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Abstract

The cultivation of wheat (Triticum aestivum L.) within the specific agro-climatic
zone of Dera Ismail Khan is frequently disrupted and delayed due to prevailing
sugarcane and cotton cropping sequences. Late sowing and early crop establish-
ment are big problems faced by farmers, and natural allelopathy is being explored
as a potential solution to this problem to find a viable alternative to the use of com-
mercial synthetic plant growth regulators. Therefore, an independent investigation
was designed at Gomal University in the 2025 growing season to assess the bioac-
tive effects of various aqueous extracts of plants on initial growth stages of wheat.
The experiment was designed as a Completely Randomized Design (CRD) with 9
different treatments, namely, untreated control (T1), Bitter Apple (T2), Lasoda
(T3), Parthenium (T4), Garlic (TS5), Peelu (T6), Conocarpus (T7), Moringa (T8),
and Algal Water (T9). These observation parameters were found critical: chrono-
logical daily counts for the initial germination, total germination percentage, ger-
mination energy, early seedling vegetative indices at 15 and 30 days after sowing
(DAS) such as Coleoptile Length, Root Length, Shoot Length, total Plant Height,
seedling Fresh Weight, structural Dry Weight, and Root-to-Shoot Ratio. The sta-
tistical treatment of experimental data showed that there was a significant differ-
ence among all the treatments. The empirical results showed that Moringa leaf ex-
tract and the Algal Water solution are outstanding biostimulants with significant
abilities to stimulate initial sprout velocity and increase seedling vigor. In contrast,
aqueous extracts from Parthenium, Conocarpus and Garlic had strong phytotoxic
and allelopathic effects as they significantly affected the emergence of the seeds
and reduced early vegetative growth and thereby the uniformity of the emerging
wheat stand. From these clear findings, the present study concludes that 10 per cent
aqueous application of Moringa leaf extract is a very good organic primer that can
enhance crop stand establishment under late-sown conditions. In addition, invasive
Conocarpus and Parthenium species, being present in close proximity to agrarian
fields, need to be carefully managed to avoid the potential for volatile allelochem-
ical interactions with growing wheat.
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1. Introduction
1.1 Overview

Wheat is a worldwide cereal crop that holds a significant and vital role in the economy of both developed and
developing nations. Wheat (Triticum aestivum L.) is one of the most important staple cereal crops worldwide, not
only as a staple food grain of human populations but also as an important raw material for livestock feed formula-
tions and various manufacturing industries. Wheat is one of the most important agricultural commodities globally
along with rice and maize. The grain contains about 12 percent total protein and has a nutritive value of essential
vitamins and dietary minerals. In addition to the grain itself, wheat straw may have multiple applications, including
use as a structural material, a valuable source of organic manure, and a reliable source of dry forage for domestic
livestock in agricultural areas.

1.2 Historical Context and Food Security

Wheat was domesticated more than 10,000 years ago in Turkey, in the Karacadag Mountains of today. It has been
identified by archaeological evidence as being cultivated and distributed in historical core areas in Iraq, Egypt, and
throughout the Indian subcontinent. National food security heavily relies on regular domestic wheat production in
the current agricultural scenario of Pakistan. The crop accounts for 25% to 90% of the country’s total food grain
production and meets the basic caloric and nutritional needs of the country’s citizens. The major production chal-
lenges are closely associated with delayed sowing; it plays a major economic and nutritional role, ensuring wheat
production stability among the different agro-climatic regions of Dera Ismail Khan (Khyber Pakhtunkhwa), Punjab,
and Sindh, and poses a huge operational difficulty. A key constraint in these areas is the postponement in wheat
seeding due to the anticipated delay. The reason for this seasonal delay is directly related to the longer harvesting
periods of the major summer (Kharif) crops such as cotton and sugarcane. Wheat is therefore often grown in less-
than-ideal late-season conditions with falling temperatures. As a result of these low temperatures, systematic poor
emergence of seeds and slow germination speed, as well as severely retarded early vegetative growth, are experi-
enced.

1.3 The Allelopathic Phenomenon

Wheat is also frequently exposed to compounded actions of thermal stress, as well as to complex biochemical in-
teractions related to adjacent vegetation and invasive weed species. This phenomenon is referred to as allelopathy,
which involves the production and release of secondary metabolites into the rhizosphere and surrounding environ-
ment. These biochemical releases, which may be hastened or modified by changes in climatic conditions, have
significant effects on the growth, development, and survival of neighbouring vegetation [1]. The allelopathic effects
are twofold, either stimulatory (beneficial) or inhibitory (toxic), depending on the concentration and source of alle-
lopathic extracts. For instance, autotoxicity has been reported in some cultivars of Australian wheat [2]. The loss of
rice yield due to weed infestation and chemical interference in China is estimated to be approximately 9.0 million
metric tons a year [3]. Such a competitive weed situation can lead to significant loss of crop yield of more than 50
percent of the production potential [4, 5]. It is observed that 1.5% of agroforestry operations and weed infestations
are present in local Farming Systems. In the traditional agroforestry systems of Pakistan, multi-purpose tree species
(Morton, MPTS) like Conocarpus lancifolius, Cordia myxa (also called Lasoda by local people), and Moringa oleif-
era are systematically planted with or near the wheat field. The water-soluble phytochemicals emitted by these trees
may be able to travel to the crop root zones and change stand establishment. As is also the case with aggressive
weeds such as Parthenium hysterophorus and wild desert plants such as Bitter Apple (Kurtuma), their effects on
sprouting wheat seeds are well recognised, with the potential to be quite strong.

1.4 Purpose and Research Plan

The allelopathic interactions are complex and crucial for developing strategies to stabilize seed germination under
combined environmental stress conditions. Although most historical agronomic research focuses on grain yield at
maturity, the first 15 to 30 days of a seedling’s life are when establishing a healthy, uniform, and resilient plant
population is most critical. Therefore, the search for natural and environmentally friendly phytosolutions that can
be used as organic biostimulants is a sustainable alternative that doesn’t rely on synthetic, expensive, and dangerous
plant growth regulators.

1.4.1 Objectives
1. To determine the allelopathic impact of different plant solutions on wheat germination dynamics and early growth
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indicators.
2. To classify various plant extracts as either inhibitors or stimulators based on their effect on initial seedling vigor.

2. Material and Methods
2.1 Experimental Site and Environmental Conditions

The laboratory experiment was carried out in the Postgraduate Laboratory, Department of Agronomy, Faculty of
Agriculture, Gomal University, Dera Ismail Khan, Pakistan (Lat: 31.81 N, long: 70.85 E). The controlled in vitro
study was conducted in a regulated (25 + 2 °C) room. The relative humidity was monitored and maintained at 55-
60% inside the facility throughout the experimental period in 2025. The base water source used for extraction was
also baseline hydrated (standard laboratory tap water with pH of 7.2, and EC of 0.45 dS/m), thereby minimizing
potential salinity-related interference. The growing units were plastic glasses of uniform size, each containing 500
g of the same soil, which was homogenized.

2.2 Experimental Design and Treatments

The experimental design used in this research was a Completely Randomized Design (CRD) with 5 structural rep-
lications per treatment. Nine different treatments were tested to assess the comparative biostimulatory or allelopathic
inhibitory effects of different botanical aqueous extracts on wheat germination and early growth of seedlings. The
experimental treatment layout was thus determined: T1-T9 treatments were compared, and (T1) was the control
using distilled water. The additional treatments were C. colosynthis (T2), C. myxa (T3), invasive weed P. hyster-
ophorus (T4) extracts, and additional plant-based extracts of A. sativum (T5), S. persica (T6), C. lancifolius (T7),
and M. oleifera (T8). The last treatment (T9) was a water solution created through algae.

2.3 Preparation of Phyto-solutions

2.3.1 Bitter Apple & Algal Water

The Bitter Apple fruits were picked from the wild fruits in the region of Paniyala in Dera Ismail Khan. 1.5 liters of
fresh tissue from the Bitter Apple fruit was boiled in 4 liters of water for 20 minutes, and the water was thermally
reduced to 1.5 liters or concentrated stock solution. In the Algal Water treatment, biological samples were taken
directly from a local seepage interceptor drainage channel which runs close to the campus of Gomal University.
The algal matrix collected was concentrated into a stock solution, and then a 10 percent working solution was
prepared by diluting 10 mL of the concentrated algal stock solution to 990 mL of distilled water.

2.3.2 Botanical Extracts

Fresh vegetative tissues (Leaves of Lasoda (Cordia myxa), Parthenium (Parthenium hysterophorus), Peelu (Salva-
dora oleoides), Conocarpus (Conocarpus erectus), Moringa (Moringa oleifera), and Fresh bulbs of Garlic (Allium
sativum) were collected in bulk. Each botanical source was thoroughly cleaned, dried under uniform shade condi-
tions (maintaining thermolabile compounds), and pulverized into a fine, homogeneous powder in an electric labor-
atory blender (Model Westpoint WF 7101). The basic stock solution was prepared by dissolving 200 g of processed
botanical powder in 1,000 mL of distilled water. This concentrated mixture was then filtered, and 10 mL of the
stock solution was diluted with 990 mL of distilled water before being used as the uniform 10 per cent aqueous
working solution in all experimental units.

2.4 Data Collection and Instrumentation

Morphological and growth-related traits were evaluated using standardized laboratory procedures and calibrated
measuring instruments for the wheat seeds and emerging seedlings at specific times. (Note: The exact measurement
procedures, standard model numbers, and calculation formulas for these parameters are described below).

(1) Germination Count
The sprouted seeds were counted by hand daily from Day 4 to Day 7 in the laboratory incubator. Germination was
deemed to have occurred when the radicle (first root) had grown through the seed coat at least 2 mm.

(2) Germination Energy (%)
Germination energy is an indicator of the rate and vigor of early germination. The calculation was performed on
Day 4 (when the most germination activity has been observed), with the following formula:
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Seeds germinated after 4 days

Germination Energy (in %) = x 100

Total number of seeds planted

(3) Germination (%)
On Day 7, the sprouting process was at a stable maximum, and the final germination percentage was recorded. It
was computed with the standard formula:

. . Germinated seeds after day 7
Germination (%) = Y~ x 100

Number of planted seeds

(4) Coleoptile Length (cm)

Coleoptile length, i.e., the temporary protective sheath around the emerging shoot, was measured 15 days after
sowing (DAS). 5 seedlings were randomly selected from each treatment, and the length of the coleoptile sheath
from seed base to tip was measured with a Digital Vernier Caliper (Model: Mitutoyo 500-196-30, Japan).

(5) Root Length (cm)

The seedlings were carefully removed from the growth media at 15 DAS and 30 DAS and gently washed under tap
water to remove any debris.

Root length was measured from the root—shoot junction to the tip of the longest primary root.

(6) Shoot Length (cm)

The seedlings were carefully removed from the growth media at 15 DAS and 30 DAS and gently washed under tap
water to remove any debris. From the root-shoot junction to the tip of the longest leaf. The measurements were
taken manually with a standard Graduated Engineering Stainless Steel Ruler (0-30 cm).

(7) Plant Height (cm)

The total height of the plant was measured at 15 DAS and 30 DAS. The total vertical development of the vegetative
structure from the base of the stem at the soil level to the highest extended tip of the leaf foliage was measured with
a standard Graduated Measuring Ruler.

(8) Fresh Weight of Seedlings (g)

When sampling wheat seedlings at 15 DAS and 30 DAS, surface moisture was removed from seedlings with tissue
paper. The fresh biomass (roots and shoots) was weighed immediately to avoid water evaporation. The instrument
used: Sartorius Entris I, model: BCE224-1S, Germany, measured precision Digital Analytical Laboratory Balance,
accuracy of 0.0001 g.

(9) The Dry Weight of Seedlings (in grams)

The fresh weights were recorded, and the seedling samples were then packed in the perforated paper bags and dried
in a Forced Convection Laboratory Oven (Model: Memmert UF110, Germany) at 70 °C for a period of 48 hours
until a moisture-free weight was reached. The dry weight of the samples was also measured on the same Sartorius
Analytical Balance.

(10) Root/Shoot Ratio
At the end of the experiment, the ratios of root to shoot mass were calculated mathematically based on the dry mass
values of the root and shoot organs, to gain insight into the structural growth strategy of the wheat crop:

dry weight of roots (g)

Root Shoot ratio = x 100

dry weight of shoots (g)

2.5 Statistical Analysis

Experimental data were analyzed using analysis of variance (ANOVA) using the Statistix software together with
computational programs in the R programming environment. The Least Significant Difference (LSD) test was used
at P <0.05 to determine and isolate significant differences among the treatment means. Statistical analyses followed
the procedures described by [6].

3. Results and Discussion
3.1 Germination Count

The germination count per plant was also recorded for 4, 5, 6, and 7 days after sowing and showed highly significant
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differences among the various phytosolutions (Figure 1). The seeds treated with Algal Water (T9) showed the max-
imum mean emergence count of 10.3 with the fastest emergence as compared to other treatments, followed by Peelu
(T6) with 8.3, and Moringa (T8) with 8.0. On the other hand, the moderate emergence counts of 7.0 were for both
the Lasoda (T3) treatment and the untreated control (T1). This initial level of pary indicates that these particular
solutions did not accelerate or delay the initial speed of sprout growth of the wheat seeds. It is interesting in this
regard that the application of Parthenium (T4) produced a slightly higher number (7.3) of plants than the control;
this suggests that the usual allelopathic inhibition exerted by Parthenium was not very strong at this particular early
concentration and time of observation. The lowest emergence rate was recorded in the Garlic (T5) treatment, closely
followed by Bitter Apple (T2) and Conocarpus (T7) with emergence rates of 6.8. These biological differences indi-
cate that Algal water and Moringa stimulate germination early, which may be associated with enhanced metabolic
activity during germination, while Garlic and Conocarpus have temporary suppressive pressures that delay the phys-
ical onset of the germination process. The results are in line with those of [7], which indicated that Algal Water with
its high essential nutrient profile resulted in improved mungbean germination performance, and nitrogen compounds
may be biologically fixed.

Treatments
mmm Control
s Bitter apple
10 Pp!

= |asoda

=== Parthenium
m Peelu
Day 4 Day 5 Day 6 Day 7

msm Conocarpus
=== Moringa
mam Algal Water
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~
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Figure 1. Impact of different phytosolutions on daywise germination of wheat.
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Figure 2. Impact of different phytosolutions on germination energy of wheat.
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Germination energy reflects the proportion of seeds that germinate rapidly during the early stages of the germi-
nation process. The results in Figure 2 show that there was no statistically significant difference in the means of the
treatments, suggesting that the treatment differences did not significantly change the overall germination energy of
the wheat seedlings. Although there was no significant difference between the treatments, the maximum germina-
tion energy was obtained in T9 (Algal water) (12.79) and the minimum in T3 (Lasoda) (9.22) numerically and
visually. The extracts of Lasoda, Garlic, and Conocarpus appeared least sensitive in wheat, with no statistically
noticeable difference in the seed vigor. This is partly in contrast to the results from [8], which showed that extracts
of Conocarpus have a unique inhibitory effect on the germination parameters of maize. The opposite could be de-
scribed as the descriptively superior position of the Algal water treatment in this parameter, with a minor stimulatory
tendency that can be explained by the bioavailable nutrients as well as initial biological nitrogen fixation mecha-
nisms that were added to the surrounding water treatment medium by the algal solution.

3.3 Germination (%)

The first sprouting stage of a plant’s life cycle is called its germination stage. Seeds naturally have stored nutrient
reserves to help emerging seedlings, but complex biochemical reactions important for early development may be
limited due to allelochemical compounds released from plants in the surrounding area or added through exogenous
plant extracts (phytosolutions). Thus, the germination percentage is an important factor in the determination of crop
productivity. The experimental results reported in Figure 3, showed that the germination of the wheat seeds was
significantly affected by the application of various phytosolutions. The germination rate of the seeds that were
treated with Algal water was the highest, with 89.58% in comparison to the other treatments, which showed the
lowest germination rate of 64.57% for seeds treated with Lasoda extract. The difference between the remaining
treatments was not significant, with Bitter apple treatment at 79.17%, Control at 77.07%, and Moringa leaf extract
at 74.99%. The evaluated phytosolutions had different properties, with the extracts from Algal water, Bitter apple,
and Moringa being germination stimulators, and the solutions exhibited lower germination performance. These re-
sults are in line with those reported by [9], who demonstrated that Moringa leaf extracts were effective germination
regulators, while Conocarpus and Lasoda were different inhibitors because they release phytotoxic allelochemicals,
which affect the physiology of the seeds. On the other hand, the ability of the Algal water solution to shorten the
germination process and boost final percentages is due to the presence of large amounts of essential minerals and
easily bioavailable nitrogen elements derived from bio-logical nitrogen fixation and endogenous growth-promoting
molecules.
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Figure 3. Impact of different phytosolutions on germination (%) of wheat.

3.4 Coleoptile Length (cm)

The wheat coleoptile length at 15 days after sowing was significantly (P < 0.05) affected by application of various
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phytosolutions (Figure 4) Treatments T1 (control), T8 (moringa), T9 (algal water) and T2 (bitter apple) had the
longest coleoptile length of 3.00 cm which was not statistically different from each other, and was also not inhibited
by the other treatments during early sheath development. In contrast, intermediate growth lengths for Lasoda (T3)
were 2.81 cm, Peelu (T6) was 2.35 cm, and Conocarpus (T7) was 1.86 cm. The growth length of Lasoda and Peelu
remained relatively stable, while Conocarpus showed intermediate inhibition relative to the control treatment. The
Garlic (T5) and Parthenium (T4) treatments, respectively, showed the lowest growth suppression with 1.43 cm and
1.56 cm coleoptiles produced. Such treatments resulted in a reduction of about 50% relative to the control and were
given to group “c,” suggesting a potential inhibitory effect on early coleoptile development in early coleoptile. This
negative morphological effect is consistent with the findings of [10, 11], who reported that coleoptile growth re-
tarded after treatment with Conocarpus and Parthenium extracts, respectively. Over a one-month duration, the sus-
tained suppression and further reduction in coleoptile development under Lasoda, Parthenium, and Peelu applica-
tions are likely driven by the progressive release and metabolic absorption of these inhibitory allelochemicals. These
dynamics remain crucial for early crop establishment, as prior literature confirms that seedlings possessing extended
coleoptiles demonstrate accelerated germination, enhanced vegetative vigor, and superior weed competitive abilities
that ultimately favor optimized maturity timelines.
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Figure 4. Impact of different phytosolutions on Coleoptile Length (cm) of wheat.
3.5 Root Length (¢cm)

The effects of different phytosolutions on the growth of wheat roots are shown in Figure 5. The maximum root
length was observed in the untreated control (T1) at 7.47 cm and in the Moringa treatment (T8) at 6.94 cm, but no
statistically significant difference was observed between the remaining treatment means at 15-day intervals. This
same trend continued after 30 days of growth, with the treatment without chemicals (T1) and Moringa (T8) contin-
uing to be descriptively superior to all other treatments with root lengths of 13.70 cm and 13.09 cm. The positive
changes in root length observed during the 15-day periods were clearly reflected in the progressive changes recorded,
confirming positive root elongation and active root kinetics with time. The results here are similar to those of [12],
who also found that the root length of maize was significantly reduced by aqueous extracts of eucalyptus, neem and
poplar, caused by the release of phytotoxic allelochemicals. In the same way, [13] reported that several extracts of
plants had a definite inhibitory effect on the growth of maize plants in the radical stage. The non-significant differ-
ences noted among the treatments in this study could be due to the use of a single uniform wheat cultivar. However,
minor visual differences between the experimental units are probably related to the different physiological effects of
the various phytosolutions used. The findings of [14] agree with this, showing that allelochemicals found in some
plant tissues directly interact with root architecture, cellular mitosis, and elongation areas in cereal crops.
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Figure 5. Impact of different phytosolutions on root length (cm) of wheat.
3.6 Shoot Length (cm)

The various shoot elongation responses of wheat to the various phytosolutions are recorded in Figure 6. The maxi-
mum shoot lengths were observed in the untreated Control (T1) of 4.23 cm and the Moringa treatment (T8) of 3.81
cm, which showed significant differences from the other experimental treatments at 15 DAS. There was no signifi-
cant difference between any of the other treatments at this first sampling. At the one-month evaluation period,
however, the Control (T1) and Lasoda (T3) treatments were found to be descriptively superior with maximum values
of 15.91 cm and 15.53 cm, respectively, and the other treatments had statistically distinct differences from each
other. Shoot length was significantly affected by treatment application as confirmed by statistical evaluation. The
rate of growth over the period of the observation indicated a gradual and steady increase in shoot growth with time.
Notably, extracts of Conocarpus, Parthenium and Lasoda exhibited early inhibitory tendencies, limiting shoot ex-
tension compared to the more compatible phytosolutions. The stimulatory response for wheat shoot length observed
later after the application of Lasoda agrees with [15], who reported a stimulatory response of wheat shoot length at
the vegetative tillering phase after foliar application of Lasoda extracts. On the other hand, the early inhibitory
effects of some treatments may be due to allelochemical effects. The active ingredients interfere with key physio-
logical processes such as cell division, carbon distribution, enzyme activation, mineral nutrient uptake, and overall
photosynthetic ability, temporarily slowing early growth of plants in the shoot.
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Figure 6. Impact of different phytosolutions on shoot length (cm) of wheat.
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3.7 Plant Height (cm)

The results obtained from the experimental results presented in Figure 7, show the application of phytosolutions had
a significant effect on plant height at 15 days after sowing (DAS), while the treatment variations were statistically
non-significant at 28 DAS. The highest values were obtained in the untreated Control (T1) at 11.20 cm and in the
Moringa treatment (T8) at 11.17 cm, with no significant difference among the other treatments at the start at 15
days. At the 1-month evaluation period, however, the Control (T1) and Bitter Apple (T2) treatments performed
descriptively better than the other experimental treatments and did not differ significantly from each other (P > 0.05).
The mean growth differences between the 15-day periods of the observations showed that T1 and T2 always resulted
in taller plants, suggesting that there is a time progression between them. Strong vegetative growth usually manifests
itself as a progressive increase in plant height either as a result of the availability of essential nutrients or endogenous
plant growth regulators. The observed higher initial height under the Control and Moringa (T8) treatments is com-
parable to the results, which showed the maximum height of wheat plants after Moringa leaf extracts. The stimula-
tion response may be caused by natural plant growth hormones and abundant mineral content in the watery residue
of the leaves. Moringa (T8) was the tallest at 15 DAS, but at 30 DAS Bitter Apple (T2) had numerically higher
values, but was not statistically different from T8 and Control. The potential of aqueous Moringa leaf extracts as
powerful biostimulants and plant growth regulators is well supported by [16]. On the other hand, the reduced growth
patterns exhibited in other experimental treatments corroborate the claims of [17] on the inhibition of vegetative
growth architecture and allelopathic effects of Parthenium extracts on cereal crops such as maize.
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Figure 7. Impact of different phytosolutions on plant height of wheat.
3.8 Fresh Weight (g)

The experimental data shown in Figure 8 indicate that all the aqueous extracts used caused a significant decrease in
fresh biomass of wheat seedlings except the Moringa extract (T8), Bitter Apple extract (T2), and Algal Water (T9).
On the other hand, the lowest fresh weight of seedlings was consistently recorded under the Conocarpus water extract
(T7) for the extended observation periods, and the results were the same throughout the one-month evaluation in-
terval. The results suggest that the biomass development has a different stimulatory or highly compatible effect in
the case of Moringa, Bitter Apple, and Algal Water solutions, whereas the other treatments (Parthenium, Conocar-
pus, Peelu, and Garlic) have clear suppressive characteristics. This growth inhibition of early fresh weight accumu-
lation may be explained by the effect of the primary and secondary metabolites in the aqueous extracts on critical
cellular processes like osmotic function, cell division, and maintenance of internal turgidity. The results are also
consistent with the reported results of [18, 19], which also showed different responses in growth and biomass of
agronomic crops after being exposed to botanicals extract.
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Figure 8. Impact of different phytosolutions on fresh weight (g) of wheat.
3.9 Dry Weight (g)

The experimental data for seedling dry weight are summarized in Figure 9. The allelopathic potential of the extracts
of different plants, viz. Parthenium, Garlic, Peelu, Conocarpus, Moringa and Algal water was also found to affect the
dry mass accumulation of wheat seedlings in varying ways. The highest dry weight values were produced in the
untreated control (distilled water) and Bitter apple treatments, which were significantly higher than all other treat-
ments at a 5% probability level for both observation periods. The other three treatments (Conocarpus, Peelu, and
Garlic) resulted in the lowest seedling dry weights. These reductions in biomass may be due to the presence of
secondary metabolites such as alkaloids, flavonoids, terpenoids and phenolic compounds, which are present in these
plant extracts that directly affect the water potential dry matter partitioning and internal metabolic pathways of cells
[20] further showed that certain phytochemicals emitted from the exogenous plant solutions were highly influential
in altering both fresh and dry biomass production in agronomic crops.
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Figure 9. Impact of different phytosolutions on dry weight (g) of wheat.
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3.10 Root/Shoot Ratio

Experimental values for the root to shoot ratio are given in Figure 10. The statistical analysis indicated that no sig-
nificant differences were found among the treatment means, but the highest mean was obtained with treatment T6
(Peelu) 2.76 while the lowest was obtained with treatment T8 (Moringa) (0.96). This is in line with the study con-
ducted by [21], which showed that extracts of Parthenium have a significant effect on root and shoot growth in
several crop species used in agriculture. Likewise, [12] reported that the vegetative coordination and root-shoot ratios
of certain plants were negatively impacted after treatment with Moringa aqueous extracts. The higher ratio in the
T4 Parthenium treatment relative to the other treatments in this study suggests an imbalance in the growth relation-
ship between subterranean and aerial organs at 30 days after treatment. This is due to the fact that there are secondary
metabolites and allelochemicals in the extract which interfere directly with various internal enzyme functions, pro-
tein synthesis, and active cell division.

Root/Shoot Ratio

Figure 10. Impact of different phytosolutions on root/shoot ratio of wheat.

4. Conclusion

This independent laboratory study shows that allelopathic effects of various aqueous phytosolutions are highly var-
iable with different concentrations during the critical initial 15 to 30 days after sowing of the wheat crop. Empirical
data show that Moringa (T8) and Algal Water (T9) are exceptional natural biostimulants with significant capacity
to shorten germination time and increase the rate of germination, chlorophyll content, and total leaf area. Con-
trastingly, extracts of Garlic (T5), Conocarpus (T7) and Parthenium (T4) exhibit inhibitory effects on vegetative
growth, significantly decreasing coleoptile extension, leaf surface area and dry structural biomass accumulation.
Root length and raw fresh seedling weight are moderately resilient to exposure to the extract, while biochemical,
physiological, and photosynthetic performance indicators are highly sensitive to these botanical solutions.

5. Recommendations

Based on the conclusive results of this study, the following field and management recommendations are made:

Farmers in the Dera Ismail Khan agro-climatic region may consider the use of 10% moringa leaf extract or algal
extract as an organic seed priming agent and/or early foliar spray. It is recommended and is a well-established
practice which helps to shorten crop development and increase the uniformity of structure, especially in late-sown
wheat production systems.

Active CLC of Conocarpus lancifolius trees and/or strict control of the weeds of Parthenium hysterophorus in the
immediate vicinity of wheat fields by agricultural extension. This control measure is important to protect against
the leaching of water-soluble allelochemicals into wheat root zones and to adversely affect young stands.

Further extensive field-scale trials are needed to evaluate these botanical extracts under varying soil conditions,
in different agro-ecological zones. Also, experiments with different concentration gradients will help in the optimi-
zation of the extraction efficiency, which will be useful for their practical application in sustainable and chemical-
free agriculture.
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