
Morphoanatomical and Physiological Adaptations of Triticum
aestivum L. against Allelopathic Extract of Trianthema
portulacastrum L. (Horse purslane)
Muhammad Shahid Hassan, Nargis Naz, Habib Ali,* Basharat Ali, Muhammad Akram, Baber Ali,
Faisal Mahmood, Umbreen Shahzad, Mumtaz Hussain, Rashid Iqbal,* Sezai Ercisli,*
Mohamed Farouk Elsadek, Abd El-Zaher M. A. Mustafa, Ijaz Ahmad, and Reham M. Mostafa

Cite This: ACS Omega 2023, 8, 35874−35883 Read Online

ACCESS Metrics & More Article Recommendations

ABSTRACT: Weed infestation can be harmful to crop growth and cause
severe losses in yield by absorbing nutrients and releasing inhibitory
secondary metabolites and thus needs to be controlled for food security.
The use of synthetic herbicides is one of the most widely applied methods,
but its frequent usage is a serious threat to health and the environment and
develops resistance in weeds. Allelopathy is an eco-friendly bio-control
method, and Trianthema portulacastrum extracts are known to be effective
against various weeds in the crop of Triticum aestivum (wheat), but their
effect on the main crop (wheat) is still unknown. The pot experiment was
carried out, and various concentrations (30, 60, and 100%) of root and
shoot extracts of T. portulacastrum and a synthetic herbicide (Metafin
Super) along with control (distilled water) were applied to the wheat
plants. Various morphological, physiological, and anatomical parameters
were recorded under natural conditions. The objective of this study was to explore the allelopathic impact of T. portulacastrum
compared to the synthetic herbicide on the growth of wheat. This study displayed that various growth characteristics of wheat were
significantly affected at p ≤ 0.05 by root and shoot water extracts of T. portulacastrum but were less inhibitory as compared to the
synthetic herbicide. This inhibition of the growth of wheat was coupled with a significant increase in total free amino acids, K ions,
CAT (catalase), proline, epidermal and cortical thickness, and abaxial stomatal density. In addition, a reduction in growth parameters
was correlated with a decrease in photosynthetic pigments. This study revealed that the use of T. portulacastrum extracts could be
safer than synthetic herbicides for wheat plants and would be beneficial to control weeds in a wheat field.

1. INTRODUCTION
The world population is growing at an alarming rate, as it has
dramatically doubled from that of 1970 and is estimated to
reach 9.2 billion with a 30% annual growth by 2050.1 A
massive increase in population leads to food scarcity, resulting
in 70% increase in food demand globally.2,3 Wheat is among
the most pre-historic and widely cultivated crops of all cereals.4

This is a key source of carbohydrates (60−90%), proteins
(11−16.5%), lipids (1.5−2%), inorganic essential ions (1.2−
2%), and vitamins5 for both animals and human beings. In
Pakistan, it was cultivated in an area of 9.593 Mha, and the
yield was about 27.10 million tons in season 2020−21. To
make up for nutrition deficiency, the yield can be improved
through the employment of high-yielding genotypes coupled
with advanced weed-controlling methods.6 The weather
conditions and the soil of Pakistan are suitable for wheat
production, but the wheat yield is 10 times lesser than that of
developed countries.7

Several biotic and abiotic factors cause low wheat yield;8,9

among these, weed infestation is one of the main limiting
biological constraints.10 Almost 30,000 weed species have been
recognized in the world, and out of these, 18,000 species can
cause a significant loss to crop yield.11 They are the main
bottleneck in crop-growing systems as they compete for space,
capture nutritional precious resources, and ultimately lead to a
significant decrease in wheat crop production. The yield losses
of wheat vary between 17 and 30% annually12 depending on
the density and flora of weed. Therefore, the management of
weeds is a basic requisite for better productivity.13 Various
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strategies that are most commonly employed for weed control
are mechanical, physical, chemical, and cultural practices.
Currently, many herbicides are being used extensively to limit
the growth of weeds in important crops;14 unfortunately, they
lead to severe health and environmental issues,15 and
moreover, synthetic herbicides pose negative effects on wheat
crop. Metribuzin and isoproturon with diflufenican reduced
plant length due to the toxic effect.16 Chlorotoluron, a phenyl
urea herbicide, induced oxidative stress in wheat,17 while
isoproturon caused a significant decrease in chlorophyll
content and ultimately reduced the shoot length and dry
weight of the wheat plants.18

There is now a need to try bio-herbicides as alternatives to
synthetic herbicides for weed management. Therefore, plant
products are gaining the interest of investigators due to their
safe and eco-friendly nature. Over the last few decades, the
trend to comprehend the trend of allelopathy has been
receiving more interest among researchers. Allelochemicals are
usually secondary metabolites19,20 and are released in the
environment by various parts (leaves, flowers, roots, seeds, and
stems), by decomposition, or by leaching from plant residues,
mainly terpenoids, cyanides, phenolics, and fatty acids.21 These
phytochemicals alter the biochemical responses, and as a result,
the physiological process undergoes modification. The mode of
action of these allelochemicals is similar to commercial
herbicides, so are considered bio-herbicides.22 Morphological
and anatomical changes are a result of the modification in the
physiological processes of the victim plant. These changes can
result in hormonal imbalance, enzyme activity, protein
synthesis, photosynthesis, and respiration through allelochem-
icals.23

Various studies have been reported on the allelopathic effect
on wheat. Nasira et al.24 calculated that the powder of Fumaria
indica and Asphodelus tenuifolius reduced the plant height shoot
fresh and dry weight of the wheat plant. Muhammad and
Majeed25 studied that sunflower allelopathic extracts inhibited
the growth of wheat at an early stage. Hameed et al.26 studied
the morphological and physiological inhibition responses of
wheat varieties against the leaf extract of Alstonia scholaris (L.).
Trianthema portulacastrum is a summer weed and is known for
its allelopathic effects, most probably due to its numerous
active compounds such as phenols, terpenoids, alkaloids,
caffeic acid, vanillic acid, trans-cinnamic acid, ferulic acid, o-
coumaric acid, pyrogallic acid, and protocatechuic acid.27

Recently, we have reported that T. portulacastrum suppressed
the growth of Convolvulus arvensis L. and A. tenuifolius which
are drastic weeds primarily found in wheat crop. T.
portulacastrum extracts are known to be effective against
weeds in wheat,19,28 but their inhibitory or stimulatory effects
on wheat were still unknown. The objective of the current
study was to explore the allelopathic impact of T.
portulacastrum compared to the synthetic herbicide (Metafin
Super) on the growth of wheat (crop) to assess its use as a bio-
herbicide on wheat crop weeds.

2. MATERIALS AND METHODS
The experiment was accomplished to estimate the allelopathic
influence of T. portulacastrum on the various growth
parameters of wheat.
2.1. Collection of Allelopathic Plants and Formation

of an Aqueous Extract. T. portulacastrum plants were
collected from the cotton fields of Layyah (30.9693°N,
70.9428°E) in July 2017 (Figure 1). Whole plants were

washed thoroughly with distilled water and dried under shade.
After the separation of roots and shoots, these dried samples
were ground with the help of a grinder into a fine powder
separately and were kept in clean and sealed glass containers at
room temperature till their use for study. The aqueous extract
was prepared by soaking 10 g of powder of each part of T.
portulacastrum separately in 100 mL Of distilled water (10%
w/v) for 24 h at room temperature. Each part extract was
filtered by Whatman no. 1 filter paper and considered 100%.
The extract-filtered solutions were used to give final
concentrations of 30 and 60% of each part.
2.2. Experimental Design. A pot experiment was carried

out at the botanical garden of the Islamia University of
Bahawalpur, Punjab, Pakistan (29.3783°N and 71.7647°E).
The seeds of Triticum aestivum (cultivar Sahar-2006) were
purchased from an agricultural crop shop. The pot experiment
was carried out in a completely randomized design with three
replicates. 15 healthy wheat seeds were sown in each pot
(having 25 cm height and 10.5 cm width with 5 kg of garden
soil capacity) during December 2017 and then repeated during
2018 after imbibition of seeds in cold water for 24 h. The soil
used in the pots was analyzed with physicochemical character-
istics such as pH (8.1) by a pH meter, electrical conductivity
(1.97 ds/m) by an EC meter, and available K (113 ppm), P (6
ppm), and organic matter (0.51%) along with texture (Sandy
loam) according to Handbook no. 60.29 The pots were
regularly irrigated with tap water to maintain the moisture
content of the soil. After the germination had been completed,
10 healthy seedlings were left in each pot. The pots were
arranged into eight groups with three replication and labeled
T1, T2, T3, T4, T5, T6, T7, and T8 (Figure 2). Distilled water
to the T1 group, 30% of 10 mL root extract to the T2 group,
60% of 10 mL root extract to the T3 group, 100% of 10 mL
root extract to T4, 30% of 10 mL shoot extract to the T5
group, 60% of 10 mL shoot extract to the T6 group, 100% of
10 mL shoot extract to the T7 group, and 10 mL of herbicides

Figure 1. T. portulacastrum L. weed used in root and shoot extract
treatments.

Figure 2. Pot experiment of root and shoot water extract treatment of
T. portulacastrum and herbicide on the wheat.
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(metsulfuron 14.3% + tribenuron methyl 14.3%) to the T8
group were applied through the soil. Each treatment has three
replicates, and each replicate has 10 crop plants in the pot.
After 2 months of sowing seeds in pots, 10 mL of aqueous
extracts of each level of T. portulacastrum and herbicide
solution were applied two times with a 1 week gap to the
respective pot’s soil.
2.2.1. Assessments. This data was collected after 30 days of

the application of the allelopathic and herbicide treatments to
study the shoot length (cm), root length (cm), leaf area (cm2),
shoot dry weight (g/plant), root dry weight (g/plant), and a
number of seeds per plant.

The following physicochemical characteristics were studied
from the wheat samples:
2.2.1.1. Chlorophyll Estimation (mg/g). Chlorophyll a and

b levels in wheat were estimated by Arnon’s method.30 The leaf
samples from each treatment were soaked in an acetone
solution. Pigment absorbance was computed at 645 and 663
nm wavelengths by using an ELISA plate.

a

V W

Chl. (mg/g f. wt)

(12.7 A 663 2.69 A 645) /1000 )= × × × ×

b

V W

Chl. (mg/g f. wt)

(22.9 A 645 4.68 A 663 /1000 )= × × × ×

2.2.1.2. Proline Determination (mg/g). The proline
amount was recorded.31 Fresh leaf samples (0.5 g) were
disrupted in 10 cm3 of 3% sulfosalicylic acid. After filtration of
the homogenous mixtures of each sample was mixed with an
acidic ninhydrin solution, phosphoric acid, and acetic acid.
Then, toluene with chromophore was heated, and the
absorbance was noted at 520 nm.
2.2.1.3. Determination of Catalase (U/mg). The catalase

activity was recorded as the consumption level of H2O2 by the
enzyme and converted into H2O and O2 by the method of
Chance and Maehly.32 The absorbance was measured at 240
nm on an ELISA plate every 20 s.
2.2.1.4. Determination of K Ions and Total Free Amino

Acids (mg/g d.wt). The content of potassium ions was
calculated by a flame photometer (Jenway, PFP-7) according
to Kacar.33 The potassium ion values with a flame photometer
were determined by comparison with standard curves, while
total free amino acids (TFA) in the tested sample were
determined by Hamilton and Van Slyke.34 The optical density
of the sample solution was recorded at 570 nm by a
spectrophotometer.

For the anatomical study, wheat stem and leaf samples were
prepared by killing and fixing in F.A.A. (10 mL of formalin, 5
mL of acetic acid, and 35 mL of ethyl alcohol 95%). Freehand
sectioning slides of various parts of wheat specimens were
prepared, double-stained dehydration with safranin and fast
green, cleaned in xylene, and mounted in Canada balsam and
studied various cells and tissues of stems and leaves. The
prepared slides were analyzed microscopically, and measure-
ments were taken with an ocular micrometer. Photomicrog-
raphy with a digital camera equipped with a Nikon
stereomicroscope (Nikon 104, Japan) was taken. Different
anatomical parameters of stems (epidermal thickness, cortex
thickness, metaxylem cell area, phloem thickness, vascular
bundle area, and pith area) and leaves (upper epidermal

thickness, lamina thickness, phloem thickness, adaxial stomatal
density, and abaxial stomatal density) were studied.
2.3. Statistical Analysis. The analysis of variance

(ANOVA) and LSD test were applied by using the software
“Statistix version 8.1”. Pearson’s correlation was calculated by
“Microsoft Excel” and “Statistix version 8.1” between the
morphology, physiology, and anatomy of wheat.

3. RESULTS
3.1. Morphological Characteristics. The results (Figures

3 and 4) illustrated different responses in various morpho-

logical characteristics of wheat with increasing allelopathic
levels of root and shoot extracts of T. portulacastrum. Most of
the growth parameters showed a declining pattern. However,
the shoot length was reduced in the extract compared to
control, and the shoot dry weight showed a slight increase at
the diluted root and shoot extracts, while the root length only
increased at the diluted level of the root extract. However,
herbicide treatment caused more decline than the root and
shoot extracts in all morphological characteristics of wheat.
3.2. Physiological Characteristics. The chlorophyll a and

b levels of wheat were constantly and gradually decreased with
increasing root and shoot extract levels. However, the
chlorophyll level increased somewhat at 30% root extract of
T. portulacastrum, and the chlorophyll b content increased at
30% of shoot extract. The maximum decline was recorded in
both pigments at herbicide treatment. The catalase (CAT)
activity of T. aestivum increased in all levels of root and shoot
extracts (Table 1).

The application of both extracts of T. portulacastrum
illustrated a non-significant increase in the proline level of
wheat. A gradual increasing trend was observed in the proline
level with increasing levels of both extracts. The highest value
of proline was recorded at herbicide treatment (Table 1). The
gradual increasing trend in the TFA level was calculated with
increasing root extract and shoot extract levels. Meanwhile,
herbicide treatment also caused a significant increase in this
parameter (Table 1).
3.3. Anatomical Characteristics. 3.3.1. Stem Anatomy.

The results in Table 1 show that the epidermis thickness and
cortical thickness of wheat increased significantly at all
treatments of root and shoot extracts of T. portulacastrum as

Figure 3. Effect of root and shoot water extracts of T. portulacastrum
and herbicide on the morphological parameters of wheat (T1 =
distilled water; T2 = 30% root extract; T3 = 60% root extract; T4 =
100% root extract; T5 = 30% shoot extract; T6 = 60% shoot extract;
T7 = 100% shoot extract; and T8 = herbicide treatment).
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compared to the control. However, at 30% root water extract
treatment, the epidermis thickness decreased considerably,

while 60% root extract did not cause any change in epidermal
thickness. The epidermis thickness and cortical thickness were

Figure 4. Effect of root and shoot water extracts of T. portulacastrum and herbicide on the morphological parameters of wheat (T1 = distilled water;
T2 = 30% root extract; T3 = 60% root extract; T4 = 100% root extract; T5 = 30% shoot extract; T6 = 60% shoot extract; T7 = 100% shoot extract;
and T8 = herbicide treatment).

Table 1. Effect of Root and Shoot Water Extracts of T. portulacastrum and Herbicide on the Physiological Characteristics of
Wheata

treatment groups T1 T2 T3 T4 T5 T6 T7 T8 LSD CV GM F value

Physiology
chl. a (mg/g) 1.5 a 1.55 a 1.25 bc 1.21 bc 1.45 ab 1.2 bc 1.1 c 1.1 c 0.27 12.34 1.28 3.9*
chl. b (mg/g) 1.1 a 1.1 a 0.93 b 0.88 bc 1.2 a 0.95 b 0.85 bc 0.82 c 0.11 6.49 0.98 14.1***
CAT (U/mg) 18 g 26 ab 27 a 24 cd 22 e 20 f 23 de 25 bc 1.06 2.64 23.12 74.4***
proline (mg/g) 0.1 c 0.13 c 0.16 bc 0.2 abc 0.18 abc 0.22 abc 0.26 ab 0.29 a 0.13 38.97 0.19 2.3NS

TFA (mg/g) 4 e 5 d 5 d 7 b 6 c 7.6 ab 8.2 a 7.2 b 0.74 6.88 6.25 35.5***
K ions (mg/g) 14 g 21 f 28 d 28 d 25 e 34 b 30 c 35 a 0.63 1.35 26.87 1087***

Stem
ET (μm) 0.3 a 0.2 b 0.3 a 0.32 a 0.31 a 0.34 a 0.36 a 0.37 a 0.092 16.96 0.313 2.94*
CT (μm) 1 d 1.2 cd 1.5 bc 1.6 abc 1 d 1.3 cd 1.9 ab 2 a 0.490 19.68 1.44 5.46**
PT (μm) 1 ab 0.7 b 0.8 ab 1.2 a 0.8 ab 0.8 ab 0.9 ab 1.1 ab 0.424 26.84 0.912 1.49NS

MXCA (μm2) 0.9 a 0.9 a 0.5 b 0.4 bc 0.8 a 0.3 cd 0.3 cd 0.2 d 0.169 18.17 0.537 26.0***
VBA (μm2) 8 bc 8 bc 7 c 7 c 9 b 9 b 11 a 12 a 1.010 6.58 8.87 28.7***
PiA (μm2) 12 c 13 b 13 b 15 a 10 d 9 e 7 f 5 g 0.994 5.47 10.50 104***

Leaf
UET (μm) 0.4 cd 0.37 cd 0.44 bcd 0.51 ab 0.42 cd 0.47 abc 0.54 a 0.55 a 0.088 10.95 0.462 5.14**
LT (μm) 6 ab 5.7 ab 6.5 a 6.5 a 5.8 ab 5.5 b 5.5 b 5.6 b 0.803 7.88 5.89 2.37NS

MXCA (μm2) 0.4 a 0.37 ab 0.35 ab 0.35 ab 0.2 c 0.26 bc 0.34 ab 0.34 ab 0.138 24.52 0.326 1.95NS

AdSD 75 a 50 g 58 e 65 c 48 h 55 f 63 d 70 b 1.210 1.160 60.50 552***
AbSD 90 d 90 d 80 e 60 g 95 c 100 b 105 a 75 f 1.180 0.790 86.97 1372***

aT1 = distilled water; T2 = 30% root extract; T3 = 60% root extract; T4 = 100% root extract; T5 = 30% shoot extract; T6 = 60% shoot extract; T7
= 100% shoot extract; and T8 = herbicide treatment. The treatments exhibit dissimilar letters within rows that represent significance (p ≤ 0.05)
level.
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increased maximum at herbicide treatment (Table 1 and
Figure 5). The phloem thickness and vascular bundle area of
wheat treated with the extract of T. portulacastrum displayed a
non-significant reduction trend at all treatments. However,
root extract caused an increase in phloem thickness except for
diluted levels. Meanwhile, herbicide treatment also indicated a
slight increase in these parameters as compared to the control
(Table 1 and Figure 5). Wheat treated with shoot and root
aqueous extracts of T. portulacastrum revealed a significant
reduction in metaxylem cell area as compared to the control.
However, with herbicide treatment, the metaxylem cell area
also decreased to a maximum (Table 1 and Figure 5). The root
extract of T. portulacastrum promoted a slight and gradual
increase in the pith area with an increasing level of
concentration, while in the case of shoot water extract
application, there was a gradual reduction in pith area at
increasing levels. The maximum decline in pith area at the
herbicide was recorded (Table 1 and Figure 5).
3.3.2. Leaf Anatomy. The results displayed that there was a

slight reduction in the upper epidermal thickness, lamina
thickness, and metaxylem cell area of wheat at extract
treatments of T. portulacastrum. However, there was a slight
increase in upper epidermal thickness at concentrated root
extract and at all shoot extracts. Herbicide treatment also
exhibited a significant increase in upper epidermal thickness
and decrease in metaxylem cell area and lamina thickness
(Table 1 and Figure 6). The root water extract levels of T.

portulacastrum declined the adaxial and abaxial stomatal
density in wheat. However, 30% root extract caused no
variation in abaxial stomatal density. At shoot extract
treatments, abaxial stomatal density increased. However, slight
reduction was calculated in the adaxial and abaxial stomatal
density in the case of treatment with herbicide (Table 1 and
Figure 6).
3.4. Correlations between Morphological and Phys-

iological Characteristics. In wheat root length, shoot length
and root dry weight indicated a significant and positive
correlation with the number of leaves, leaf area, shoot dry
weight, chlorophyll a, and chlorophyll b. Meanwhile,
chlorophyll a showed a significant and positive correlation
with chlorophyll b, TFA with proline, and potassium with
proline, while root length, shoot length, root dry weight, leaf
area, number of leaves, chlorophyll a, and chlorophyll b
indicated significant and negative correlations with proline,
TFA and potassium ions. Similarly, leaf area also indicated a
significant and negative correlation with proline and potassium
ions (Table 2).

4. DISCUSSION
There are increasing weed management problems in crops due
to the application of synthetic herbicides with increased
environmental deterioration and also negative impacts on
human health.35 Among integrated weed control, allelopathy is

Figure 5. Stem anatomy of wheat by applying diverse levels of root and shoot extracts of T. portulacastrum and herbicide.
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an eco-friendly technique. Our major finding is that the
extracts of T. portulacastrum are less toxic for wheat than
synthetic herbicides. Analogous to the present results, sorghum

and sunflower extract application greatly suppressed the root
and shoot length of weeds.36 Studies were carried out by
Hamidi and Ghadiri26 to judge the influence of wild barley

Figure 6. Leaf anatomy of wheat by applying diverse levels of root and shoot extracts of T. portulacastrum and herbicide.

Table 2. Effect of Root and Shoot Water Extracts of T. portulacastrum and Herbicide on the Correlations between
Morphological and Physiological Characteristics of Wheata

aT1 = distilled water; T2 = 30% root extract; T3 = 60% root extract; T4 = 100% root extract; T5 = 30% shoot extract; T6 = 60% shoot extract; T7
= 100% shoot extract; and T8 = herbicide treatment.
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water extracts on wheat with a result of a diminution in shoot
and root length. We have observed that the shoot extract
caused more retardation in the wheat growth parameters than
the root extract, so it was more allelopathic than the root
extract but herbicide caused maximum suppression in wheat
plants. Similar results were reported by Asghar et al.,37 who
calculated that different extracts of T. portulacastrum and S.
portulacastrum repressed the shoot length significantly in
Trigonella foenum-graecum. Inhibition in shoot length in weed
species was also reported by Kandhro et al.,36 who found that
water extract powders of sorghum and sunflower are associated
with the presence of certain allelopathic compounds with
phytotoxic effects. Shoot length decline in the current study
can be attributed to amendment in nucleic acid replication,
mitochondrial metabolic process, and modification in
mitosis.38

Quite a lot of studies have perceived that several
phytochemicals are incorporated into the environment, either
as exudation from living plant parts or by the decay of the plant
material. These metabolites (terpenoids, phenolics, alkaloids,
and their derivatives) are potent inhibitors of fresh weight and
dry weight of neighboring plants,39 and this is probably the
case in our findings of reduced fresh and dry weight in wheat.
Our results are also in accordance with Ghimire et al.,40 who
reported that the allelochemicals of Miscanthus sacchariflorus
reduced the dry weight of weeds. The decrease in dry weight
with increasing concentration of extracts was also described by
Jafariehyazdi and Javidfar,41 who concluded that the decline in
the dry biomass of tested weeds may be linked to the decrease
in root and shoot length caused by allelopathic compounds
present in aqueous extracts of T. portulacastrum. The findings
of the present work are reinforced by Naeem et al.,42 who
depicted a decline in the dry weight of weed with the
application of sorghum and sunflower extracts. Application of
plant water extract from sorghum, sunflower, and mulberry
caused 88% inhibition in the total dry weight of weed plants.42

A decrease in dry weight may be linked with a reduction in
enzyme activity as a result of a decline in the biosynthesis of
materials. The above-mentioned discussion describes the
possible mechanisms of the reduced inhibitory effect of T.
portulacastrum extracts on wheat plants.

The results of our study correspond to Zohaib et al.,43 who
described that M. parviflora and C. murale aqueous extracts of
different levels posed a negative effect on a number of leaves of
barley. Ramgunde and Chaturvedi44 described a declining
trend in the leaf area of M. capitata by application of leaf
leachates of Ricinus communis and Vitex negundo. This
diminution in leaf area might be due to the inhibition potential
of allelochemicals in the biosynthesis of growth hormones like
auxins, gibberellins, and cytokinins, consequently mutilation in
metabolic processes. Hence, synthetic herbicides exhibited
more drastic effects on wheat than T. portulacastrum extracts
probably via enhanced leaf area reduction mechanisms. More
reduction in the pith area in the wheat stem at herbicide
treatment was also described by Mahakhode et al.,45 who
reported the demolition of pith cells under herbicide
application. A slight increase in epidermal thickness in wheat
stem was supported by Akram et al.,46 who reported the
increase of thickness in Capparis decidua in highly saline areas.
A decrease in metaxylem area in wheat in most of the levels of
root and shoot extracts in the present study leads to an
increase in sap conduction ability because narrow xylem vessels
provide more capillarity action for upward movement of

water.47 This increase in stomatal density in the present
research was supported by Al-maskri et al.48 and Lei et al.49

They reported a noteworthy increase in the number of stomata
in T. aestivum leaves affected by various types of stresses.
Hence, these adaptations suggest higher damage to wheat
plants under synthetic herbicide treatment. Allelochemicals
released from weeds demonstrate a decline in the growth of
crop plants by intervention in fundamental physiological
activities. Moreover, proline and other cell solutes regulate
osmotic balance under stress situations.50−52 Allelochemicals
of the root and shoot of T. portulacastrum in the present study
interacted with the various physiological characteristics of
wheat in a less damaging manner than synthetic herbicides.
Chlorophyll has an imperative role in photosynthesis and
represents a key indicator for tolerance investigation against
stress.53−58 Mabasa et al.59 described the depletion of
chlorophyll content in two species of bean under plant extract
and herbicide treatments. Water extracts of T. portulacastrum
reduced the levels of chlorophylls a and b in weed species.60

The chlorophyll pigments constantly declined in the current
research with an increase in the levels of T. portulacastrum
residues because phytochemicals negatively influence the rate
of chlorophyll synthesis and less availability of water and
minerals. Hence, the lesser reduction of pigments in wheat
under T. portulacastrum extracts is likely due to the above-
mentioned mechanisms.

Allelochemicals of T. portulacastrum root and shoot had
mostly promoted the catalase enzyme and TFA in wheat plants
compared to synthetic herbicides in the present work (Table
1). El-Shora61 calculated such kind of enhancement activity in
chickpea after treatment with the root extract of Rumex
dentatus. A plant’s oxidative stress may be compensated with
the regulation of antioxidants including catalase and perox-
idase.62−64 Catalase serves as the prime defense in the
detoxification of hydrogen peroxide.65−68 Analogous to our
work, synthetic herbicides enhanced the catalase level in cereal
leaves.68 Plants regulate the activity of antioxidant enzymes like
catalase at higher levels of stress to degrade ROS (reactive
oxygen species) due to stop oxidative stress.69−71 A high level
of free amino acids under T. portulacastrum extract is presumed
to be the elevating protein content which is due to a high
decline in the protease activity during stress that is very
significant for the hydrolysis of reserve proteins.72 Analogous
to our work, Maqbool et al.73 described an enhanced amount
of free amino acids in corn plants under biotic stress. Thus, we
consider that the enhanced catalase enzyme activity and TFA
content in wheat plants under T. portulacastrum extracts,
compared to the synthetic herbicide, are most likely reasons for
less inhibitory effect in wheat.

5. CONCLUSIONS
A minimum significant decline was observed in chlorophyll
contents, leaf area, plant height, and dry weight of wheat under
the treatment of extracts of T. portulacastrum compared to the
synthetic herbicide treatment, which confirms that it is
relatively safer to be used as a bio-pesticide. The changes in
anatomical parameters in wheat plants under herbicide
treatment suggest higher damage compared to T. portulacas-
trum extracts. However, diluted concentrations of allelopathic
extract of T. portulacastrum may act as a growth promoter, and
high concentrations suppress the growth of the root, stem, and
leaves. Enhanced catalase activity and TFA content in wheat
plants under T. portulacastrum extracts, compared to the

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c03238
ACS Omega 2023, 8, 35874−35883

35880

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c03238?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


synthetic herbicide, are most likely reasons for less inhibitory

effects in wheat. Finally, the use of T. portulacastrum extracts

would be safer than synthetic herbicides for wheat plants and

would be beneficial to control weeds in a wheat field.
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