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Abstract  There is an increasing concern over global 
warming, which has changed climate and weather patterns 
resulting in adverse abiotic situations such as drought 
stress to crop plants and the general vegetation area. This 
has posed a threat to food security and ecosystem structure, 
thus it's needed to identify resistant cultivars that can 
survive the propagation stress. Three (3) varieties (H1, H2, 
and H3) of Doum palms were subjected to water regimes: 
sufficiently irrigated, moderate, and severe water shortage 
conditions for 65 days to assess the drought adaptation 
ability. Findings revealed that the water status of the plant 
was noticeably affected by water shortage in all the studied 
genotypes. Drought stress imposed for 65 days 
significantly reduced (P ≤0.05) the physiological and 
biochemical characteristics of the experimental Doum 
plant, such as relative leaf water content (RLWC), 
membrane stability index (MSI), starch content, and a 
relative decrease in chlorophyll content. Water stress 
induced a significant (P ≤0.05) increase in leaf proline, 
total soluble sugar (TSS), total free amino acid (TFAA), 
and glycine betaine. The findings, therefore, present the 

first step in understanding how doum palms react to harsh 
water conditions. Physiological and biochemical 
characteristics such as RLWC, MSI, leaf proline, TSS, 
TFAA, glycine betaine, and starch content are indicators 
when prospecting for drought tolerance doum palms.

Keywords  Doum Palm, Glycine Betaine, Proline, 
Drought Potential, Starch Content 

1. Introduction
Drought, compounded by the extreme and quick shifts in 

the worldwide climate, is one of the most severe 
environmental threats [1], which poses a significant 
challenge to agriculture and food security [2]. Drought is 
caused by various factors, including reduced rainfall, a 
lower groundwater table, and reduced water availability 
due to rising temperatures, thereby inducing significant 
changes in the overall functioning of the plant system [3]. 
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Plants regulate many physiological and biochemical 
activities, including water relations, gas exchange, 
photosynthesis, metabolism of organic substances, and 
membrane system adjustments [4]. Plants have established 
sophisticated methods to react to environmental alterations, 
and reactions to these abiotic stresses are expressed at the 
plant's biochemical, physiological, cellular, and molecular 
levels [5]. Understanding the mechanisms that boost plants 
during drought is crucial for designing new 
drought-resistant strategies and maintaining global food 
security [6]. 

Doum palms (Hyphaene compressa) perform a crucial 
starring role in the lives of Kenya's arid and semi-arid 
people for economic empowerment and sustenance [7]. 
During the remaining dry season, when food is scarce 
throughout Africa, especially in Djibouti, Sudan, Kenya, 
Nigeria, and Namibia, the fruits of Hyphaene are 
considered a central source of nutrition [5], [8]. Doum 
palm fruit aqueous extract possesses anti-inflammatory, 
antibacterial, and anticancer phytoconstituents [9]. 
Nomadic pastoralists in Kenya use the Doum Palm leaves 
to meet a variety of subsistence and economic needs [7]. 
Leaves of Doum Palm are used for making thatch, baskets, 
mats (tablemats, floor-mats, sleeping mats), brooms, 
carpets, ropes, caps, seats, or door shutters. 

Doum palm can be found throughout Kenya's hot 
regions, especially in the dry northern areas, river courses, 
lakes, and the coast [5]. They are highly adapted to arid and 
limited water environments [10]. Hyphaene species can be 
found in sandy lowlands, open secondary forests, and 
inland or coastal savannahs, but some are also found in 
riverine forests. Many coastal savannas in East Africa, 
especially Kenya and Tanzania, are dominated by their 
distinctive silhouette. 

There are reports on Hyphaene compressa's phenotypic 
diversity, uses, and geographic location [7], [11]. However, 
despite its adaptation to dry and limited water 
environments, no research is available on drought 
tolerance's physiological and biochemical parameters [10]. 
According to the [12], over-harvesting of the leaves for 
commercial purposes, as well as over-grazing and 
over-exploitation of woody vegetation for pastoralist 
settling, is a significant threat to the doum palm in Kenya. 
At the same time, large coastal savanna areas in Tanzania's 
Pwani and Tanga regions are being destroyed for grazing 
and house building [13]. Several acclimation responses to 
drought stress have developed in plants through the 
activation of distinct physiological, biochemical, and 
molecular modifications [14]. These complicated changes 
rely on the stress severity and extent of the researched 
species [15]. In addition to accumulating osmolytes and 
generating specialized enzymes, plants can defend 
themselves from drought stress by getting osmolytes. 

So far, doum palm has no information about its 
physiological and biochemical responses to drought stress. 
Given the doum palm's vast potential as it's widely spread 
in arid and semi-arid regions and as a source of many 

applications coupled with the current changing climate and 
global warming scenario, identifying traits that make this 
plant grow in stress environmental is a critical factor for 
farmers. Furthermore, improved knowledge of various 
physiological and biochemical responses during drought is 
essential for drought-tolerant breeding crops in Kenya's 
arid and semi-arid regions. This study assessed some 
physiological and biochemical parameters linked to the 
drought tolerance process in doum palms, thereby 
providing the initial hypotheses and suggesting ways 
breeders can utilize this crucial multipurpose species in a 
stress environment. 

2. Material and Methods 

2.1. Plant Materials and Drought Treatment 

Doum palm seeds were collected from Tharaka Nithi, 
Kenya, and brought to the Institute for Biotechnology 
Research (IBR) greenhouse at Jomo Kenyatta University 
of Agriculture and Technology for further use from March 
2020 to April 2022. Before sowing, the seeds were 
unshelled using a knife to break seed dormancy and surface 
sterilized by successive washings with distilled water. 
Seedlings were soaked in distilled water for 72 hours to 
induce rooting until germination. After ten weeks of 
germination, the seedlings were transplanted and grown in 
pots with regular watering for 19 months before being 
subjected to drought stress. Doum palms were exposed to 
two stages of water stress (moderate and severe), with 
well-watered plants serving as a control. The control plants 
received constant watering (1.5 liters), the moderately 
drought-stressed plants received water (0.7 liters) only 
once a week, and severe drought-stressed plants received 
no water for 65 days. The greenhouse temperature was 
25±20C, and the plants were stressed in April of 2022. 

2.2. Physiological Responses 

2.2.1. Determination of Relative Leaf Water Content 
(RLWC) 

We used Lin's approach to measure control and stressed 
plants' RLWC [16]. Fresh leaf samples were weighed and 
floated for 12 hours in purified H2O. After 12 hours, each 
plant was measured and dried at 700C for two days. 
Following that, the dry plant material was analyzed, and 
the RLWC was determined using the below formula: 

RLWC (%) = 𝐹𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡−𝐷𝑟𝑦𝑤𝑒𝑖𝑔ℎ𝑡
𝑇𝑢𝑟𝑔𝑖𝑑 𝑤𝑒𝑖𝑔ℎ𝑡−𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

 × 100 

2.2.2. Indicator of the Membrane Stability Index (MSI) 
The MSI was computed using the technique described 

by [17], as amended by [18]. Samples of leaves measuring 
0.1 g were put in falcon tubes containing 10 mL of purified 
H20 and incubated for 30 minutes at 400C in a double 
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boiler. The tubes were then cooled at 250C, and a 
conductivity meter (Hanna HI5522, USA) was used to 
measure the initial conductivity (C1). Finally, the samples' 
conductivity (C2) was determined after being heated for 10 
minutes at 1000C and with the cooling of each sample at 
room temperature. The MSI was determined using the 
formula shown below: 

MSI (%) = [1– (C1/C2)] × 100 

2.3. Biochemical Responses 

2.3.1. Evaluation of Chlorophyll (a, b & total) 
Concentration 

Chlorophyll a, b, and total chlorophyll content were 
ascertained using [19] technique. The plant's topmost 
leaves were taken from the greenhouse and sliced into little 
layers. Each sample was dissolved in 10 ml of 80 percent 
acetone and centrifuged for 10 minutes at 1238 g. The 
chlorophyll-rich supernatant was kept, and the remaining 
residue was centrifuged with 5mL of 80% acetone. To get 
to the final volume of 25 mL, 80 percent acetone was added. 
Chlorophyll content (a & b) was evaluated by measuring 
the absorbance of the mixture at 645 and 663 nm 
wavelengths using Jenway 6305 UV/Vis 
Spectrophotometer, UK. Chlorophyll-a, chlorophyll-b, and 
total chlorophyll concentration were then determined using 
the below formulas: 

Chlorophyll-a (mg g-1 fresh weight) = 12.7 (A663) - 2.69 
(A645) × V/(1000 x W) 

Chlorophyll-a (mg g-1 fresh weight) = 22.9 (A645) - 4.68 
(A663) × V/(1000 x W) 

Total chlorophyll-a (mg g-1 fresh weight) = 20.2 (A663) - 
8.02 (A645) × V/(1000 x W) 

Where A645 and A663 =are the wavelength of the mixture 
at 645 nm and 663 nm; V and W represent the measure of 
sample volume and fresh mass of the sample. 

2.3.2. Measurement of Leaf Proline Content 

Estimates of doum palm proline content were made 
using the [20] technique. Liquid nitrogen was used to 
thoroughly grind 0.5 g of freshly expanded leaf samples 
before extracting them with ten milliliters of sulfosalicylic 
acid. Afterward, the extract was streamed, and the purified 
sample was utilized to compute the proline content. Further, 
the extract was treated with two milliliters of glacial acetic 
acid and ninhydrin acid solution. The solution was put into 
an ice-water bath after 1 hour of boiling to stop the reaction. 
The subsequent addition and vigorous agitation of four 
milliliters of toluene resulted in two distinct seams. The 
absorbance of the top toluene level comprising the intricate 
color resulting from the proline and ninhydrin interaction 
was detected at 520 wavelengths. The amount of proline in 
the samples was estimated and reported as the number of 
micromoles per gram fresh weight (μmol g-1 FW) of the 

samples. A proline standard curve was used to convert the 
absorbance values to proline content. The formula for 
determining leaf proline content was as follows: 

Proline (μ mol g- fresh weiht) = 
µg of proline per mL x mL of toluene

115.3
 × 5

g sample 
 

2.3.3. Assessment of Glycine Betaine (GB) 

Measurement of GB in dried leaf powder was done 
according to [21]. To make the extract, 0.5 g of dry 
powdered sample was agitated for 48 hours at 25°C with 20 
ml of distilled H2O. After that, it was filtered and thinned 
to a 1:1 2 N sulfuric acid ratio. 0.5 milliliters of the extract 
were chilled in ice water for one hour. The samples were 
then kept at 0-4°C for 16 hours. This was followed by 15 
minutes of 0°C 10,000g centrifugation. After that, the 
supernatant was carefully aspirated and flushed away. In 9 
mL of 1,2-dichloroethane, crystals of periodate were 
dissolved. Measurement of the concentration at 365 nm 
was made after 2.0-2.5 hours using a UV-visible 
spectrophotometer. 

2.3.4. Quantification of Total Soluble Sugars (TSS) 
With the modified anthrone technique, the amount of 

TSS in leaf samples was determined [22]. In 5 milliliters of 
95 percent ethanol, 0.5 grams of dry samples were 
homogenized and preserved in the refrigerator. Three 
milliliters of anthrone reagent were mixed with 0.1 
milliliters of this preserved refrigerated sample. After that, 
the samples were immersed in scalding hot water for ten 
minutes before being cooled at 20°C. As a reference, 
glucose standard curves were used to calculate the 
concentration of the blue-green mixture at a 625 
wavelength in an ultra-specific double-beam spectrometer. 
The quantity of soluble sugar in the samples was expressed 
as milligrams per kilogram dry weight (dry wt). 

2.3.5. Starch Content Quantification 

The TSS residue was used to measure the starch 
concentration using the [23] method. Five milliliters of 
cold water and six and a half milliliters of perchloric acid 
were mixed for fifteen minutes with leftover TSS analysis 
material. 20 mL water was applied to this mixture and 
centrifuged at 1238 g for 10 minutes in a refrigerated 
centrifuge. After separating the supernatant from the 
residual, the same procedure was repeated, and the 
resulting supernatant was mixed and stored at 0°C for 30 
minutes. After collecting and filtering the supernatant, the 
final volume was adjusted to 100 mL by adding deionized 
H2O. From this mixture, 0.1 milliliters were extracted, and 
the volume was raised to 1 mL of deionized H2O. 
Approximately 2.5 milliliters of cold anthrone were 
applied to the samples, which were then heated at 100 
degrees Celsius for eight minutes before being placed on 
ice to terminate the reaction. The samples' concentration 
was measured at a wavelength of 630 nm with glucose 
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standard as the calibrated curve. The sum of starch was 
measured in mg/g of dry leaf weight. 

2.3.6. Total Free Amino Acid (TFAA) Analysis 
The TFAA concentration was calculated using the [24] 

procedure. A 0.5-gram leaf sample was homogenized in 10 
milliliters of 80 percent ethanol and centrifuged at 800g for 
10 minutes in a freezing centrifuge. 0.1 percent hydrogen 
chloride was added to one milliliter of the extracted 
material to neutralize it. After adding 1 mL of ninhydrin 
reagent to the neutralized mixture, it was placed in a water 
bath and heated for 20 minutes. After cooling the tubes, the 
samples' concentration was detected at 570 nm using a 
proline standard curve for calibration. The extract was then 
boiled in the water bath for 10 minutes after adding five 
milliliters of the diluent (water: n-propanol, 1:1V/V). Leaf 
amino acid concentration was expressed as mg g-1 dry 
weight. 

2.4. Statistical Evaluation of Physiological and 
Biochemical Data 

The experiment was conducted using a completely 
randomized design (CRD) with three replicates (biological 
and technical). The difference between treatments, which 
comprised two levels of drought and a control, was 
established using a factorial design followed by the least 

significant difference test of P <0.05. Analysis was done 
using the RStudio software application (RStudio Team 
2021, MA, USA) and Origin Pro Version 2021 (OriginLab 
Corporation, Northampton, USA). 

3. Results 

3.1. Impact of Water Deficit on Doum Palms Relative 
Leaf Water Content (RLWC) 

Figure 1 depicts the varieties of doum palms regarding 
the RLWC. Water scarcity treatment levels on the three 
varieties were relatively significantly affected by drought 
(P ≤ 0.05). 

Stressed plants showed a decrease (38.5%) in RLWC 
compared to moderate stress (75.7%) and their respective 
control (86%), which were less affected. RLWC decreased 
the most in severely stressed varieties, where there was no 
irrigation during the experiment (65 days). This parameter 
showed a relatively significant (P ≤0.05) difference 
between varieties. RLWC percentage reductions in the 
severely stressed (H1) variety were significantly lower 
than the control. On the other hand, the severely stressed 
(H3) variety had a relatively higher value as compared to 
H1 and H2. 

 

Average value significant at (P ≤ 0.05), and Identical lowercase letters values are not different. H1, H2, and H3 represent the different varieties of doum 
palm samples. 

Figure 1.  Measure of RLWC under three water regimes 
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Average value significant at (P ≤ 0.05), and Identical lowercase letters values are not different. H1, H2, and H3 represent the different varieties of doum 
palm samples. 

Figure 2.  Indicator of MSI under three water regimes 

3.2. Reduction of Leaf Membrane Leakage Status Due 
to Water Stress 

Membrane status index (MSI) results are provided in 
figure 2. The effects of water stress on doum palm MSI 
were significant (P ≤0.05). Except for the H1 variety, no 
change was observed among the control and mild stress 
varieties. As a result of severe water, a significant drop in 
MSI was seen between control and moderate stress on one 
hand and severely stressed on the other hand (figure 2). 
Among the studied varieties, severely stressed (H3) 
slightly experienced the lowest reduction of MSI. 

3.3. Decrease in Doum Palm Chlorophyll Content 
Status Due to Water Stress 

Drought stress had an insignificant impact on the 
chlorophyll (a, b, and total) concentrations of doum palm 
varieties (figures 3A & 3B). However, water stress 
exhibited a considerable (P ≤ 0.01) effect on the 
chlorophyll concentration of the stressed H2 variety as 
compared to control. 

Chlorophyll a and b concentrations dropped to their 
lowest levels on average in plants under severe drought 
treatment. There were no differences in chlorophyll a and b 
among moderate and severe drought-treated samples (H1 
and H2). In the H3 variety, chlorophyll concentration 
levels were sustained significantly in the absence of water 
supply. In contrast, the H1 variety experienced a relative 
reduction of these photosynthetic pigments. Total statistics 
are shown in figure 4 even though there was no significant 
difference. 

3.4. Increased Proline Concentration Due to Water 
Deficit 

The HSD analysis revealed substantial (P ≤ 0.05) 
drought treatment impacts on the proline content of doum 
palm leaves (figure 5). Water scarcity considerably raised 
the proline concentration in the leaves of all samples 
(figure 5) studied in this work. In well-water conditions, 
the proline concentration of doum palm leaf ranged from 
0.33 to 0.38 µmol g-1 fresh weight. 
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A 

 

B 

Average value is significant at (P ≤ 0.05), and Identical lowercase letters values are not different. H1, H2, and H3 represent the different varieties of 
doum palm samples. 

Figure 3.  A. Chlorophyll A under stress; B. Chlorophyll B under stress 
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Figure 4.  Total Chl content under three water regimes 

 

Average value is significant at (P ≤ 0.05), and Identical lowercase letter values are not different. H1, H2, and H3 represent the different varieties of 
doum palm samples. 

Figure 5.  Proline content under three water regimes 
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However, these concentrations rose to 1.42-1.63 mol g-1 
fresh weight under water deficit conditions. This rise in 
proline accumulation due to water deficit was more 
pronounced in genotype 3 (H3) than in moderate stress 
samples. Varieties H1 and H3 showed no significant 
change in concentration between moderate and 
well-watered treatment. In comparison, control plants had 
significantly lower concentrations of this osmolyte 
(proline). 

3.5. Changes in Total Soluble Sugar (TSS) Due to 
Drought 

There was a significant (P ≤ 0.05) variety-treatment 
interaction effect on the TSS concentration of doum palm 
leaves after water shortage conditions (figure 6). The 
plant's TSS significantly increased when water was scarce. 
Comparing the treatments to the control plants, the 
severely treated plants (no watering) exhibited the 
highest increase (average of 1.5) in TSS. The H3 variety 
had slightly the highest percentage increase (1.7) in TSS 
out of the varieties studied (figure 6). 

There were significant differences in total soluble sugars 
in the H2 variety for moderate, severe, and well-water 
conditions. There was no significant difference in TSS 
content between the control and moderate treatments for 
the H3 variety. However, all three varieties showed a 
higher TSS accumulation in severe stress treatment than in 
control. 

3.6. Decline in Doum Palm Starch Content Due to 
Water Stress 

In this study, leaf starch content significantly (P ≤ 0.05) 
influenced variety and treatment (figure 7). The starch 
content of the plants studied was drastically reduced by 
drought at the two treatment levels compared to the control 
plant. In plants subjected to extreme stress (no watering), 
the starch reduction was at its greatest. The H2 variety had 
the most significant decrease of 0.27 mg g-1 dry weight 
(DW) in starch compared to the well-water samples. Both 
moderate and severe stress treatment showed significant 
differences in all the varieties studied in this experiment. 

 

Average value is significant at (P ≤ 0.05), and Identical lowercase letter values are not different. H1, H2, and H3 represent the different varieties of 
doum palm samples 

Figure 6.  Total soluble sugar (TSS) content under three water regimes 
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Average value is significant at (P ≤ 0.05), and Identical lowercase letter values are not different. H1, H2, and H3 represent the different varieties of 
doum palm samples. 

Figure 7.  Starch content under three water regimes 

 

Average value significant at (P ≤ 0.05), and Identical lowercase letters values are not different. H1, H2, and H3 represent the different varieties of doum 
palm samples 

Figure 8.  Total free amino acid content under three water regimes 
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Average value significant at (P ≤ 0.05), and Identical lowercase letters values are not different. H1, H2, and H3 represent the different varieties of doum 
palm samples 

Figure 9.  Glycine betaine (GB) content under three water regimes 

3.7. Accumulation of Total Free Amino Acid (TFAA) 
Due to Water Stress 

Figure 8 demonstrates the variations in the TFAA 
concentration of doum palm leaves caused by drought 
stress. Water deficit treatment had a significant (P ≤ 0.05) 
impact on the TFAA concentration of doum palms. The 
introduction of drought for 65 successive days facilitated a 
considerable accretion of TFAA in doum palms. 
Well-water samples accounted for the less TFAA 
concentration (0.124 to 0.214 mg g-1 dry weight). The H2 
variety showed the most remarkable rise in TFAA among 
the varieties examined, whereas variety H1 recorded a 
relatively lowest concentration increase in TFAA (figure 
8). 

3.8. Increase in Glycine Betaine (GB) due to Drought 
Stress 

The levels of glycine betaine significantly increased   
(P ≤ 0.05) upon drought stress imposition for 65 days in 
doum palms (figure 9). The increased level was relatively 
less in H1 and H3 varieties, with no significant differences 
in control and moderate stress treatment. It was observed 
that there is a substantial difference in the concentrations of 
glycine betaine between control and severely treated plants, 

even though the difference in the H3 variety was not 
statistically significant. 

4. Discussion 

4.1. Evaluation of Relative Leaf Water Concentration 
(RLWC) Due to Water Stress 

The capacity of plants to withstand water stress is 
measured using the RLWC parameter. It has to do with 
root water absorption and transpiration water loss. In this 
study, the drought doum palms were investigated using 
variations in RLWC. Due to decreased soil water 
absorption and the inability to manage water loss under 
water deficit conditions, RLWC decreased significantly. 
Our findings align with those of other researchers who 
have used chickpeas and cotton in their studies [25], [26]. 

RLWC is a good indicator of the quantity of water a 
plant has in its tissues as it measures the quantity of H2O in 
the plant's tissues. Plants' photosynthetic potential 
improves as RLWC levels rise, and this, in turn, results in 
increased yield [27]. Thus, complementary differences in 
dehydration tolerance genotypes are the most valuable 
indices. Genotypes may respond differentially to RLWC 
because they amass and regulate osmotically to retain 
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tissue turgor and, consequently, physiological functions 
[28]. 

Due to the methods for coping with stress supported by 
effective osmotic management and positive osmolarity, 
stressed doum palm varieties in this study maintained their 
higher RLWC, nearly half the value of control plants. In 
the present investigation, numerous osmolytes, including 
total soluble sugar proline, TFAA, and proline demonstrate 
this. 

4.2. Analysis of Leaf Membrane Leakage Status Due to 
Drought 

The capability of plants to retain the integrity of their 
cell membranes is a critical factor in determining their 
capacity to withstand stress. In our experiment, water loss 
from tissues due to drought substantially affected 
membrane structure and function, as indicated by a drop in 
the MSI of the examined genotypes. This was validated by 
the high positive association found between MSI and 
RLWC in the current investigation. The drought-induced 
reactive oxygen species (ROS) enrichment can exacerbate 
photoinhibition and harm the cellular membrane system 
through electrolyte leakage [29]. Leaf tissue's membrane 
stability index decreases as water stress increases. This 
valuable result was found in the present experiment for the 
membrane stability index, which is quite in conformity 
with [18]. Our findings contradict prior research claiming 
that maintaining cell membranes' integrity and stability 
under drought stress is crucial in plant drought tolerance 
[30]. As a result, the MSI reduction demonstrated their 
(doum palm) greater drought tolerance capacity. 

4.3. Analysis of Leaf Proline Content after Drought 
Stress 

Because of its dipolar ion and high hydrophilic 
characteristics, proline is one of the most abundantly 
accumulated plant cytosolutes during drought [31]. In the 
current study, withholding water supply increased leaf 
proline content in doum palms. In all treatments, the H3 
variety exhibited the most significant increase in proline 
due to its greater drought tolerance capacity in maintaining 
the potential water slope at the drought stress threshold. 
Our outcomes confirm the findings of [32] while 
experimenting on strawberry cultivars. As a result, proline 
accumulation is recommended as a selection factor for 
drought-resistant doum palm varieties. 

A decrease in the integration of the constantly generated 
proline during protein synthesis, enhanced proteolysis, or 
protein synthesis inhibition is the principal cause of 
elevated proline content due to drought [33]. P5CS 
(Pyrroline-5-carboxylate synthase) is raised in stressed 
plants, and ProDH and P5C dehydrogenase are decreased 
[34]. [35] have underlined the function of proline in plants' 
adjustment to water stress because of its numerous 

biological impacts, including osmotic management, 
antioxidant activity, energy transfer, carbon, and nitrogen 
sources. Under water stress conditions, the H3 variety 
accumulated the highest proline content, relatively more 
than the other varieties in our study. 

4.4. Assessment of Glycine Betaine Due to Drought 
Stress 

Glycine betaine (GB) is an osmoprotectant present in 
crops exposed to harsh conditions such as drought, and it 
has been linked to drought tolerance in several plants. 
Endurance to stress caused by several abiotic stresses has 
been linked to glycine betaine accumulation [36]–[38]. For 
example, plant species tend to accumulate GB and proline 
in response to environmental stressors such as severe 
temperatures, drought, salt, UV radiation, and heavy metal 
contamination. 

[39] reported a similar finding in which they showed the 
accumulation of glycine betaine (GB) in barley and 
sunflower under drought conditions. The raised 
concentration of this osmolyte under water shortage 
implies that it plays a vital role in defending the cellular 
metabolism of plants. [40] found GB to be one of the most 
prevalent Quaternary Ammonium Compounds (QACs) 
generated during drought in rice and sorghum. GB shields 
enzymes and membranes and is also in charge of 
maintaining the PSII protein pigment complex in extreme 
conditions [41]. According to [42], oxidative 
circumstances that could damage DNA structure and 
proteins and impede photosynthesis are avoided due to 
GB's protective effect. 

4.5. Evaluating Total Soluble Sugar (TSS) and Starch 
Content in Doum Palm Due to Stress 

TSS operates as an osmoprotectant during drought 
because its hydroxyl groups replace the water in 
membranes and proteins [43]. Higher soluble sugar 
buildup in stressed tissues is linked to plant drought 
resistance [44]. In our experiments, as the water potential 
dropped, we saw an increase in total soluble sugar 
concentration and a decrease in starch content. As a result, 
plants under drought stress may have higher levels of sugar 
due to increased amylase enzyme activity and inhibition of 
the starch production enzyme ADP-glucose 
pyrophosphorylase. Findings from the current study 
corroborate reports on the drought response of potato and 
wheat cultivars [45]. As illustrated in figure 5, an increase 
in TSS concentration in water-stressed leaves was linked 
with a drop in RLWC, which reduced the negative effects 
of water deficit via osmotic adaptation. 

4.6. Analysis of Total Free Amino Acid (TFAA) due to 
Drought 

The rise in TFAA concentration of doum palm varieties 
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under drought is due to protein production interruption, 
enhanced breakdown of peptides, and leaf peptide bonds 
into amino acids resulting in decreased total soluble protein 
concentration. This stress-induced increase in TFAA levels 
may result from decreased RuBisCO activity, which delays 
protein synthesis and accelerates protein breakdown, 
resulting in a discrepancy in the ratio of soluble amino 
acids to proteins [46]. TFAA levels in maize genotypes 
likewise increased under drought, as reported by [47]. A 
higher concentration of TFAA is associated with a plant's 
ability to store nitrogen to produce amino acids, such as 
proline and glycine betaine, which are necessary for cell 
osmotic modification in stress-prone environments [48]. 
Increased levels of free amino acids also help reduce ROS 
activity, which is exacerbated when there is a water 
shortage [49]. The higher TFAA accumulation in the H3 
variety of doum palms demonstrates the superior osmotic 
adjustment capacity under drought compared to the other 
varieties tested. 

4.7. Assessment of Chlorophyll (A, B & Total) Content 
Due to Water Deficit 

Chlorophyll concentration (a, b, and total) decreased due 
to chloroplast ultrastructure degradation, chlorophyll 
photooxidation, chlorophyll substrate destruction, 
chlorophyll biosynthesis inhibition, and increased 
chlorophyllase enzyme activity, which catalyzes the first 
phase of chlorophyll breakdown [50]. 

Chlorophyll loss occurs when reactive oxygen species 
(ROS) such as superoxide (O2-) and hydrogen peroxide 
(H2O2) accumulate excessively under conditions of 
osmotic stress. Several species, including black gram and 
barley, have been found to have a decrease in leaf 
chlorophyll content under drought [51]. 

Results from the current study indicated that the 
amounts of chlorophyll a and b did not significantly change 
under moderate drought stress. However, a slight change in 
chlorophyll content (a and b) was observed in the H1 
variety under severe treatment compared to the well-water 
plants. A study by [52] also reported related funding where 
they determined the effects of water stress on 
photosynthesis in genotypes of barley that were both 
resistant and sensitive. Chlorophyll content decreased in 
this study though the decrease was not statistically 
significant. 

This finding is in line with those of [53], who found that 
water deficit reduced chlorophyll a and b levels in six 
different Triticum aestivum cultivars but the difference was 
not significant. A study of chickpea varieties with varying 
drought treatments also [54] found no significant 
differences in chlorophyll content. In other species, 
chlorophyll levels have decreased or remained the same 
during drought stress, depending on the length and severity 
of the drought [55]. Therefore, the no significant values in 
this study can be attributed to the short time of drought 
treatment. 

5. Conclusions 
In the current investigation, water deficit induced 

various responses in doum palms. Measurements of 
physiological and biochemical parameters under water 
stress have provided theoretical foundations and enabled 
the selection of drought tolerance doum palms. 
Biochemical and physiological changes in reaction to 
stress conditions enhance plant metabolism. In addition, it 
can also improve the survival of plants in drought-prone 
environments. The relative leaf water content, membrane 
stability status, leaf proline, total soluble sugar (TSS), total 
TFAA, glycine betaine, and starch content are markers for 
identifying doum palm genotypes with drought resilience. 
Therefore, the outcomes of this research imply the initial 
physiological and biochemical parameters of doum palms 
to water stress. From a drought tolerance perspective, this 
study shows that doum palm resources especially the 
variety H2 can be exploited as a breeding crop that can 
thrive well when drought stress occurs. Although a 
greenhouse provides better-controlled circumstances for 
stress treatments, the correlation between the results of this 
greenhouse experiment and those of a field experiment 
needs additional research and validation. 
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