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Received: Abstract

Sep. 29, 2025 A factorial experiment was conducted in a plastic greenhouse des-
ignated for this purpose in Al-Husseiniya sub-district (14 km
southeast of Karbala province) to study the effect of natural com-
Accepted: pounds on the growth of plants under water stress. The experiment
included three equally important factors: the first factor involved

Dec. 7, 2023 three irrigation intervals (4, 6, and 8 days), the second factor in-
volved treating the soil medium with different levels of fabric poly-
Published: ter (0.0, 2.5, and 5.0 g per pot), and the third factor involved foliar

spraying with different concentrations of nano-chitosan (0.0, 100,
Mar. 15, 2026 and 200 mg L").The experiment was designed in a randomized
complete block design (RCBD) with three replicates for each
treatment, with each replicate consisting of three experimental
units. Each pot represented an independent experimental unit, with
one plant per pot.The results showed significant differences in
growth parameters due to the studied factors. The combination
treatment of 2.5 g polyter and foliar spraying with 200 mg L™! chi-
tosan for plants irrigated every 4 days resulted in significantly su-
perior performance in plant height (127.67 cm), number of leaves
(444.3 leaves), and number of roots (8.33 roots), which did not dif-
fer significantly from the same combination when irrigated every 8
days. Leaf chlorophyll content also increased (60.43 SPAD units).
The longest root length (38.67 cm) was observed in the combina-
tion of 5.0 g polyter and water-only spraying under 8-day irrigation
intervals. The lowest values were recorded in the control treatment.
These findings suggest that eco-friendly and sustainable environ-
mental factors have a significant impact on enhancing the vegeta-
tive growth parameters of Senna occidentalis L.under varying irri-
gation intervals.

Keywords: Senna occidentalis L., Water stress, polyter, Nano-
chitosan

Introduction

Senna occidentalis L. is a herbaceous, evergreen shrub. It is a highly attractive
plant that propagates by seeds. Senna occidentalis L. is native to tropical and subtrop-
ical regions and belongs to the Fabaceae (Legume) family. It has an upright stem that
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bears beautiful yellow flowers which bloom throughout the year. The plant can grow
up to 2.5 meters in height and is originally native to Australia and East Africa. It is
cultivated in warm, humid, hot, and semi-hot regions and is used for medicinal pur-
poses as well as for landscaping parks and streets [1].

Shrubs are known as a group of woody perennial plants characterized by a green
leafy mass that holds considerable environmental, industrial, and nutritional im-
portance. Their usage extends beyond these functions, as they are essential elements
in soil stabilization, combating desertification, preventing sand encroachment, serv-
ing as windbreaks, and enhancing landscape design due to their attractive foliage,
flowers, or regular growth habits. They also contribute to biodiversity [ 2 | Moreover,
shrubs play a prominent role in the environment through their ability to absorb toxic
COs: from the atmosphere and improve climatic conditions [3]

Due to the water scarcity faced by Middle Eastern countries and the challenges
arising from reduced rainfall and weakened upstream water supply, plants have been
increasingly exposed to abiotic environmental stress, particularly water stress. This
form of stress 1s considered one of the most critical and dangerous challenges to plant
growth [4]. Water stress often negatively impacts vegetative growth parameters by
stimulating the production of free radicals, which exert oxidative effects on plant
cells, leading to compounded stress due to insufficient water availability, and thereby
further deteriorating growth indicators [5]. One of the most important modern ap-
proaches to mitigating water stress is the use of natural chemical compounds with bi-
ostimulant properties, as suggested by recent studies. These compounds help over-
come anticipated water shortages. Soil can reduce water loss and retain moisture to
cope with drought through the use of natural compounds such as polyter, which
forms a cellulose fiber-like network that binds to soil particles, preventing water per-
meability and enabling moisture retention for longer periods [6]. Plants can also re-
duce moisture loss by using anti-transpirants, which are a group of effective com-
pounds capable of limiting water vapor loss through transpiration when applied as fo-
liar sprays. An example is chitosan, a biostimulant compound that enhances cell divi-
sion and growth and acts as an anti-transpirant to reduce water loss[7]. Based on the
above, this study aims to assess the growth performance of Senna occidentalis L.
shrubs under water-stress conditions, while examining how their response is influ-
enced by treatments with safe and naturally derived compounds that may enhance
their tolerance and overall growth attributes.

Materials and Methods

A factorial experiment was conducted in a plastic greenhouse specifically desig-
nated for this purpose in Al-Husseiniya sub-district (14 km southeast of Karbala
Governorate), located at 44°09'E longitude and 32°39'N latitude, during the period
from the end of October 2024 to the end of August 2025. The aim was to study the
effect of natural compounds on the vegetative growth of Senna occidentalis L.plants
subjected to water stress under greenhouse conditions.
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Seedlings of Senna occidentalis L.were obtained from the Agricultural Research
Directorate in Baghdad (Al-Zaafaraniya), and the remaining number was completed
from a private nursery in Babylon Province. The seedlings were 1-2 years old, prop-
agated from seeds, with an average height ranging between 30 and 60 cm. The seed-
lings were transplanted into plastic pots with a diameter of 30 cm and a capacity of 8
kg, using a soil mixture of sand and peat moss in a 2:3 ratio (Table 1), on 10 October
2024. One plant was placed per pot. The soil was firmly compacted during transplant-
ing to prevent seedling movement. All necessary horticultural practices were per-
formed as needed during the experimental period. Humic acid was applied as a ferti-
lizer at a concentration of 2.5 ml-L" to all pots twice during the study — once during
transplanting and once afterward.

Table (1): Some physical and chemical properties of the experimental soil

>0l Availa- Total
Tex- | Soil particle size val Available 0
« e . ble Po- Nitro- | Organ- | E.C
ture distribution . Phospho- .
tassium gen ic Mat- | ms. | pH
)mg. kg rus )mg. | ter (%) | cm’!
Sand | Silt | Clay 1'( ymg. kg( K 'li
(%) | (%) | (%) °
Sandy meo 5754 189 | 7.5
0 6 2.03 | 106.96 0.3 9.1 0.33 6 2

Experimental Treatments
The experiment involved three factors, organized based on the adopted experi-
mental design, as follows:

1- TIrrigation Intervals Three irrigation frequencies were used: every 4, 6, and 8
days, respectively. The irrigation program was implemented after the initiation
of the treatment applications.

2- Fabric Polyter :The soil conditioner polyter was mixed with the soil before
transplanting at three levels: 0.0, 2.5, and 5.0 g-pot™, following the manufac-
turer’s recommendations. It was applied as a powder at a depth of 5—7 cm be-
low the soil surface, targeting the root zone.

3- Nano-Chitosan : Nano-chitosan was applied as a foliar spray at three concen-
trations: 0, 100, and 200 mg-L'. Four sprays were conducted, each 20 days
apart, starting from March 29, 2025, until June 1, 2025. Spraying was done in
the early morning until full foliage wetting was achieved.

Measured Parameters

1- Plant Height (cm):Measured from the base of the stem at soil level to the apex
of the plant using a metric measuring tape. Five plants per treatment replicate
were measured, and the average was calculated.

2- Number of Leaves (leaves-plant™'):Leaves were counted for each plant within
each replicate, and the average was determined.

76




Journal of Kerbala for Agricultural Sciences Issue (1), Volume (13), (2026)

3- Leaf Chlorophyll Content (SPAD):Measured using a SPAD Plus-502 meter
(Japan). Three readings were taken per leaf (top, middle, and bottom leaves of
one plant), and the mean value was recorded.

4- Main Root Length (cm):Measured on August 17, 2025, at the end of the exper-
iment. One plant was randomly selected from each replicate. Plants were up-
rooted, washed to remove soil and polyter residues, and root length was meas-
ured from the crown to the root tip using a metric ruler.

5- Number of Roots (roots-plant™):Counted for each plant in every replicate, then
the average was calculated.

Experimental Design and Statistical Analysis

The experiment was conducted as a 3x3x3 factorial in a Randomized Complete
Block Design (RCBD) with three replicates per treatment. Each replicate included
three experimental units, totaling 27 treatments, each randomly distributed. Each rep-
licate contained four pots (one plant per pot), resulting in a total of 324 pots.

Data were statistically analyzed using GenStat 2012 software. Differences be-
tween treatment means were evaluated using the Least Significant Difference (LSD)
test at the 5% probability level [8].

(LSD) test at the 5% probability level [8].

Results and Discussion
Plant Height (cm)

The statistical analysis presented in Table 2 indicates that irrigation intervals had a
significant effect on plant height. A clear inverse relationship was observed, where
increasing the irrigation interval led to a decrease in plant height. The highest average
plant height was recorded at the 4-day irrigation interval, reaching 113.83 cm, which
was significantly superior to the other treatments. In contrast, the lowest average
height was observed in the 8-day irrigation treatment, with a value of 105.43 cm.
Significant differences were also observed in plant height as a result of the applica-
tion of fabric polyter at different levels to the planting medium. Plants treated with
2.5 g polyter per pot achieved the highest mean height of 112.63 cm, which was sig-
nificantly greater than the 5.0 g treatment, which recorded the lowest mean of 107.30
cm. However, the latter did not differ significantly from the control treatment, which
had an average of 110.63 cm.

Furthermore, foliar application of nano-chitosan resulted in significant variations
in plant height. The concentration of 200 mg-L™" produced the tallest plants, with a
mean height of 121.78 cm, significantly outperforming all other treatments. In con-
trast, the control treatment (no chitosan application) recorded the lowest average
plant height of 98.52 cm.
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Table (2): Effect of polyter, nano-chitosan, and their interactions on the plant height
(cm) of Senna occidentalis L. grown under different irrigation intervals
Irrigation | Polyter | Nanochitosan ( mgm.L') | Irrigation
eriod | (gm.pot eriod X
p( day) o 0.00 | 100 | 200 ppoly o
0.00 103.00 | 115.00 | 123.33 113.8
4 2.50 106.00 | 112.67 | 127.67 115.5
5.00 100.67 | 111.33 | 122.00 112.3
0.00 104.67 | 114.67 | 123.00 112.8
6 2.50 100.67 | 113.33 | 126.00 113.3
5.00 94.00 | 108.67 | 120.67 107.8
0.00 90.33 | 106.00 | 119.67 105.3

8 2.50 9433 | 113.00 | 120.00 109.1
5.00 94.00 | 97.67 | 113.67 101.8
L.S.D. o5 6.366 3.676
Irrigation period X Nanochitosan Irrlgz.ltlon
period
4 104.2 113.0 124.3 113.83
6 98.5 112.2 123.2 111.30
8 92.9 105.6 117.8 105.43
L.S.D. g5 3.676 2.122
Nanochitosan X polyter polyter
0.00 98.0 111.9 122.0 110.63
2.50 100.3 113.0 124.6 112.63
5.00 97.2 105.9 118.8 107.30
L.S.D. g5 3.676 2.122
Nanochitosan 98.52 | 110.26 | 121.78
L.S.D. 005 2.122

The same table (Table 2) also shows that plant height was significantly influenced
by the two-way interactions among the experimental factors:

The interaction between irrigation interval and polyter showed significant differ-
ences, where the treatment of watering every 4 days combined with 2.5 g of polyter
recorded the highest plant height, reaching 115.5 cm, while the lowest height (101.8
cm) was recorded in plants irrigated every 8 days and treated with 5.0 g of polyter.
Similarly, the interaction between irrigation and nano-chitosan revealed significant
differences. The treatment of irrigation every 4 days with 200 mg-L™! chitosan spray
recorded the highest plant height (124.3 cm), whereas the lowest average height (92.9
cm) was recorded in plants irrigated every 8 days with no chitosan spray.

As for the interaction between polyter and chitosan, the highest plant height (124.6
cm) was recorded when 2.5 g of polyter was combined with 200 mg-L™! of chitosan,
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while the lowest value (97.2 cm) was recorded in plants treated with 5.0 g polyter and
water spray only.

A significant response was also observed in the three-way interaction among all
experimental factors. The combination of watering every 4 days, soil treatment with
2.5 g polyter, and foliar spraying with 200 mg-L™! chitosan recorded the highest plant
height of 127.67 cm, significantly outperforming most other combinations. In con-
trast, the lowest height (90.33 cm) was recorded in the control treatment (plants irri-
gated every 8 days with no polyter or chitosan application).

Number of Leaves (leaves-plant™)

The statistical results in Table 3 show that irrigation intervals significantly affect-
ed the number of leaves. The highest average number of leaves (355.6) was observed
in plants irrigated every 4 days, while the lowest (230.9) was recorded in plants irri-
gated every 8 days.

Application of polyter also had a significant effect. Both 2.5 g and 5.0 g treat-
ments led to higher leaf numbers (295.0 and 293.2 leaves, respectively), with no sig-
nificant difference between them. These were significantly higher than the control,
which had the lowest average of 253.9 leaves.

Similarly, foliar application of nano-chitosan showed a significant impact. The 200
mg-L! treatment recorded the highest leaf number (310.5), while the control record-
ed the lowest (256.7).

Significant differences were observed in two-way interactions:

The interaction of 4-day irrigation interval with 2.5 g polyter produced the highest
average number of leaves (375.1), while the lowest (209.3) was recorded in plants ir-
rigated every 8 days with no polyter treatment.

The interaction between irrigation and chitosan showed that watering every 4 days
combined with 200 mg-L™! chitosan spray resulted in the highest number of leaves
(411.4), significantly outperforming all other combinations. Conversely, the lowest
number of leaves (221.9) was recorded in plants irrigated every 8 days with no chi-
tosan application.The interaction between polyter and chitosan also revealed signifi-
cant effects. The highest average (331.6 leaves) was achieved with the 2.5 g polyter +
200 mg L' chitosan treatment, whereas the control (no polyter or chitosan) resulted
in the lowest value (222.4 leaves).

A significant three-way interaction was also found among the three factors. The
combination of 4-day irrigation interval, 2.5 g polyter, and 200 mg-L™' chitosan led to
the highest average number of leaves (444.3), significantly outperforming all other
three-way combinations. The lowest value (195.0 leaves) was recorded in the control
treatment under 8-day irrigation with no polyter or chitosan application.
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Table (3): Effect of polyter, nano-chitosan, and their interactions on the number of
leaves of plant (leaf.plant™) of Senna occidentalis L. grown under different irrigation
intervals

Irrigation | Polyter | Nanochitosan ( mgm.L-1) | Irrigation

period | (gm.pot- period X
(day) 1) 0.00 100 200 e
0.00 257.0 | 2953 | 403.3 318.6
4 2.50 316.7 3643 | 4443 375.1

5.00 365.3 367.3 | 386.7 373.1
0.00 2153 | 233.0 | 253.0 233.8
6 2.50 240.0 | 2773 | 291.7 269.7
5.00 250.7 | 259.7 | 2793 263.2
0.00 195.0 | 210.0 | 223.0 209.3

8 2.50 231.3 | 2303 | 258.7 240.1
5.00 239.3 | 235.7 | 2547 243.2
L.S.D. o5 38.46 22.20
Irrigation period xNanochitosan Irrlgz.ltlon
period
4 313.0 | 3423 | 4114 355.6
6 2353 | 256.7 | 274.7 255.6
8 2219 | 2253 | 2454 230.9
L.S.D. g5 22.20 12.82
Nanochitosan X polyter polyter
0.00 2224 | 246.1 | 293.1 253.9
2.50 262.7 | 290.7 | 331.6 295.0
5.00 285.1 | 287.6 | 306.9 293.2
L.S.D. 405 22.20 12.82 |
Nanochitosan 256.7 | 274.8 | 310.5
L.S.D. 005 12.82

Leaf Chlorophyll Content (SPAD Value)
Table (4): Effect of polyter, nano-chitosan, and their interactions on the leat Chloro-
phyll Content (SPAD Value) of Senna occidentalis L. grown under different irriga-
tion intervals

Irrigation | Polyter | Nanochitosan ( mgm.L-1) | Irrigation

period | (gm.pot- period X
(day) 1) 0.00 100 200 e
0.00 51.86 | 57.47 | 58.58 55.97
4 2.50 53.55 56.74 | 60.43 56.91

5.00 50.23 55.49 | 57.32 54.35

0.00 50.82 | 54.24 | 56.62 53.89

6 2.50 48.59 | 4945 | 56.75 51.60

5.00 45.31 47.79 | 51.98 48.36
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0.00 49.23 51.35 5143 50.67
8 2.50 48.46 | 45.54 | 49.63 47.88
5.00 4531 45.85 50.01 47.06
L.S.D. 905 4.039 2.332
Nanochitosan X irrigation period Irrlgz}tlon
period
4 51.88 56.57 | 58.78 55.74
6 48.24 5049 | 55.12 51.28
8 47.67 | 47.58 50.36 48.53
L.S.D. s 2.332 1.346
Nanochitosan X polyter polyter
0.00 50.63 54.35 55.54 53.51
2.50 50.20 50.58 55.61 52.13
5.00 46.95 49.71 53.10 49.92
L.S.D. g5 2.332 1.346
Nanochitosan 49.26 ‘ 51.55 ‘ 54.75
L.S.D. ¢0s 1.346

Statistical analysis data in Table 4 revealed significant differences in leaf chloro-
phyll content as affected by irrigation frequency. A reverse relationship was observed
between chlorophyll content and the length of the irrigation interval, with the highest
value (55.74 SPAD) recorded in plants irrigated every 4 days, significantly surpas-
sing the other treatments. Conversely, the lowest value (48.53 SPAD) was recorded
in plants irrigated every 8 days.

As for polyter soil application, the control treatment (no polyter) recorded the
highest mean chlorophyll content (53.51 SPAD), which significantly exceeded the
5.0 g treatment (49.92 SPAD), though it did not differ significantly from the 2.5 g
treatment (52.13 SPAD).

Nano-chitosan foliar application had a significant effect as well. The treatment
with 200 mg-L™! yielded the highest chlorophyll content (54.75 SPAD), significantly
outperforming the other treatments, while the control gave the lowest average (49.26
SPAD).

Significant two-way interactions were found: The 4-day irrigation interval with
2.5 g polyter produced the highest SPAD value (56.91), while the lowest (47.06) was
in plants irrigated every 8 days without polyter.

The 4-day irrigation combined with 200 mg-L™' chitosan resulted in the highest
SPAD value (58.78), while plants irrigated every 8 days and sprayed with 100 mg-L™
had the lowest (47.58 SPAD).

The interaction between 2.5 g polyter and 200 mg-L™" chitosan gave the highest
value (55.61 SPAD), whereas 5.0 g polyter with no chitosan yielded the lowest
(46.95 SPAD).

The three-way interaction also showed significant differences, with the 4-day irri-
gation + 2.5 g polyter + 200 mg-L' chitosan combination recording the highest
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SPAD value (60.43). The lowest value (45.31 SPAD) was recorded in plants irrigated
every 6 or 8 days without polyter or chitosan.

Main Root Length (cm)
Table (5): Effect of polyter, nano-chitosan, and their interactions on the Main Root
Length (cm) of Senna occidentalis L. grown under different irrigation intervals

Irrigation | Polyter | Nanochitosan ( mgm.L-1) | Irrigation

period | (gm.pot- period X
(day) 1) 0.00 100 200 e
0.00 25.00 | 28.00 | 28.00 27.00
4 2.50 2400 | 27.33 | 27.33 26.22

5.00 27.67 | 27.00 | 25.00 26.56
0.00 26.00 | 28.67 | 27.67 27.44
6 2.50 29.67 | 27.00 | 29.67 28.78
5.00 29.00 | 30.00 | 31.33 30.11
0.00 33.00 | 34.67 | 32.00 33.22

8 2.50 36.67 | 35.00 | 33.33 35.00
5.00 38.67 | 37.33 | 36.33 37.44
L.S.D. o5 4.517 2.608
Irrigation period X Nanochitosan Irrlgz.ltlon
period
4 25.56 | 2744 | 26.78 26.59
6 28.22 | 28.56 | 29.56 28.78
8 36.11 35.67 | 33.89 35.22
L.S.D. o5 2.608 1.506
polyter x Nanochitosan polyter
0.00 28.00 | 30.44 | 29.22 29.22
2.50 30.11 29.78 | 30.11 30.00
5.00 31.78 | 3144 | 30.89 31.37
L.S.D. g5 2.608 1.506
Nanochitosan 2996 | 30.56 | 30.07
L.S.D. o5 N. S.

According to Table 5, irrigation frequency significantly influenced main root
length. Plants irrigated every 8 days recorded the longest roots (35.22 cm), while the
shortest (26.59 cm) was observed in the control group (4-day irrigation without
treatments).

Soil application of polyter had a significant effect. The 5.0 g treatment produced
the longest roots (31.37 cm), significantly exceeding the control (29.22 cm). Howev-
er, nano-chitosan application did not result in significant differences for this trait.
Significant two-way interactions were observed:
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The 8-day irrigation + 5.0 g polyter treatment produced the highest root length
(37.44 cm), while the lowest (26.22 cm) was recorded in 4-day irrigation + 2.5 g pol-
yter.

The 8-day irrigation with no chitosan resulted in the longest roots (36.11 cm), sig-
nificantly higher than the 4-day irrigation without chitosan (25.56 cm).

For polyter x chitosan, the 5.0 g polyter with no chitosan combination recorded the
highest value (31.78 cm), while the control gave the lowest (28.00 cm).

The three-way interaction had a significant effect as well. The combination of 8-
day irrigation + 5.0 g polyter + no chitosan yielded the longest main root (38.67 cm),
whereas the combination of 4-day irrigation + 2.5 g polyter + no chitosan recorded
the shortest root length (24.00 cm).

Number of Roots (roots-plant™)

Table (6): Effect of polyter, nano-chitosan, and their interactions on the Number of
Roots (roots:plant™) of Senna occidentalis L. grown under different irrigation inter-
vals

Irrigation | Polyter | Nanochitosan ( mgm.L-1) | Irrigation
period | (gm.pot- period X
(day) 1) 0.00 100 200 e

0.00 6.67 7.33 6.67 6.89
4 2.50 6.33 7.00 8.33 7.22
5.00 7.67 6.67 7.33 7.22
0.00 5.00 5.67 5.33 5.33
6 2.50 6.33 6.67 6.00 6.33
5.00 6.33 6.67 7.33 6.78
0.00 6.00 6.33 6.67 6.33
8 2.50 6.33 7.33 8.33 7.33
5.00 6.67 6.67 7.67 7.00
L.S.D. 0.5 1.680 0.970
Irrigation period x Nanochitosan Il'l'lgi.lthIl
period
4 6.89 7.00 7.44 7.11
6 5.89 6.33 6.22 6.15
8 6.33 6.78 7.56 6.89
L.S.D. 0.05 0.970 0.560
polyter x Nanochitosan Polyter
0.00 5.89 6.44 6.22 6.19
2.50 6.33 7.00 7.56 6.96
5.00 6.89 6.67 7.44 7.00
L.S.D. 0.05 0.970 0.560
Nanochitosan 6.37 \ 6.70 \ 7.07
L.S.D. 0.05 0.560
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As shown in Table 6, irrigation frequency significantly influenced the number of
roots. The 4-day irrigation treatment gave the highest root number (7.11 roots), while
the lowest (6.15) was observed in the 6-day irrigation group.

Polyter application significantly increased root numbers, with 2.5 g and 5.0 g
treatments producing 6.96 and 7.00 roots, respectively. These did not differ signifi-
cantly from each other but were both higher than the control (6.19 roots).

Nano-chitosan also had a significant effect. The 100 and 200 mg-L™' concentra-
tions resulted in 6.70 and 7.07 roots, respectively, significantly higher than the con-
trol (6.37 roots). Significant interaction effects were observed:

The 8-day irrigation + 2.5 g polyter treatment resulted in the highest root number
(7.33 roots), while the 6-day irrigation without polyter yielded the lowest (5.33
roots).

The 8-day irrigation + 200 mg-L™" chitosan treatment gave the highest average
(7.56 roots), while the 6-day irrigation without chitosan produced the lowest (5.89
roots). Similarly, the 2.5 g polyter + 200 mg-L™!' chitosan treatment recorded the
highest number (7.56 roots), and the control had the lowest (5.89 roots).

For the three-way interaction, the combinations of: 4-day irrigation + 2.5 g poly-
ter + 200 mg-L! chitosan, and 8-day irrigation + 2.5 g polyter + 200 mg-L™! chitosan
both produced the highest number of roots (8.33 roots), significantly surpassing most
other treatments. The lowest root number (5.00 roots) was recorded in the 6-day irri-
gation with no polyter or chitosan.

The considerable differences observed in the evaluated vegetative growth traits (as
presented in Tables 2—6) can largely be explained by the varying experimental factors
and the direct roles they played in influencing plant growth and developmental pro-
cesses throughout the growth cycle. The decline in growth performance of plants sub-
jected to irrigation every 8 days is most likely a consequence of water stress, which
restricts the amount of water available during the critical vegetative phase. Such lim-
ited water availability disrupts normal physiological functioning, resulting in reduced
formation of essential growth structures and weakening key metabolic activities.
Among these, chlorophyll biosynthesis appears to be particularly affected, ultimately
diminishing the plant’s ability to photosynthesize efficiently and sustain healthy
growth. [9].

Moreover, the decline in growth traits may also be associated with a reduction in
protein content within plant tissues, given that proteins play a fundamental role in
structural formation and the regulation of numerous metabolic processes. Under wa-
ter-stress conditions, plants often experience an elevation in growth-inhibitory hor-
mones, particularly abscisic acid (ABA), which further suppresses vegetative growth
by restricting cell division, elongation, and overall physiological activity [10].

Notably, the observed increase in root length under prolonged irrigation intervals
may reflect an adaptive survival mechanism, whereby water-stressed plants extend
their root systems deeper or farther into the soil profile in an effort to access more
distant or limited water reserves [11].
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The beneficial effects of nano-chitosan may be linked to its physiological func-
tions, particularly its ability to stimulate internal auxin biosynthesis by enhancing
tryptophan formation, which in turn promotes increased cell division and overall
plant growth [12]. Moreover, chitosan’s antioxidant and protective properties against
pests and viruses likely improved plant growth and increased leaf number [13]. Its
high nitrogen content (~6.89%) may have also contributed to the increased chloro-
phyll content [14].

The Polyter polymer exerted a crucial influence owing to its exceptional super-
absorbent capacity, functioning as an effective water reservoir within the soil. By re-
taining substantial amounts of moisture and gradually releasing it into the root zone,
Polyter significantly reduced water loss through evaporation and improved the soil’s
water-holding efficiency. This sustained moisture availability enhanced overall plant
performance, particularly under stressful or water-limited conditions. Additionally,
Polyter supported more robust root development, in some cases stimulating a three-
to five-fold increase in root hair formation, which contributed to greater root mass,
improved nutrient uptake, and enhanced plant vigor [15,16].

The evaluated factors exerted a significant impact on the vegetative growth char-
acteristics of Senna occidentalis. The application of Polyter, particularly at a rate of
2.5 g, enhanced nutrient availability and improved soil properties, thereby contrib-
uting to better plant performance and increasing the economic viability of the exper-
iment. Additionally, foliar application of nano-chitosan further promoted overall
plant growth. Conversely, water stress resulting from 8-day irrigation intervals ad-
versely affected most of the measured growth parameters.
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