in the biosynthesis of auxin, cytokinin and brassinolide cofactors, polyamines,
vitamins, and antioxidants [11], to further synthesize defense compounds and participate in cellular
homeostasis[12].In addition, Met, as a metabolic sulfide donor, produces substances such as
secondary metabolites, vitamin cofactors, and phytochelates in organisms. Pro plays an important
role in the growth process of many different organisms, including tolerance to drought stress in many
higher plants [13]. It also changes the concentration of osmotic components in biological cells to
balance the osmotic potential of the cytoplasm [14], and as an important substance in osmotic
regulation in plants, accumulates in large quantities as ROS scavenger in plants under drought stress
[15,16]. Under drought stress, tomato can increase the gene expression of SIProT1 and SIProT2 in
tomato, increase the plant Pro content, improve the plant osmoregulation ability, and alleviate the
damage caused by drought stress [17]. By regulating Pro metabolism, Glu can activate the expression
of calc-dependent protein kinase (CPK5) and ICS1 genes related to salicylic acid synthesis, increase
the levels of salicylic acid and cytoplasmic Ca?, and enhance the drought resistance of rape plants
[18]. These studies have shown that amino acids play a key role in alleviating abiotic stress in plants.
However, there are few studies on fruit trees, especially peach trees (plum), which are mostly in the
process of research and discussion, and there is a lack of evidence that can specifically show that
amino acids can alleviate drought stress in plants. Therefore, the purpose of this study was to
investigate whether Met and Pro can alleviate the effects of drought stress on peach plants, and to
prove this through physiological characteristics. The results showed that the application of Met and
Pro could ameliorate drought-related oxidative damage and alleviate the effects of drought. These
studies provide strategies for increasing agricultural fruit tree yields by improving drought tolerance.

2. Materials and Methods

2.1. Experimental Materials

This experiment was conducted in 2022 at the Horticultural Experimental Base of Shandong
Agricultural University (36°17 '7459 "N, 117°16' 7712" E). The experimental materials were evenly
plump peach seeds, soaked in 400ppm of gibberellin solution for one day, and then put into a virus-
free and sterile culture pot for germination promotion. Peach buds with good growing conditions
were then selected and transplanted into pots of 7 cm diameter and 11 cm height for culture. The
culture medium is soil: substrate: vermiculite with a ratio of 2:1:0.5 and a substrate weight of about
200g per pot, mixed culture, awaiting use.

2.2. Drought Treatment

Peach seedlings of the same growth and development were divided into five groups of ten
seedlings each. When the seedlings grew to about 7-8 cm, the experimental treatment was carried out
on the peach seedlings at six treatment levels: (a) no treatment (CK); (b) Natural Drought (Dro); (c)
500ppm methionine root irrigation (Met); (d) 500ppm methionine root irrigation + drought (Met+
Dro); (e) 500ppm proline root irrigation (Pro); (f) 500ppm proline root irrigation + drought (Pro+Dro).
Previous experiments had shown that the two amino acids applied by exogenous aid did not
adversely affect the growth of peach seedlings. This experiment could be divided into two groups:
one group was treated with regular irrigation (CK, Met, Pro), and the other group was treated with
natural drought after 7 days of normal irrigation (CK-D, MET-D, PRO-D). After a total of 14 days of
treatment, sampling, all the leaves are cleaned with water, frozen with liquid nitrogen, stored at -80°
for use.
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2.3. Measurements of Physiological and Biochemical Indicators
2.3.1. Light and Index Measurements

Measurements of the Photosynthetic Parameters

On the 14th day after treatment, the photosynthetic parameters of the peach seedlings were
measured from 10:00 am to 11:30 am in suitable light conditions. The CIRAS-3 Portable
Photosynthesis System (PP System, Massachusetts, USA) was used by us to measure the following
parameters: net photosynthetic rate (Pn), transpiration rate (Tr), stomatal conductance (Gs) and
intercellular carbon dioxide concentration (Ci).

Chlorophyll Fluorescence Parameter Determination:

The relative chlorophyll content (SPAD) was measured 5 times using the SPAD502 instrument
and its average value was calculated. The leaves was we kept in the dark for 30 minutes and then
used a portable pulse-debug fluorometer (Hansatech, UK) to determine the fluorescence parameters:
minimum fluorescence (FO), maximum fluorescence (Fm), maximum quantum efficiency (Fv/Fm)
and maximum fluorescence (FV/FM).

The formula for calculating some of the parameters is:
F'm-F

v = )
NPQ =2 —1 @)
Fv/Fm = 22 3)

Fv/Fo = 2™ 4)

2.3.2. Relative Water Content and Relative Electrical Conductivity of Blades

Three peach seedlings were randomly selected for each treatment, and two leaves from the same
part of each peach seedling were immediately placed in a petri dish with known weight, and the
fresh leaf weight (Wf) was measured. The leaves were then immersed in distilled water for about 1
hour, then removed and weighed to determine the saturated fresh weight (WT) of the sample. Dry
weight (Wd) is then obtained by drying the blades to a constant weight. The relative water content
(RWC) is determined by the following formula [19]: (Wf-Wd)/(Wt-Wd) x100%.

The magnitude of relative conductivity (REL) by randomly taking 10 small disks from peach
leaves and placing them into a 20 mL centrifuge tube containing 10 mL of distilled water. After 4
hours at room temperature, the conductivity of the solution was tested using a Raymag DDS-307
conductivity meter, designated S1. At the same time, the conductivity of the distilled water was
measured and assigned to s0. The centrifuge tube was then placed in a 100°C water bath for 20 min.
After cooling, shake the mixture well and measure the conductivity, designated s2. To represent the
relative permeability of the plasma membrane, the relative electrolyte leakage was calculated using
the following formula [20]: REL (%) = (S1-50)/(S2-S0) x100%.

2.3.3. Determination of Leaf Stomata

Nikon positive microscope (Nikon Precision Machinery (Shanghai) Co., LTD., China) was used
to observe the stomatal opening degree of plants under drought stress. Different treated leaves was
selected from the same section, tore the membrane from the back of the leaf with tweezers, placed it
on the slide, secured it with water, then covered the slide, secured it on the platform, and adjusted
the eyepiece to 400X. The state of the leaf stomata was observed.

2.3.4. Determination of Root Vitality and Configureuration Indexes of Peach Seedlings

2.3.4.1 The root activity is usually measured by TTC method [21]. 0.1g fresh root sample is
weighed and placed in a test tube, and 0.1mmolL phosphate buffer (PH=7.8) and 2.5mL 0.4%TTC are
added, so that the root sample is fully immersed in the solution and bathed in a 37°C water bath for
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1h. The reaction was terminated by adding 1mol/L H25041mL, the roots were removed immediately,
the water was dried with absorbent paper, then ground and filtered with ethyl acetate, and the
absorption value of the solution at 485nm was measured with the Pharma-Spec UC-2450 ultraviolet
spectrophotometer [22].

2.3.4.2 Desktop scanner Epson Expression 1200XL was used to scan the roots, and analysis
system software (WinHIZO 2003) was used to analyze the root images after scanning. Obtain total
root length, total root surface area, average root diameter, root volume, and root cusp number. There
are other relevant parameters as well.

2.3.5. Determination of Osmotic Regulatory Substances

Determination of Soluble Sugar Content

The soluble sugar content of the plant leaves was determined and 0.2g of the leaves were
weighed, chopped and mixed in a test tube. Ten mL of distilled water was then added and the test
tube was placed in a boiling water bath for 30 min to generate an extraction solution which was
filtered and diluted to a volume of 25 mL bottle. The absorbance at 620 nm was determined by mixing
1 mL of the extract with 4 mL of 0.2% anthrone reagent [23].

Determination of Proline Content

The proline content of the plant leaves was determined. Firstly, 0.5g leaf sample was weighed
and put into grinding, 5 mL 3% sulfosalicylic acid was added, the sample was ground to prepare
homogenate, then all the samples were transferred to a test tube and boiled in a water bath for 10
min. After cooling to room temperature, 2 mL of supernatant was collected in a new test tube, and 3
mL of indanhydrin and 2 mL of glacial acetic acid were added. Then the test tube was heated in
boiling water for 40 min, and finally 5 mL of toluene was added to the mixture for extraction, and the
absorbance value of the toluene layer was determined by spectrophotometer at 520 nm [24].

Determination of Free Amino Acid Content

Total free amino acids were measured. Weigh about 0.5 g of leaves, add 10% acetic acid to make
a homogenized solution, then dilute to 100mL. 2 mL of the sample was then extracted from the
homogenate and mixed with aqueous solution of 3 mL of niacin reagent and 0.1% ascorbate. The
mixture was then heated in a water bath of boiling water for 15min, then cooled to room temperature,
followed by 5ml of 60% ethanol solution, and then determined at 570nm for absorbance [25].

2.3.6. Determination of Active Oxygen Species in Leaves

The Oz content in the leaves was measured. 1g sample peach leaves was chopped and took and
added 3 mL phosphate buffer (pH =7.8). It was then ground in an ice bath, followed by centrifuge at
4° centrifuge 4000r/min for 15 min. The supernatant was collected and mixed with 0.1 mL 10 mmol/L
hydroxylamine hydrochloride solution and incubated at 25°C for 20 min. Then 1 mL 17 mmol/L p-
aminobenzenesulfonic acid and 1 mL 7mmol/L naphthylamine solution were added and incubated
at 25°C for 20 min. Then, Equal volume of chloroform was added to extract the pigment and
centrifuged it at 10000 r/min for 3 min. Pink extracts were collected and absorbance was determined
at 450 nm [26].

2.3.7. Determination of MDA Content, CAT, POD and SOD Activity in Leaves

Determination of MDA Content

Malondialdehyde (MDA) is a biomarker of lipid peroxidation caused by oxidative stress. 0.2 g
of leaf samples with 2 mL of 0.1% trichloroacetic acid (TCA) were mixed in an ice bath and then
ground them to prepare homogenates. The homogenate was then centrifuged at 4000 r/min for 10
min. After completion, 1 mL of supernatant was collected and mixed with 4 mL 20%TCA (containing
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0.5% thiobarbituric acid [TBA]), the mixture was placed in a boiling water bath for 60 min, and then
the mixture was rapidly cooled on ice at 4°C. After centrifugation at 4000 rpm for 10 min, absorbance
OD values at 600, 532 and 450 nm were measured [27].

Determination of SOD Activity of CAT POD

Chop and take 0.5g peach seedling leaves, add 4 mL phosphate buffer (0.05mmol, ph=7.8), grind
them into homogenate under ice bath condition, transfer to centrifuge tube, centrifuge at 4°C and
12000 r/min for 20 min, collect supernatant and store at 4°C for use.

0.2 mL of supernatant was added to 2.8 mL of 30 ml of H20: and measured the absorbance at
240 nm after full mixing.The initial absorption was measured value al and absorption value a2 after
1 min. The activity of CAT enzyme was expressed by the absorbance change per unit time [28].

The formula is calculated as follows.

Total CAT activity (AOD240 min-1"g-1"FW) =(OD240*V)/(a*W*t)

20ul of supernatant was added into the colorimetric cup, add 20ul of phosphoric acid buffer (
0.1mol/L pH=6.0) solution to the contrast, add 3ml of reaction solution, read OD value at 470nm
immediately and time, read it every 1min.

The formula for the calculation is as follows.

Total POD activity (AOD470 'min-1, g-1, FW) = (OD470*V)/(a*W*t)

Take a tube of the same type, and add 50 1. of supernatant; a buffer solution of 50ul 0.05mol/L
pH=7.8 phosphoric acid was added to the four controls, and 3ml of reaction liquid was added to all.
Two controls were placed in the dark, and the other tubes were placed under 4000x1 (33% light
intensity) sunlight for 20-30min. (All tubes were required to be exposed to the same light, and the
time was shortened when the temperature was high. After the reaction was over, the absorbance was
measured at 560nm using the unilluminated control as a blank [29].

The formula is calculated as follows.

Total SOD activity (units’s-1"Fw) =(ACK-A *V)/(0.5*ACK*W*Vt)

Statistical analysis

SPSS 26.0 (IBM, New York, USA) statistical analysis software was used to conduct one-way
ANOVA and Duncan's multiple comparison test. The statistical significance was 5%, assuming 5%
(P <0.05). The data on all tables are expressed as average + standard deviation (error bar).

3. Results

3.1. Methionine and Proline could Relieve Drought Stress of Peach Seedlings

500ppm Met and Pro treatment mitigated the drought stress of peach seedlings (Figure 1).
Relative water content (RWC) in plant leaves is one of the factors reflecting the water status of plants.
Under drought conditions, RWC content in plants is greatly reduced, but the application of Met and
Pro with exogenous aid can effectively slow down the decrease of RWC content (Figure 2A). The
content of EL in plants under natural drought stress was significantly higher than that in peach leaves
under normal conditions, and the content of EL in plants under stress was significantly lower after
Met and Pro treatment (Figure 2B). The results showed that Met and Pro were able to mitigate the
effects of drought, increasing the RWC content and decreasing the EL content in the leaves.

doi:10.20944/preprints202311.0184.v2
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Figure 1. Comparison of growth of peach seedlings affected by drought stress after Met and Pro
applied by exogenous aid.
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Figure 2. The effects of Met and Pro treatments on leaf relative water content (A) relative electrolyte
leakage (B) under controlled and drought conditions are shown in the figure. These values represent
the standard deviation of the mean of the three repetitions. Duncan's test and ANOVA were used.
The difference was significant (P < 0.05) are indicated by different letters.

3.2. Effects of Exogenous Amino Acids on Leaf Photosynthetic Parameter

In peach seedlings treated with water (CK), the values of leaf net photosynthetic rate (Pn), stomatal
conductance (Gs) and transpiration rate (Tr) significantly decreased after drought stress, while the
intercellular carbon dioxide concentration (Ci) was significantly increased (Figure 3). Exogenous
application of Met and Pro significantly slowed down the decline rate of Pn, Gs and Tr under drought
conditions. Compared with drought stress under CK treatment, pn, Gs and Tr of MET-D and PRO-D
seedlings increased by 147.06%, 38.19%, 54.59%, 123.53%, 40.58% and 44.64%, respectively. In turn,
plant leaves treated with Met-D and Pro-D showed reductions in Ci values of 19.02 percent and 13.20
percent, respectively, compared to the CK-D group. Experiments have shown that Met and Pro can
alleviate plant stress by improving the photosynthetic performance of plants through external auxiliary
application.
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Figure 3. Effects of Met and Pro in (A) Pn, (B) Gs, (C) Ci, (D) Tr on photosynthetic characteristics of
peach grass under drought stress. Data are mean + standard deviation (n = 3). Duncan's test and
ANOVA were used. The difference was significant (P < 0.05) are indicated by different letters.

3.3. Effects of Exogenous Amino Acids on Stomata in leaves

In drought conditions, plants reduce leaf transpiration by closing stomata and other means to
ensure the water content needed for leaf growth. In group CK-D, the stomata of the plants remained
open, which was not conducive to maintaining the water required for normal growth of the leaves.
In contrast, leaf stomata were closed in Met-D and Pro-D groups (Figure 4). Experiments have shown
that Met and Pro treatments can alleviate drought stress by promoting stomatal closure to reducing
water transpiration.
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Figure 4. Stomatal opening degree of leaves under drought stress after amino acid application by

exogenous aid.

3.4. Effects Effects of Exogenous Amino Acids on Leaf Pigment

Drought stress reduced levels of SPAD , chlorophyll-A, chlorophyll-B and carotenoids in peach
seedling leaves by 25.48%,27.77%, 21.87% and 28.91%, respectively, while Met-D treatment increased
levels by 12.59%,17.87%, 19.12% and 7.48%, respectively. The blades after Pro-D treatment increased
by19.64%, 18.76%, 29.11% and 17.68% (Figure 5). In contrast, the effect of Pro applied by exogenous
aid is more pronounced. The results suggest that the application of Met and Pro may facilitate the
synthesis of pigments in leaves to alleviate drought stress. Exogenous amino acids can alleviate
drought stress by affecting photosynthetic pathways and electron transfer pathways between leaf

cells.
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Figure 5. Effects of Met and Pro on (A) SPAD, (B) chlorophyll a content (C) chlorophyll a content
and (D) carotenoid content under drought stress. Data are mean + standard deviation (n=3). Duncan's
testand ANOVA were used. The difference was significant (P <0.05) are indicated by different letters.
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3.5. Effects of Exogenous Amino Acids on Chlorophyll Fluorescence of Peach Seedlings

In the absence of Met and Pro treatment, the initial fluorescence value (F0), maximum
fluorescence value (Fm), maximum quantum yield (Fv/Fm) of PSII, actual photochemical efficiency
(FPSII) and photochemical quenching coefficient (qP’) of peach seedlings treated with drought were
significantly reduced. After Met-D and Pro-D treatment, the contents of Fo, Fm, Fv/Fm, FPSII and qp
increased by 32.98%, 19.29%, 2.23%, 9.01%, 2.74% and 44.45%, 2.48%, 4.25%, 5.01% and 2.94%,
respectively (Figure 6).
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Figure 6. Changes of chlorophyll fluorescence parameters of peach seeds under drought conditions.
(A) Fm; (B) Fo; (C) Fv/Fm; (D) qP; (E) FPSIL. Duncan's test and ANOVA were used. The difference

was significant (P < 0.05) are indicated by different letters.
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3.6. Effects of Exogenous Amino Acids on the Function of Leaf Penetration System

Drought stress significantly increased the contents of soluble sugar, free amino acid, free proline
and glutathione in the leaves of peach seedlings (Figure 7). In contrast, Met-D and Pro-D treatments
significantly increased the antioxidant capacity of leaves under drought conditions. Compared with
CK-D, levels of soluble sugars, free amino acids, free proline and glutathione increased by 1.40%,
4.62%, 8.23%, 19.13% and 7.26%, 5.6%, 13.97% and 10.52%, respectively, after Met-D and Pro-D
treatment. Studies have shown that the application of Met and Pro can improve the antioxidant
capacity of leaves and alleviate drought stress.

w
=]
]
m
o
=}
]

n
o
1

=

o

1
o
— o
o

30

Ho

204

-
o
1

10

soluble sugar content (mmol-mg™! FW) >

free amino acid content (mg-g™' FW)

o

[=+]
=
1
Ho
Ho
Ho
o

proline content(mg g'l Fw) O
£-Y
1)
1
Ho
Ho
glutathione content(mg-g™ FW)
O
1 1
o
—c
—o

T 0 T T T T T T
Q S IA LR
© 0*. “&%\é QQ.QQ-O

Figure 7. Effects of Met and Pro on (A) soluble sugar content, (B) free amino acid content, (C)
proline content and (D) glutathione content of peach aphid under drought stress. Data are mean +

standard deviation (n = 3). Duncan's test and ANOVA were used. The difference was significant (P <
0.05) are indicated by different letters.

3.7. Effects of Exogenous Amino Acids on Active Oxyge and Antioxidant Enzyme Activity in Leaves

Under drought stress, the levels of O* and H2O: and antioxidant levels in leaves of peach
seedlings in different treatment groups were significantly different.Under drought conditions, the
accumulation levels of O% and H20: in the peach leaf are higher and the degree of oxidative stress in
the peach leaf is higher. The lower levels of O* and H20: in the leaves of the Met-D and Pro-D groups
compared to the levels in the leaves of the Met-D and Pro-D groups suggests that Met and Pro may
alleviate oxidative damage caused by ROS. CAT, POD and SOD activity were significantly increased
in the Met-D and Pro-D treatment groups by 1.75%, 5.47%, 5.26% and 5.94%, 8.56% and 9.69%,
respectively, compared to the CK-D treatment group. Compared to the control group, MDA levels in
the peach leaf increased significantly under drought stress. The MDA content of peach leaves treated
with Met and Pro was significantly lower than that of leaves under drought stress without Met and
Pro treatment, but was significantly higher than that of the control (Figure 8).
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Figure 8. Effects of exogenous amino acids on active oxygen content and antioxidant enzyme activity
in leavesThe data of (A) O2-, (B) H202 production, (C) MDA, (D)CAT, (E)POD and (F) SOD content
were mean + standard deviation (n = 3). Duncan's test and ANOVA were used. The difference was

significant (P < 0.05) are indicated by different letters.

3.8. Effects of Exogenous Amino Acids on Root Growth of Peach Seedlings

The root system is an important part of the normal growth and development of a plant, and the
vitality of the root system reflects the plant's ability to absorb external substances. Under drought
stress, the root activity of peach seedlings decreased by 29.59% compared with control group.
Compared with CK-D, Met-D and Pro-D treatments, the root activity increased by 18.59% and
18.54%, respectively (Figure 9A). In addition to root activity, drought stress also affected plant root
configuration (Figure 9B). Studies have shown that the application of Met and Pro can alleviate
drought stress by improving plant root activity and structure.
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Length (mm) Root area (mm?2} Reot diameter (mm) Root volume (mn?) Number of apex Bifurcation number Crossing number
’ 74119 -

Ck 421. 6911+ 1. 33048a 26. T271+10. 97661a B3. 9659+ 34. 48409a 0.8137+0. 45402a 289. 20441 106. 84714a 2. 16%1, 80441a izbﬁ.ﬁﬁhf,ll}ZABhaJB
Ck-d  177. 1305+ 31. 23981b 7. 8546+ 1. 71376b 24. 675815, 38387h 0. 37220. 04128b 207. 60021 55. 4712a 0. 235740, 11635b 781. 66674122, 03415b
Met 421. 27421 31. 9196b 29.8768£0. 96142b BL. 60413, 02037b 0.909110. 02071b 260. 6635148. 04028a 2.219£0. 04419b 25631 164. 79381b
Met-d  197. 8578139. 72968b 10. 46431 1. 5109b 32. 87461 4. T4663b 0. 407810. 02801b 260. 4223182, 83292a 0. 331310. 06056b B47. 33331328, 14682b
Pro 398. 69211 36. 91998b 29. 8714£0. 40421b 91. 58711, 26981b 0.947110. 01312b 2563. 785%15. T775a 3. 14140. 02629 2298+27. 0556b

Pro-d  189. 4189+ 39. 00874h 11. 4049+ 1. 36531b 35. 829614, 28921b 0. 5129+0. 06374b 227. 9039+ 74, 92552a 0. 453%0. 05709h 749. 3333+ 204. 50998b

Figure 9. Effects of Met and Pro on root activity (A) and root configuration (B) in peach under
drought stress. Data are mean + standard deviation (n = 3). Duncan's test and ANOVA were used.
The difference was significant (P < 0.05) are indicated by different letters.

3. Discussion

As a component of protein, amino acids also participate in excessive cellular reactions, so amino
acids can directly or indirectly affect some physiological processes of plants, such as plant growth
and development, intracellular pH control, metabolic energy generation and resistance to abiotic and
biological stress [30-36]. Methionine (Met) and Proline (Pro) are two amino acids that play important
roles in plants, among which MET plays a central role in cell metabolism, including protein synthesis,
transmethylation through adenosine methionine (AdoMet), and polyamine and ethylene
biosynthesis [37,38]. In bacteria, methionine in protein acts as a cellular endogenous antioxidant, and
methionine residues in protein react with reactive oxygen species (ROS) to form methionine
sulfoxide, thereby clearing ROS [39]. Proline, a plant multifunctional amino acid, is involved in many
cell signaling pathways, accumulates under various stresses, and triggers or participates in cellular
defense, including maintaining osmotic pressure homeostasis, regulating cellular state, and clearing
ROS [40,41]. The effects of exogenous Met and Pro on plant photosynthetic performance under
drought conditions have been studied and then investigate the mechanism of Met and Pro in
photosynthesis by evaluating photosynthetic pigments, gas exchange parameters, and chlorophyll
fluorescence parameters. Osmoregulatory and antioxidant systems were examined later to describe
our findings, However the use of Met and Pro under abiotic stress is not well-studied and the
mechanism of partial inhibition is unclear.

The morphological observation of seedling leaves showed that the deeper the degree of drought,
the more serious the water loss of leaves and the greater the degree of leaf curl (Figure 1), the leaves
are adjusted to ensure that they contain normal water content, thus enhancing the response ability of
plants to drought stress [42]. Drought stress reduced the relative water content (RWC) of peach
leaves, and after irrigating seedlings with Met and Pro roots, RWC in one of the treated subgroups
was significantly higher than RCW in the CK-D subgroup (Figure 2). Relative electrolyte leakage
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(REL) is a good predictor of membrane permeability and drought tolerance [43]. The results showed
significant improvement in REL for the CK-D treatment, but the Met-D and Pro-D treatment
subgroups did not differ significantly from the Met and Pro treatment subgroups in dry conditions.
It was shown that Met and Pro therapy prevented cell damage in dry conditions.

Photosynthesis is an efficient way for plants to obtain carbon and energy, but this process is
particularly vulnerable to environmental influences [44]. Experiments have shown that drought
stress can destroy the pigment complex in plants, hinder electron transfer, damage the structure of
chloroplasts, and then affect the reduction of photosynthetic rate [45,46]. Under the influence of
drought stress, the chlorophyll content and stomatal conductance of plants decrease, and the Pn value
decreases [47]. Drought has been found to reduce levels of chlorophyll a, chlorophyll b and
carotenoids in plant leaves. However, the application of Met and Pro mitigated the adverse effects of
drought on chlorophyll content. Our experimental results are consistent with those of, who found
that photosynthetic pigments in crops were reduced under drought stress [48]. Drought stress
reduces the size of the stomatal pore, which causes a decrease in the rate of Pn and a change in the
rate of photosynthetic metabolism. In addition, drought stress reduces the concentration and
transpiration rate of carbon dioxide through stomata [49]. It has been shown that Met and Pro
treatments promote stomatal closure under drought stress to reduce leaf transpiration. The results
show that Met and Pro enhance drought tolerance in plants through a variety of mechanisms,
including leaf hole restriction, protection from chlorophyll degradation, and increased
photosynthetic capacity.

Evaluation of leaf chlorophyll fluorescence values is an essential technique for determining plant
water status under drought stress, as these characteristics can quickly, accurately and safely indicate
the effects of drought stress on plant photosynthesis [50]. Fo is a key indicator for assessing plant stress
damage, and Fm can indicate the electron transport capacity of PS II after dark adaptation [51]. Studies
have shown that both Fo and Fm decrease significantly under drought stress, but Met and Pro
treatments can significantly delay the downward trend (Figure 7). Fv/Fm is a good indicator to
determine the degree of plant leaf damage, and Fv/Fm decreases with the increase of environmental
stress [52,53].

Plant resistance to abiotic stress is heavily dependent on the accumulation of antioxidant [54].
Both Met and Pro have substantial effects on the various percolating fluids in our survey. The levels
of soluble sugar and glutathione were higher in plants under drought stress than in plants not treated
with Met and Pro (Figure 6). The levels of proline and free amino acids in plants are the main factors
regulating the osmotic potential of cells. The establishment of these molecules contributes to the
integrity of the cell membrane and also plays a role in preventing osmotic and oxidative damage [55].
In our past experimental studies, Met and Pro treatments significantly increased the proline content
of hickory seedlings under drought stress. Similar results were obtained for Apple [56]. In addition
to its osmoregulatory role, the accumulation of proline under harsh conditions can also protect the
photosynthetic system from damage [57].

After drought stress, it is very important to maintain intracellular ROS level and osmotic balance
[58]. In our study, drought stress leads to excessive ROS accumulation in the leaves, which damages
the plant cell membrane system and leads to electrolyte leakage, which in turn leads to chlorophyll
degradation. This process has been shown to significantly limit photochemical processes, impair
photosynthesis, and accelerate leaf aging [59]. In this study, the levels of O?-, hydrogen peroxide and
MDA in peach leaves significantly increased under drought stress, but decreased significantly after
the application of Met and Pro (Figure 8). The antioxidant defense system of plants is composed of
both enzymatic and non-enzymatic antioxidants, which strictly controls the balance of reactive
oxygen species [60]. Studies have shown that exogenous application of amino acids can control the
homeostasis of reactive oxygen species (ROS) by increasing the activity of antioxidant enzymes in
apple, thereby protecting fruit from ROS damage under drought stress. According to our findings,
in our study, Met and Pro treatment significantly increased SOD, POD and CAT activity levels
(Figure 8). It has been found in other studies that excess reactive oxygen species can be eliminated by
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SOD, POD and CAT enzymes. SOD can convert O%* to hydrogen peroxide, which can then be
converted back to water via POD and CAT to reduce damage from reactive oxygen species.

Pearson correlation analysis was used to investigate the interplay of these metrics to assess how
Met and Pro improve plant tolerance in drought conditions. Correlation analysis in this study shows
that ROS and MDA are positively correlated with enzymatic antioxidants, while RWC is positively
correlated with ROS, REL, reactive oxygen species, the osmotic system, and the enzymatic
antioxidant system.The results show that drought stress has a significant effect on the photosynthetic
system, osmotic regulation system, and antioxidant system of the active oxygen-enzyme-promoting
peach seedlings, and Met and Pro can alleviate these effects and thus drought stress.

4. Conclusion

In this study, both Met and Pro were able to mitigate the growth of peach saplings under
drought stress. The results showed that drought stress could be alleviated by various mechanisms,
including: (1) Met and Pro could effectively increase the chlorophyll content of peach leaves, increase
the stomatal openness of leaves, increase the net photosynthetic rate, and thus enhance
photosynthesis, so as to reduce the damage degree of drought stress on the photosystem; (2) Met and
Pro can alleviate osmotic stress. The relative conductivity of the control vane, The water content of
the leaves is maintained. (3) Met and Pro can increase the content of antioxidants, reduce the content
of ROS in plants, and regulate the activity of antioxidant enzymes . Overall, Met and Pro can help
reduce drought stress levels. The results of this study shed light on the mechanisms by which Met
and Pro alleviate drought stress in peach plants. More research is needed to better understand these
pathways.
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