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1. Introduction is used for culinary purposes, while Pisum sativum ssp. arvense

Peas (Pisum sativum L.) are an important agricultural crop

is used as forage. In Tiirkiye, forage pea (Pisum arvense L.) is
grown as a spring crop in cold regions and as a winter crop in

with a history dating back approximately 9,000 years, alongside
wheat and barley (McPhee, 2003). They were first cultivated in
Western Asia and have been widely grown in Europe for
thousands of years. The subspecies Pisum sativum ssp. sativum
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temperate regions, serving as both roughage and grain feed. In
the Eastern Anatolia Region, it is primarily cultivated for seed
and used as grain feed. The crude protein content of forage pea
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hay ranges between 16-18%, with a dry hay yield of 700-800
kg/ha (Tan et al., 2013).

Forage pea is a significant crop for both roughage and grain
feed production due to its non-toxic nature, high fodder and
seed yield, adaptability to various climate and soil conditions,
and nitrogen-fixing ability that enriches the soil for subsequent
crops. However, in places with a vegetation period such as
Erzurum, grain feed crops that meet the energy needs of
animals are largely limited to barley and vetch. Despite these
advantages, the most significant factors negatively affecting the
yield of forage pea are abiotic stresses such as drought, salinity
and cold.

Abiotic stresses (drought, salinity, cold) are known to cause
up to 50% vyield losses in agricultural products globally.
Approximately 26% of arable land is adversely affected by
drought stress, 20% by mineral stress, and 15% by cold-frost
stress (Blum & Jordan, 1985; Erdogan Bayram, 2018). Drought
is one of the most critical factors limiting plant production on a
large portion of global agricultural land. Increasing population
and global warming have rapidly depleted surface and
groundwater resources. The lack of sufficient quality water has
led to the use of low-quality water in agriculture, affecting soil
structure negatively and causing issues such as salinization
(Kutlar Yaylali & Ciftei, 2008).

Plants can be exposed to drought at different periods from
germination to harvest. However, plants growing in arid
environments throughout the entire development period are
quite small in volume compared to plants growing in
environments where water is not limited (F. Liu & Stiitzel,
2004; Tiryaki, 2016). The effects of drought stress on plants are
classified at physiological, biochemical and molecular levels
(Blum & Jordan, 1985). The first response of plants to water
deficiency is to slow down cell growth (Taiz et al., 2015). The
decrease in turgor pressure disrupts the water balance between
plant tissues and negatively affects the amount of chlorophyll
due to damage to photosynthetic pigments (Levitt, 1980). In
addition, it has been reported that plant root structure elongates
and top organs do not develop in water deficiency (Ozel et al.,
2016). In recent years, researchers have turned to various
exogenous applications to alleviate the negative effects of
drought on plants and to develop drought-resistant varieties (He
et al., 2009). One of these applications is the use of amino acids.
In addition to nourishing plants, amino acids improve
biochemical processes and act as phytoregulators. This dual
role makes them particularly valuable in stress reduction
strategies. When plants encounter osmotic stresses such as
water deficit, salinity, extreme temperatures, or heavy metal
exposure, they exhibit initial physiological responses such as
proline accumulation in cell vacuoles. Increased proline levels
act as an osmoprotectant, stabilizing cellular structures and
protecting enzymes under stress conditions. This increase in
proline concentration within the cell is a critical indicator of

how well the plant can tolerate stress and triggers a series of
metabolic reactions that initiate the plant's defense mechanisms
(Unal, 2019). Numerous studies have shown that exogenous
proline application significantly promotes plant growth under
drought stress. Semida et al. (2020) reported that proline
application significantly increased the growth and
physiological performance of plants under water deficit
conditions. Similarly, Kayak et al. (2022) observed that foliar
application of proline improved drought tolerance by increasing
osmotic regulation and reducing oxidative damage. Yamada et
al. (2005) and Moustakas et al. (2011) also emphasized that
proline supplementation provided better stress adaptation and
recovery, and increased plant resistance. In addition, Ghaffari
et al. (2019) found that proline application alleviated the
negative effects of drought by increasing water holding
capacity and maintaining higher photosynthesis rates. The aim
of this study was to evaluate the effect of foliar application of
proline on forage pea (Pisum sativum) grown under water-
deficit conditions in greenhouse conditions. The study aimed to
reveal the potential benefits of proline application in increasing
drought tolerance in forage pea by evaluating various growth
parameters, physiological traits and biochemical responses.

2. Materials and Methods

The study was conducted in pots in the greenhouses of
Atatlirk University Plant Production Application and Research
Center. Tagkent forage pea variety was used as plant material
in the study.

2.1. Establishment of the Experiment

The seedling study was conducted in a temperature-
controlled greenhouse (45-50% humidity and 25+2°C). The
seeds were planted in 2-liter pots filled with garden soil, peat,
and sand mixture. Five seeds were sown in each pot at a depth
of 1-1.5 cm. Standard fertilization was performed during
planting with 3-5 kg/da N and 6-12 kg P205 kg/da (Tan, 2018).
While calculating the fertilizer, it was assumed that there was
250 tons of soil in one decare area, the amount of fertilizer per
pot (2 liters) was determined and applied by dissolving it in
water (Bayhan et al., 2022). After seedling formation, thinning
was performed so that 4 plants with a homogeneous appearance
remained in each pot. Proline and water restriction applications
were started 11 and 16 days after seed planting (three-leaf
seedling period), respectively.

Throughout the experiment, the ambient temperature was
kept constant at 25-30°C and irrigation was applied according
to the amount of evaporation in the environment. In the
experiment, three different irrigation subjects (completing the
amount of evaporated water obtained from the evaporation pan
(mm) to 100% (control), 70% and 40% of the usable water
holding capacity depending on the relationship with the pot
volume) were created. Before the experiment, the pot capacity
(field capacity) and the usable water holding capacity (WWC)
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of each pot were determined accordingly (Camoglu, 2013). The
pots were brought to pot capacity with planting. In the later
stages of the pots that were brought to field capacity, water
consumption was calculated according to evaporation and the
study was carried out by restricting 100% water to the control
group and 70-40% to the other pot groups. The water to be

Table 1. Trial groups created in the study.

given in the study was Atatiirk University drinking water and it
was stated that it was suitable for irrigation. The trial was
carried out with 4 proline applications (0 (P0), 5 (P1), 10 (P2),
20 mM (P3)), 3 water restriction applications (100% (DO0), 70%
(D1), 40% (D2)), 3 replications and 3 pots from each

replication, in total 108 pots (4*3*3*3=108) (Table 1).

Total number of pots Proline applications

Water restriction applications

Groups

100% (DO)

PODO (9 pots)

108 pots

0 mM proline (PO) 70% (D1) POD1 (9 pots)
40% (D2) POD2 (9 pots)
100% (DO0) P1DO0 (9 pots)
5 mM proline (P1) 70% (D1) P1D1 (9 pots)
40% (D2) P1D2 (9 pots)
100% (DO0) P2DO0 (9 pots)
10 mM proline (P2) 70% (D1) P2D1 (9 pots)
40% (D2) P2D2 (9 pots)
100% (DO0) P3DO0 (9 pots)
20 mM proline (P3) 70% (D1) P3D1 (9 pots)
40% (D2) P3D2 (9 pots)

Approximately 30 days after the trial was established,
various parameters were examined from the seedlings in the
greenhouse and in the laboratory. Measurements of each
parameter were performed on 5 plants.

Seedling length (cm): In cm with a ruler. stem diameter
(mm): In mm with a caliper. Plant fresh weight (g/plant): In
grams (g) on a precision scale. Plant dry weight (g/plant): In
grams (g) by drying in an oven at 68 OC until it reaches a
constant weight. Root fresh weight (g/plant): In grams (g) on a
precision scale. Root dry weight (g/plant): In grams by drying
in an oven at 68 °C until it reaches a constant weight. Number
of leaves (number/plant): Counted as pieces. Stomatal
conductance (m?s/mol): Stomatal conductance in the leaf was
measured with a leaf porometer device at 10:00-11:00 hours
while the plants were in pots and determined as m2s/mol.
Measurements were taken 3 days after the plants were irrigated
in three different periods.

Leaf area (cm?/plant): Leaf areas of the plants in each
application were determined using a leaf area meter (LICOR,
Model: L1-3100, Lincoln, NE, USA).

Chlorophyll content (SPAD): Chlorophyll content in plant
leaves was measured with a chlorophyll meter (SPAD-502,
Konica Minolta Sensing, Inc., Japan).

2.2. Tissue Electrical Conductivity (MP)

An indication of the damage caused by stress in the leaf
tissue and especially in the cell membranes is the electrical
conductivity measurements made on the fresh leaf tissues. For
this purpose, the disks (1 cm in diameter) taken from the last

developed real leaves of 2 randomly selected plants from each
replication were placed in glass bottles containing 20 ml of
distilled water and shaken in a shaker for 24 hours, and then the
electrical conductivity of the soaking water was measured
according to the method specified in Kaya et al. (2003) and the
permeability (damage rate) of the cell membranes was
determined (EC1). The samples were kept in an autoclave at
121°C for 20 minutes to ensure complete lysis of the cells and
tissues, and then the second measurement was made (EC2). The
ratio between EC1/EC2 and the relative electrical conductivity
values were calculated.

2.3. Tissue Relative Water Content (RWC)

Leaf discs (1 cm in diameter) taken from 2 plants randomly
selected among the surviving plants were weighed immediately
and their fresh weights were determined (FW). After weighing,
the discs were placed in petri dishes containing some distilled
water and kept for 5 hours, then the excess water on the discs
was wiped off with the help of blotting paper and weighed again
and their turgor weights were determined (TW). Then, these
discs were placed in petri dishes and dried in an oven set at
72°C for 48 hours and weighed again and their dry weights
were determined (DW). Tissue water content was calculated
according to the following formula stated in Kaya et al. (2003):

RWC = [(FW — DW) / (TW — DW)] x 100 1)

Hydrogen Peroxide (H202): It was determined based on the
method given in Ozden et al. (2009). Lipid Peroxidation
(Malondialdehyde-MDA): It was determined based on the
method given in S. Liu et al. (2014). Catalase (CAT - EC:



Zeren Dursun and Dumlu Giil (2025). Journal of Agricultural Production, 6(1), 1-9

1.11.1.6), Peroxidase (POD - EC: 1.11.1.7), Superoxide
dismutase (SOD — EC: 1.15.1.1) enzyme activities were
determined based on the method given in S. Liu et al. (2014).

2.4. Statistical Analysis

In the experiment, a completely randomized design was
used. The data were subjected to analysis of variance
(ANOVA) using the SPSS 20 software and means were
separated by Duncan’s multiple comparison test.

3. Results and Discussion

In this study, which was conducted to observe the effects of
proline applications against drought stress in forage pea, the
differences in plant height (cm), stem diameter (mm), plant
fresh and dry weight (g), root fresh and dry weight (g) are
presented in Table 2. Plant heights decreased with increased
water restriction levels in all applications. In each application,
the control group irrigation (DO) had the highest plant height.
Proline applications generally affected plant height positively.
P2 application gave better results than other applications even
under water deficit conditions (D1, D2). The effects of the
applications on stem diameter showed statistical differences.
While stem diameters of control applications varied between
0.88-0.99 mm, proline applications varied between 0.77-1.29
mm. The highest stem diameter was obtained from P3DO0
application. When the aboveground fresh mass results in forage
pea were examined, it was seen that the highest values were
obtained from full irrigation applications (D0). It is known that
yield decreases under water deficit conditions. Accordingly, it
is estimated that water scarcity is responsible for 17-70% of
production losses (Ahmad et al.,, 2022). Among proline
applications, P2D0 had the highest fresh mass value (4.16 g).
In D1 applications, P1 and P2 applications reached higher fresh
weight than the control (POD1). In D2 values, which is the

highest water restriction application (40%), all proline
applications (P1, P2, P3) had higher fresh mass compared to the
control applications. Butt et al. (2016) applied proline
externally to plants under abiotic stress in their study (0.4 mM,
0.6 mM, 0.8 mM, 1 mM and 1.2 mM) and found that 0.8 mM
proline concentration had the best effect and provided biomass
increase. In fact, in our study, the best results were obtained
from the proline application at a dose of 10 mM (P2). Plant dry
weight decreased in each application depending on the decrease
in water content. The highest plant dry matter weights were
obtained from P2 applications among proline applications.
While root fresh weights varied between 1.40-2.15 g in control
applications, they varied between 0.70-1.44 g in proline
applications. The first parts affected by water restriction in the
plant are fresh and dry weights (Shao et al., 2008). When a
significant water loss occurs from plant cells, the decrease in
turgor pressure, which is the driving force for growth, and the
negative effects on transpiration cause a decrease in mineral
uptake, a decrease in photosynthesis and a decrease in growth
rate (Capell et al., 2004; Eris, 1990; McKersie & Leshem,
1994). With drought, the uptake of nutrients (Garg, 2003),
mineralization (Bloem et al., 1992), transportation and the
availability of nutrients on the root surface decrease. In
addition, photosynthesis slows down in dry conditions and as a
result, shoot development is weakened and root development is
accelerated (Oztiirk & Segmen, 1992). In our study, it can be
said that the root development of the control group was
generally better compared to proline applications (Table 2).
Studies have shown that in unstressed Arabidopsis seedlings,
external proline supplementation at micromolar concentrations
induced root elongation and branching, but when external
proline was given at millimolar concentrations, root growth was
inhibited with symptoms resembling cell death (Hellmann et
al., 2000; Mattioli et al., 2009).

Table 2. Effect of applications on plant development in forage pea (Pisum sativum ssp. arvense L.).

Applications Seedling height ~ Stem diameter Pla_nt fresh Pla_nt dry Ro_ot fresh Ro_ot dry
(cm) (mm) weight (g) weight (g) weight (g) weight (g)

Proline (P)

PO 31.67b 0.94 a 249 a 0.36 a 1.60 a 0.51a

P1 34.56 ab 0.96 a 2.62a 0.34a 1.24b 0.31b

P2 40.33 a 0.96 a 294 a 0.38a 1.22b 0.31b

P3 35.00 ab 1.02a 2.48 a 0.30a 0.93b 0.22b

Water restriction

(D)

DO 40.92 a 1.12a 3.58a 045a 150a 04la

D1 37.00b 0.96 b 2.68b 0.35b 1.08b 0.25b

D2 28.25¢ 0.83¢c 164c 0.25¢ 1.16b 0.354ab

PxD

PODO 35.67c 0.99 cd 3.43 abc 0.45 ab 2.15a 0.72a

POD1 35.67 ¢ 0.95 cde 2.55cd 0.39b 1.25 bc 0.29cd
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Table 2. (continued)

Applications Seedling height ~ Stem diameter Plgnt fresh Plgnt dry Ropt fresh Ropt dry
(cm) (mm) weight (g) weight (g) weight (g) weight (g)
POD2 23.67¢ 0.88 cdef 1.50e 0.24d 140D 0.51b
P1D0 38.67 bc 1.04 be 3.06 bc 0.38 bc 1.17 bc 0.28 cd
P1D1 35.33¢ 1.00 cd 2.99 be 0.37 bc 1.11 bed 0.25 cd
P1D2 29.67d 0.85 def 1.80 de 0.28 cd 144D 0.40 bc
P2D0 49.33 a 1.18 ab 4.16 a 0.52a 140D 0.36 bed
P2D1 41.67 b 0.90 cdef 3.13bc 0.39b 1.16 bc 0.28 cd
P2D2 30.00d 0.81 ef 1.53e 0.23d 1.10 bcd 0.30 cd
P3D0 40.00 bc 1.29a 3.66 ab 0.43 ab 1.28 Db 0.29 cd
P3D1 35.33¢ 1.00 cd 2.07 de 0.25d 0.82 cd 0.18d
P3D2 29.67d 0.77f 1.72 de 0.24d 0.70d 0.19 cd

Means marked with different letters are statistically different.

The number of leaves has an average of 18.25 pcs/plant in
control applications. It was determined as 17.62 pcs/plant in P1
applications, 20.03 pcs/plant in P2 applications and 16.47
pcs/plant in P3 applications (Table 3). As in plant fresh weight,
the number of leaves in P2 application was more effective than
other applications. Chlorophyll content is an important
indicator of the growth status of a plant (Pavlovi¢ et al., 2014).
All applications except POD2, PID0, P2D2 were statistically in
the same group. In general, the chlorophyll content increased as
water restriction increased in all applications. The researchers
attributed this increase to the decrease in the unit area of the leaf
and the increase in leaf thickness (Kiigiikkomiircii, 2011).
Under control conditions, the leaf area value was determined as
178.25-205.20 cm2/plant (POD2-PODO0) (Table 3). In the
irrigation regimes where proline applications affected the leaf
area, the highest value was calculated as 211.37 cm?/plant in
P3D0, while the lowest value was calculated as 189.48
cm2/plant in P1D2 level. It is numerically seen that the average
value of control plants (PODO, POD1, POD2) is 191.97
cm?/plant, and the average value of proline application is
200.90 cm?plant with high leaf area. It is seen that proline
applications generally increase the leaf area compared to
control and have a positive effect. The best effect was obtained
from P3 applications with the highest proline dose. RWC
measurement was performed to determine the effect of proline

application on water status in the plant against drought stress
(Table 3). Drought stress caused a statistical increase in RWC
values in the plant. It was determined that P2 application among
proline applications regulates plant water status better than
other groups. The fact that RWC values are consistent in P2
applications, as in plant root fresh and dry weights, shows that
proline regulates the development of response to drought stress
at a certain concentration (10 mM). This shows that the healing
effect of proline varies according to the concentration.
Electrical conductivity values increased with increasing stress
in all applications (Table 3). Membrane permeability, which is
considered as an indicator of damage occurring in plant cells
under drought conditions, is measured as EC and is expressed
as an ion imbalance that develops due to intracellular and
extracellular osmotic incompatibility, especially in plants under
salt and water stress (Kusvuran, 2010). Ors et al. (2016) found
that water restriction applied during the seedling period in
squash increased EC in the plant. Stomatal conductance
decreased with increasing stress in the control group. An
increase was observed in the proline group. Studies have
reported that stomatal conductance decreased under stress
conditions (Yildiz, 2017). Stomatal conductance in proline
applications increased with increased application dose. This
can be attributed to the effect of proline in reducing plant stress.
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Table 3. Effect of applications on leaf number, chlorophyll value (SPAD), leaf area, tissue proportional water content, electrical
conductivity, stomatal conductivity in forage pea (Pisum sativum ssp. arvense L.).

Applications Number of leaves (pcs/plant)  Chlorophyll SPAD  Leaf area (cm?plant) RWC (%) MP Stoma
Proline (P)

PO 18.25a 35.10a 191.98 b 79.18 a 38.52a 2152a
P1 17.62a 32.63a 193.60 b 68.95 a 4751a 19.92b
P2 20.03a 34.22a 201.53 ab 71.60 a 42,63 a 22.30b
P3 16.48 a 34.65a 207.59 a 69.87 a 38.97 a 27.69b
Water restriction (D)

DO 19.47 a 32.76b 203.75a 051a 31.97b 21.82a
D1 20.38 a 34.21ab 201.30 a 0.65b 38.47h 23.16a
D2 14.44b 35.48 a 190.97 b 0.67c 55.27 a 23.60a
PxD

PODO 19.55 abcd 33.66 ab 205.20 abc 86.37 a 3245cd 2250 cd
POD1 22.44 ab 34.73 ab 192.48 bed 81.05 ab 36.44 cd 21.86cd
POD2 12.77 ¢ 36.09a 178.25 abcd 70.12 bcdef 46.66abc  20.22 cd
P1DO0 20.00 abcd 31.50b 191.43 bed 76.55abcd  40.06 bcd  18.71d
P1D1 17.77 abcde 33.40 ab 199.88 abc 67.17 cdef ~ 43.19abcd 20.14 cd
P1D2 15.11 cde 33.01lab 189.48 cd 63.13 def 59.27 a 2091 cd
P2D0 20.55 abc 32.13ab 207.02 ab 83.34 ab 29.29 cd 2142 cd
P2D1 23.77a 33.57ab 202.57 abc 70.80 bcdef  42.22 abcd  22.16 cd
P2D2 15.77 cde 36.97 a 195.02 abc 60.67 ef 56.38 ab 23.34cd
P3D0 17.77 abcde 33.76 ab 211.37a 77.83 abc 26.10d 24.64 be
P3D1 17.55 bede 35.14 ab 210.28 a 73.90 abcde  32.04 cd 28.49 ab

Means marked with different letters are statistically different.

Proline has a role that can be naturally synthesized in the
plant and its amount can change according to the stress
experienced by the plant. In the scope of the study, 3 different
doses (5 mM, 10 mM and 20 mM) were selected in order to
determine the best proline dose to be applied to the leaves. The
selected doses were applied to the leaves in the form of external
pulverization in forage peas grown under full and restricted
irrigation conditions. At the end of the seedling development
period, Catalase (CAT), Superoxide dismutase (SOD),
peroxidase (POD), H20, (mmol/kg), MDA (nmol/g) values in
the plants were measured and the obtained data are given in
Table 4. Restricted irrigation and proline applications did not
play a decisive role in CAT antioxidant enzyme activity. All
applications except P2D1, P3D2 applications were statistically
included in the same group. When the POD values were
examined, it was seen that the control applications had the
lowest values among all applications. The highest POD values
were determined in P3 applications. SOD antioxidant enzyme
was positively affected by external applications and decreased
in all proline applications compared to the control under water
limited conditions (D1, D2). All proline D1 applications (P1D1,
P2D1, P3D1) were found to be lower than the control D1
applications (POD1). This situation is valid for D2 and D3
applications. Anjum et al. (2012) applied a total of 4 different
water stress subjects as 80%, 60%, 40% and 20% in their study

to determine the physiological responses of two pepper
(Capsicum annuum L.) varieties under drought stress. It has
been reported that with the onset of drought conditions, the
antioxidant enzyme activities of catalase (CAT), peroxidase
(POD) and superoxide dismutase (SOD) increased, then
decreased with the severity of drought and reached lower levels
than the relevant control levels. However, they stated that the
growth, development and yield values of the variety with high
activities of SOD, POD and CAT were higher than the other
variety. As a result of the study, they stated that due to the
presence of high antioxidant enzymes, reduced lipid
peroxidation, better osmolyte accumulation and preservation of
tissue water content in the plant, better growth and yield were
recorded and drought resistance was increased. In many studies,
it has been reported that the working principle of enzyme
activity depends on a combination of parameters such as the
type of stress conditions, its function in the plant and the plant
species (Bhaduri & Fulekar, 2012; Malecka et al., 2001; Shah
et al., 2001). In our study, H.,O- level in the control group
decreased in D1 application and increased again with increasing
drought at D2 level. This is the highest value among all
applications (16.84 mmol/kg). In proline applications, it
increased or remained the same in D1 applications from DO
process and decreased in D2 applications. However, all
applications except POD2, P3D2 applications were statistically
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in the same group and proline applications did not have a
determining effect. When the study findings are examined, it
was observed that MDA levels were the lowest in the control
group. In proline applications, an increase was observed in

MDA values due to the increase in water stress and proline
dose. Similar studies have shown that MDA accumulation
increases due to stress. It has been reported that drought stress
increases the amount of MDA in wheat (Naveed et al., 2014).

Table 4. Effects of treatments on antioxidant enzyme activities (Prolin, CAT, POD, SOD, H;0,, MDA) in forage pea (Pisum sativum

ssp. arvense L.).

Applications CAT-(EU/Gta) POD-(EU/gTA) SOD-(EU/Gta) H202-(mmol/kg) MDA- (nmol/g)
Proline (P)

PO 0.0la 17.87c 82.13a 14.60 ab 0.55a
P1 0.0la 23.03b 78.54 ab 15.86 a 0.58a
P2 0.04a 22.61b 72.11ab 14.11ab 0.64a
P3 -0.0356 a 30.52 a 70.45Db 11.02b 0.67a
Water restriction (D)

DO 0.004 a 23.25a 75.81a 1429 a 0.51b
D1 0.04a 21.21a 7750 a 14.17 a 0.65a
D2 -0.02a 26.06 a 74.11a 13.23a 0.67a
PxD

PODO 0.013ab 17.58 d 76.53 ab 14.37 ab 0.43c
POD1 0.016 ab 18.41d 85.24 a 12.59 ab 0.67 abc
POD2 0.003 ab 17.62 d 84.61la 16.84 a 0.56 abc
P1DO0 -0.020 ab 22.19 bed 76.08 ab 16.08 ab 0.45 bc
P1D1 0.006 ab 22.04 cd 81.40a 16.10 ab 0.62 abc
P1D2 0.046 ab 24.85 bc 78.14 ab 15.42 ab 0.67 abc
P2D0 0.023 ab 25.04 be 78.33 ab 14.83 ab 0.58 abc
P2D1 0.110a 17.59 d 77.42 ab 15.87 ab 0.63 abc
P2D2 0.006 ab 25.21bc 60.59 b 11.65 ab 0.70 ab
P3D0 0.000 ab 28.21b 72.29 ab 11.90 ab 0.57 abc
P3D1 0.030 ab 26.82 bc 65.96 ab 12.14 ab 0.68 abc
P3D2 0.136 b 36.54 a 73.10 ab 9.03b 0.75a

Means marked with different letters are statistically different.

4. Conclusion

In the study investigating the effect of proline doses under
different water constraint conditions, it was determined that the
increase in drought negatively affected the plant in all
applications. The positive effect of proline applications was
detected more clearly in applications without water restriction
(D0). Leaf number, leaf area, plant fresh weight are the
parameters on which P2 doses are effective. In water-limited
conditions, the best results were obtained from P2 dose and D1
combinations. According to the results obtained from our study,
it can be said that proline applications can be an important
strategy for plant growth and development in areas without
water shortage. New studies are needed to test different water-
limited conditions and proline doses.
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