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Abstract- This study examines how the physiological and biochemical characteristics of coriander (Coriandrum
sativum) plants are affected by ant nest soil, specifically from Camponotus compressus. In 17 field sites, coriander
plants were cultivated in soils with and without ant nests. The growth parameters, pigment concentrations, and
photosynthetic characteristics of the plants were examined. Results revealed that plants grown in ant nest soil exhibited
significantly enhanced green biomass, root length, leaf diameter, and leaf number. Biochemical assessments indicated
increased chlorophyll-a, chlorophyll-b, and total chlorophyll content in the experimental group, signifying improved light
absorption and pigment biosynthesis. In addition, plants grown in ant nest soil exhibited decreased proline content,
increased water potential, stomatal conductance, transpiration rate, and net photosynthetic rate—all of which point
to decreased abiotic stress and improved physiological efficiency. These plant’s enhanced ability to use light was
reflected in their higher photosynthetically active radiation (PAR). These results were corroborated by an analysis of
soil samples from nest and nonnest areas, which showed that nest-associated soils had higher concentrations of vital
cations and nutrients. According to these findings, Camponotus compressus plays an important ecological role as a
natural soil enhancer and has the ability to support agroecosystem productivity and sustainable plant growth.
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1. INTRODUCTION

A micro-scale change in the soil can alter the structure and composition. Changes in the soil can produce
an adverse effect on the vegetation, modifying the soil composition and creating an abundance and
richness in plants. There are animals such as agoutis, rabbits, wild pigs, armadillos, termites and ants can
bring a modification in the soil that have effect on ecology through perturbations of soil [1]. Ants are
considered as one of the important sources of modifiers of soil throughout the world due to their wide
diversity and abundance, wide geographical distribution and social behaviour [2]. Around 20,000 species
have been observed across all continents [3]. It has been observed that ants remove the soil surface of
vegetation and bring up the large amount of underground soil into superficial layers to build their nests.
They also accumulate organic matter and excrete large amount of organic waste in particular chambers or
on top of the soil surface. This is the reason why ant nest soil results in a change in physical and chemical
properties thereby creating an effect on the surrounding vegetation [4]. Hence ants nest are considered
one of the main influences when it comes to minor-scale disturbances in the soil [5]. Majority of the
studies showed that there is an increase in organic matter and soil nutrients in ant nest sites [6]. It has
been observed that there are striking evidence of plants that grow near the ant nest or near the ant nest
have high level of their performance or abundance [7]and the effects of ant nests on plant diversity [8].
To understand the effect of ant nests on soil and plants we have selected Camponotus compressus species of
ants for our study. Here for the first time we have analysed the nest soil chemistry of Camponotus compressus
through GCMS and also for the first time we did a mainstream work on the nest soil nutrient of
Camponotus compressus. All these we have quantitatively assessed to determine whether ant nests have an
effect on soil fertility and overall performances of coriander plants.

The modification brought by ant nest on soil and plants could be due to the substrate sampled, feeding
type of the ant, the exact geographical location of the nest, the plant variable and the type of data. All
ants excrete organic waste. These wastes are deposited in the underground chamber or in outside refuse
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piles depending on the species [9]. Results showing that there is some proves that refuse material and nest
soil might be different in their mineral composition [5], the varieties of substrate found could also explain
the types of soil observed in soil fertility around ant nests. Ants consume various items such as green
plants, materials, seeds and dead or live arthropods [10]. Provided that different food sources differ in
their content of nutrient [11] their deposits in the nest and the debris may affect the ant nest on soil
chemistry [12], [13]. There are various abiotic and biotic characteristics that change with latitude and
among biomes which affects the ability of ants to enhance the soil fertility. For instance, temperate regions
and habitats that are dry show extreme temperature that might limit the ant foraging period [14]
decreasing their ability as soil modifiers. Moreover, food items such as plants and arthropods differ in
nutrient content, number and identity along geographical and environmental gradients [15].

The present study aims at the physico-chemical characteristics of ant nest crater rim debris soil of a
common and abundant plantvisiting carpenter ant Camponotus compressus (Fabricius, 1787). Carpenter
ants belong to the hyper dispersed genus Camponotus which contains polydomous species [16]. There are
two types of nests constructed by carpenter ant colonies: the primary nests and the associated satellite
nests. Camponotus compressus are found mostly in South and Southeast Asia which includes India [17] [18].
The nests of Camponotus compressus are observed to be found in various ecosystems including annual and
perennial agroecosystems [19]. A recent study shows that Camponotus compressus alters the soil pH and the
nutrients [19]. These ants go and visits extra floral nectar bearing plants [20] and consumes honeydew
from homopterans.

A question usually raised all the time [2] that do ants change the soil? Therefore, in the present study we
have selected 17 sites in Chikkaballapur forest to study the nest excaration and activities maintained by
Camponotus compressus colonies influencing the soil in different areas. The following questions were
researched on (i) What is the nutrient content of the soil from the 17 sites (ii) What is the chemical
compounds released by ants present in the soil by GCMS (iii) Whether there is any change in the plant
grown on the soil near to ant nest.

2. MATERIALS AND METHODS

We had examined reference sections of recently published articles on our topic and searched keywords
in Biological abstracts, Google Scholar and searched words like ant nest and soil fertility and soil nutrients
and nest effects on plants. We have included our research records such as (i) Comparing fertility of the
soil and plant traits between ant nest sites and adjacent sites without ant nest (control); (ii) The means,
their sample sizes and standard errors for the experimental soil and the control soil. We had performed
different meta-analysis to examine the effect of Camponotus compressus on 17 soil sites in Chikkaballapur
district of Karnataka, India with their nest and adjacent sites without nest and three coriander plant
performances were studied which were grown on ant nest soil and soil without ant nest. For examining
the soil fertility we had studied the effect of Camponotus compressus on the nutrients such as (N, P, K and
C) and cations such as (Al, Ca, Mg and Fe) and pH of the soil was also examined [21].

The Coriander plant performances we had analysed separately by examining the plant growth (eg- stem
diameter, lesf and root biomass and plant height). In order to know whether the plants were under stress
when grown in ant nest soil we had performed Prolene test and to study whether there was any change
in the protein we had performed protein test by Lowry’s method. To estimate the prolene content in leaf
tissues of coriander plant, about 20.5 mg of leaf sample was homogenized in 1 mL of an ethanol-water
mixture, that is, 400 puL ethanol and 600 pL distilled water, prepared in the ratio of 40:60 (v/v). As the
mixture was kept at room temperature overnight, extraction was eased. Prior to being centrifuged at
14,000 rpm for 5 minutes, the samples underwent incubation. Afterward, researchers collected for further
analysis the clear supernatant.

To prepare the reaction mixture, glacial acetic acid (6 mL), ethanol (2 mL), and distilled water (2 mL)
were well mixed. To this, 0.1 g of ninhydrin was added so it dissolved completely, within which formed
the acid ninhydrin reagent. Next, we pipetted 100 pL of that reagent mixture right into each well of some
96-well plate for some reaction tube. Next, we put in 50 pL of proline standard or the plant extract.
Prepared standards had concentrations measuring 20, 40, 60, 80, and 100 pg/mL. Water that was distilled
did replace that extract for preparation of a blank. After that, the tubes were wrapped in aluminum foil
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and incubated for 20 minutes at 98°C in a water bath. Following incubation, cold water was used to bring
the tubes to room temperature. Any remaining particle matter was then settled with a quick centrifugation
(10-20 seconds). For the absorbance measurement, 100 pL of each reaction mixture was carefully moved
to sterile tubes. A UV spectrophotometer was used to determine the optical density (OD) of the resultant
colored complexes at 520 nm.

To estimate the protein content first, plant extracts were made by homogenizing the leaf material in an
appropriate extraction buffer in order to assess the total protein content in leaf tissues. Following
centrifugation, the supernatant was used for protein analysis and kept in a cool environment. Bovine
serum albumin (BSA) at various concentrations (10 pg, 20 pg, 30 pg, 40 pg, and 50 pg) was used to create
a standard curve for the estimation. Working standards were obtained by dissolving 50 mg of BSA in 500
mL of distilled water to create a stock solution of BSA at 100 pg/mL. Six milliliters of glacial acetic acid,
two milliliters of ethanol, and two milliliters of distilled water were mixed to create the reagent mixture.
0.1 g of Coomassie Brilliant Blue G-250 (or another suitable dye reagent based on the Bradford protocol
adaption) was added to this solution and left to dissolve fully. The Bradford reagent was this mixture.

In a standard experiment, 50 pL of the protein extract or BSA standard was added after 100 pL of the
reagent had been pipetted into sterile reaction tubes or wells. Instead of employing the protein extract,
distilled water was used to create a blank. The tubes were mixed and then allowed to develop color at
room temperature.

To get rid of any precipitates, the tubes were spun for ten to twenty seconds after the blue-coloured
complex had formed. A UV spectrophotometer was then used to measure the absorbance (optical density)
at 520 nm after 100 pL of each reaction mixture had been carefully transferred to clean tubes. The
standard curve obtained from the known BSA concentrations was used to calculate the protein
concentration in the samples.
Protein concentration in plant samples can be accurately and sensitively ascertained using this method,
which is especially useful for examining physiological reactions to experimental or environmental
treatments.

We had used two instruments to check the other parameters in coriander plants: (i) First we had used CI-
710s Leaf Spectrometer which was used to analyse the quantity of chlorophyll a, b and t present in the
coriander plants grown on ant nest soil and soil without ant nest (ii) Second instrument which we had
used was CI 340 Hand held Photosynthesis system which had analysed the photosynthetic Active
Radiation (PAR), Water Potential, Net Photosynthetic Rate (NPR), Transpiration rate (E) and Leaf
Stomatal Conductance (C) in coriander plants grown on ant nest soil and soil without ant nest.

For statistical analysis we had performed ONE WAY ANOVA for each parameter with the help of the
SPSS software [21].

3. RESULTS AND DISCUSSION

3.1. Assessment of proline content in Experimental and control coriander plants

Proline was first observed in wilting perennial ryegrass [22] and then after further analysis they were found
to show physiological responses if they are under environmental stresses [23] [24]. Uusally if they are
exposed to some high level of salinity [25], [26], drought, [27], water stress[28], heavy metals [29], [30].
Proline has been known to help as osmolyte and osmoprotective compound and thereby acting as
molecular chaperone in osmotic adjustment and shielding of cellular structures, proteins and membranes
against osmotic stress. Proline also helps in acting as a scavenger of reactive oxygen species to decrease the
adverse effects done by oxidative stress triggered by high level salinity, drought, heavy metals, etc.[31],
(32], [33], [34]. In many plants such as potato proline plays an important role in osmotic adjustment [35].
Various studies shows the benefits of proline when they are under environmental stress mostly salt and
water [36]. It has been observed that Proline acts as an elicitor of various defense responses such as osmotic
adjustment, membrane and protein stabilisation, free radical scavenging, cell signalling events and gene
expression modulation [37]. The metabolic pathway of proline in bacteria has been best described by [5]
where he stated that proline is usually synthesised from glutamate in three steps (1) y-glutamyl kinase
phosphorylates glutamate using ATP, which produces glutamyl- -phosphate, which is broken down to
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SA by glutamic- - semialdehyde dehydrogenase; (2) GSA is rpidly converted to P5C; and (3) P5C is
broken down to proline by P5CR with consumption of NADPH [21]. A bifunctional enzyme called P5CS
which is present in plants and animals rapidly catalyzes the first two steps of proline biosynthesis using
ATP and NADPH. IN addition plants they do have an alternative proline synthesis pathway in
mitochondria which OAT enzyme converts ornithine and a-ketoglutarate to P5C by transamination [21].
P5CS route is the important pathway of biosynthesis of proline in plants. The biosynthetic pathway's
spatially distinct process of proline catabolism takes place in mitochondria [38]. ProDH activity limits the
breakdown of proline by encouraging its oxidation to P5C, which PSCDH then transforms into
glutamate. The mitochondrial enzymes PDH and P5SCDH use FAD and NAD+ as electron acceptors to
produce FADH2 and NADH, respectively, and supply electrons for the electron transport chain in the
mitochondria. In some plant species, including barley [39], rice, sainfoin [40], maize, and tomato,
exogenous proline application has become a viable substitute to lessen the harmful effects of salinity.

In this investigation, we discovered that experimental coriander plants cultivated in Camponotus compressus
nest soil had a substantially lower proline content than those cultivated in nearby non-nest control soil.
The generally favorable plant growth responses observed in situations where ant nest debris improves soil
fertility are in contrast to this observation. The physical and chemical characteristics of the nest soil are
influenced by C. compressus nests, according to prior research. These nests' debris soils usually show: (i)
higher percentages of large soil particles; (ii) higher levels of moisture, total N, P, and NO3z N; (iii) lower
levels of total C and NH,4 N (iv) increased soil porosity and a shift toward neutral pH [41]. It is known
that these changes produce nutrientrich "islands" that could encourage plant growth in a variety of
systems [42], [43], [21]. Plants cultivated in ant nest soils frequently exhibit higher root and shoot biomass
than those in control soils, according to meta-analytical evidence from several ant taxa.[21]. However, it
is uncommon to measure particular effects on osmoprotectants like proline, which are frequently elevated
under abiotic stress (such as salinity or drought). According to our data, plants cultivated on C. compressus
nest soils accumulate less proline. This implies that even though there are more nutrients available, these
soil conditions may result in less stress, which would lower proline biosynthesis and osmotic adjustment.
Alternatively, stress-responsive pathways may be down-regulated by the constant signals of moisture and
nutrients. nutrient-rich, low-stress setting, Nest soil with higher levels of nitrate, phosphorus, and
moisture may meet plant metabolic needs and lessen the need for osmoprotectants like proline [41]. By
stabilizing conditions (pH, moisture), regular nest maintenance and debris deposition can effectively
protect plants from physiological stressors usually linked to proline synthesis. As far as we are aware, no
previous research has specifically measured proline levels in plants—especially C. compressus—grown on ant
nest soils. As a result, our research provides a fresh perspective on the physiological effects of soils

modified by ants as shown in fig (1) (2) (3).
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(1) Fig 1: Lighter coloring, which indicates a decreased proline concentration, is seen in both control and
experimental samples cultivated on Camponotus compressus nest soil.

(2)

Fig 2: increased proline concentration is shown in the increased hue of the experimental and control

samples cultivated in soil devoid of ant nests.

423



International Journal of Environmental Sciences
ISSN: 2229-7359
Vol. 11 No. 6, 2025
https://theaspd.com/index.php

o

i
bed + l;{
+ [ o
g d |
e iy

.\ ‘ | IH-I T E:i ! ‘!';

Sie-l el Sl Sfed Sl 512 w13
Fig 3: The higher hue of the control samples than the experimental sample grown in soil free of ant nests
indicates a higher proline concentration.
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3.2. Assessment of protein content in Experimental (with ant nest) and control coriander plants
(without ant nest).

Along with lipids and carbohydrates, protein is a key macronutrient that aids in the development and
upkeep of the human body and provides energy, [14]. In essence, a protein's function is determined by
its structure, which is acquired following the ribosomal synthesis of its amino acid chain. Moreover, the
physical and chemical conditions of a protein's surroundings largely dictate its conformation. These
conditions are impacted by high temperatures, reactive substances, heavy metal (HM) ions, and other
stresses that not only prevent newly synthesized proteins from folding correctly but also cause pre-existing
proteins to misfold [5].

In this study, coriander (Coriandrum sativum) plants grown in Camponotus compressus nest soils
(experimental group) had a significantly higher total protein content than plants grown in nearby non-
nest soils (control group). The Duncan's Multiple Range Test (DMRT) confirmed the statistical
significance of this pattern, which was consistently seen across 17 independent sites. Because of ant
bioturbation, soils affected by C. compressus nests are known to be richer in vital nutrients like nitrate
(NO37), phosphorus (P), and potassium (K). They also show better aeration and moisture retention [19].
The growth and metabolism of plants may be greatly impacted by these modifications. Increased nitrogen
bioavailability, which directly supports amino acid biosynthesis, protein assembly, and improved cellular
function, may be the cause of the higher protein content in coriander cultivated on these enriched soils.
Plants cultivated in nutrient-poor control soils, on the other hand, might have restricted nitrogen uptake,
which would result in relatively less protein synthesis. Both the experimental and control groups' mean
protein concentrations (measured in milligrams per gram of fresh weight) were plotted, with standard
error bars added to show variation. This trend was not caused by random variation across sites, as the
Duncan's posthoc test showed that the difference in protein content between the two groups was
statistically significant (p < 0.05). These results are consistent with earlier studies showing that ant nest
soils act as [21]. The higher protein content in coriander, a plant with culinary and therapeutic uses,
might be the result of better soil nitrogen cycling and plant nitrogen uptake efficiency. Additionally, the
ant colony's soil conditioning effect improves the biochemical quality of plants even though Camponotus
compressus is not directly myrmecophilous with coriander as shown in fig-4, 5 and 6.
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Fig 4: Test tubes demonstrating the Lowry method of protein quantification from coriander plants
cultivated in ant without nest and ant with nest soil types.

EXPT: Plants grown in Camponotus compressus nest soil, showing higher intensity green colour, indicating
higher protein concentration.

CONTROL: Plants grown in non-nest (control) soil, showing lighter colour, suggesting lower protein
levels.

Protein concentration at 0.3 ml of the samples

1 '
8
'
w :
[ p ! [ .
N un e u . M ’ o
‘. | " ‘ I | I ”kl || - | ' || | |
Sta - -t '3 S1e5 e - el eIl Seld St el e T

e

ROTEIN CONTENT (mpfonl)

Fig 5: This bar graph compares the mean protein content (+ SE) of coriander plants grown in ant nest

soil at a concentration of 0.3 ml to control soil at 17 different sites. The Duncan's test is used to determine
statistical significance.
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Fig 6: This bar graph compares the mean protein content (+ SE) of coriander plants grown at 17 different
sites at a concentration of 0.7 ml from ant nest soil to control soil. The Duncan's test is used to determine
statistical significance.

3.3. Meta-analyses of soil fertility and plant performance affected by ant nest soil

There is multiple work that shows that ants have an effect on soil properties, vegetation patterns, but
there still is some conflicting evidence on whether these have an effect which ca increase or decrease the
nutrient content of soils and let to influence the plant growth. Although most studies show that there is
an increase in organic matter and soil nutrients in ant nest sites [43]. It has been observed that the effect
of ant nests on soil and plants could be affected by the substrate sampled, the ant feeding type, the
geographical location of nests, the plant variable measured. All ants generate organic waste. This waste
gets deposited in the underground specific chambers or in outside refuse piles based on the ant species
[45]. There are some studies that there are differences in the mineral content of refuse material and nest
soils [5], the type of substrate sampled could partially explain the variation observed in soil fertility around
the ant nest. Secondly ants intake green plant material, seeds and dead or live arthropods [46]. As a result
various food sources differ in their nutrient composition [11] their presence inside the nest and the
associated debris may have an effect of ant nest on soil chemistry [47]. Third, ants' capacity to increase
soil fertility is impacted by a number of biotic and abiotic traits that vary with biome and with latitude.
For instance, ants' capacity to modify soil is diminished in temperate regions and arid ecosystems due to
the high temperatures that may restrict their foraging season. Additionally, within geographic and
environmental gradients, food items like plants and arthropods differ in terms of their nutrient content,
quantity, and identity [48]. Given that the quality of food stored and detritus created by ants is closely
linked to their effects on soil fertility [49], ant nest size may be impacted by variations in food availability
along environmental and latitudinal gradients as soil disturbances. Lastly, as soil fertility frequently affects
plant performance and abundance, all of the above mentioned elements may have an impact on
vegetation patterns; however, the effects may vary depending on the type of data and the degree of
organization examined. By favoring the dominance of a small number of species at the community level,
enhanced nutrient patches may reduce plant diversity while simultaneously improving plant performance
at the individual and population levels [50]. Furthermore, because greenhouse plants are frequently kept
in controlled environments, whereas field plants may be subject to resource constraints, environmental
changes, and natural enemy attacks, the findings of measurements taken in greenhouses and the field
may differ. All things considered, these variables could affect the magnitude and direction of the effect of
ant nests on soil fertility and plant performance, which would account for the disparate findings of various
investigations.

We assessed the effects of ant nests on many aspects of plant performance and soil fertility. Ant nests'
effects on soil nutrient content (C, N, P, and K), soil cation content (Al, Ca, Mg, Na, S, Cu, Zn, Fe), soil
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pH, EC (Electrical conductivity), plant green development (plant height, and plant root growth, leaf size,
number of leaves, diameter of leaves, Photosynthetic Active Radiation, water potential, Net
Photosynthetic Rate, Transpiration Rate, Leaf Stomatal Conductance, Chlorophyl-T, Chlorophyl-a,
Chlorophy-b were assessed using different meta-analyses.

In comparison to nearby control soils devoid of ant activity, soils associated with Camponotus compressus
nests had noticeably greater amounts of the macronutrients organic carbon (C), total nitrogen (N),
accessible phosphorus (P), and potassium (K), according to soil nutrient analysis. Ants' ecological function
as natural soil engineers and biofertilizers is supported by this trend, which is consistent across all 17
study locations.

Nest soils were found to have much larger quantities of organic carbon (C). Ant activity aggressively
incorporates organic waste, including decomposing plant matter, insect prey leftovers, ant dung, and nest
debris, into the soil matrix, which is why there has been an increase in this area [2]; [53] as shown in fig-
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Fig 7: The difference in organic carbon content between soils from Camponotus compressus nests and
control soils is depicted in the graph. Significantly increased quantities of organic carbon were found in
ant nest soils, indicating improved organic matter accumulation. Duncan's Multiple Range Test was used
to evaluate statistical significance (p < 0.05), and the data are displayed as mean * standard error (SE).
Nest soils also shown a notable enrichment in total nitrogen (N) concentration. Through the deposition
of nitrogen-rich waste and the breakdown of dead ants and food remnants inside the nest, ants help to
enhance nitrogen. Furthermore, increasing aeration and organic inputs frequently boost microbial
activity in nests, which aids in nitrogen cycling even more [51] [52] as shown in fig-8.
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Fig 8: The graph shows how the nitrogen content of control soils and soils from Camponotus compressus
nests varies. Ant nest soils had noticeably higher nitrogen levels, a sign of better nutrient enrichment.
Duncan's Multiple Range Test was used to evaluate statistical significance (p < 0.05), and the data are
displayed as mean * standard error (SE).

The amount of available phosphorus (P) in nest soils was noticeably higher. Ant secretions, particularly
formic acid and other exocrine chemicals that mobilize phosphorus from mineral particles, may be the
cause of this, as may the concentration of organic phosphorus sources and chemical weathering (53] (54]

as shown in fig-9.
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Fig 9: The difference in phosphorus content between control soil and Camponotus compressus nest soil is
depicted in the graph. Phosphorus contents were much greater in ant nest soils, indicating improved
nutritional availability. Duncan's Multiple Range Test was used to evaluate statistical significance (p <
0.05), and the data are displayed as mean * standard error (SE).
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Ant nest soils also had higher potassium (K) values. This is probably caused by bioturbation, greater root
penetration in the loose soil structure of nests, and ant feeding and tunnelling activities that redistribute

potassium-rich mineral particles [4] [55]as shown in fig-10.
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Fig 10: The difference in potassium content between control and Camponotus compressus nesting soils is
depicted in the graph. Significantly higher potassium levels were found in soils connected to ant nests,
indicating better cation accumulation. Duncan's Multiple Range Test was used to evaluate statistical
significance (p < 0.05), and the data are displayed as mean + standard error (SE).
The elemental analysis of soil samples revealed significantly higher concentrations of several essential
macro- and micronutrient cations—including aluminum (Al), calcium (Ca), magnesium (Mg), sodium
(Na), sulfur (S), copper (Cu), zinc (Zn), and iron (Fe)—in soils from Camponotus compressus nests as
compared to adjacent control soils without ant activity. These findings, statistically validated using
Duncan’s Multiple Range Test (DMRT) across all 17 sites, suggest the role of ants as key agents in soil
geochemical redistribution and enrichment
Nest soils had a notable concentration of calcium (Ca). When building a nest, ants frequently move and
gather calcareous particles. Ant tunneling improves porosity and aeration, which increases calcium
availability, which is essential for plant cell wall stability [56] as shown in fig-11.
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Fig 11: The difference in calcium concentration between control and nest soils for Camponotus
compressus is depicted in the graph. Significantly increased calcium levels were found in ant nest soils,
suggesting improved mineral enrichment. Duncan's Multiple Range Test was used to evaluate statistical
significance (p < 0.05), and the data are displayed as mean * standard error (SE).
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There was also a notable increase in magnesium (Mg), a crucial element of chlorophyll, in nest soils. Ants
carry soil higher and sort particles during nest building, which can bring magnesium closer to the top

[54] [55] as shown in fig-12.
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Fig 12: The graph shows how the magnesium content of control soils and soils from Camponotus compressus
nests varies. Ant nest soils showed a notable rise in magnesium, indicating increased soil fertility.
Duncan's Multiple Range Test was used to evaluate statistical significance (p < 0.05), and the data are
displayed as mean * standard error (SE).

Nest soils had higher levels of sulfur (S), a necessary component of enzymes and amino acids. By

enhancing microbial populations and encouraging the decomposition of organic debris, ants indirectly
improve sulfur cycling and increase the availability of sulfate [59] as shown in fig-13.
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Fig 13: The difference in sulfur concentration between control soil and Camponotus compressus nest soil is
depicted in the graph. Due to increased microbial activity, ant nest soils had noticeably greater sulfur
levels. Duncan's Multiple Range Test was used to evaluate statistical significance (p < 0.05), and the data
are displayed as mean # standard error (SE).

Due to the presence of organic matter and microbe-rich habitats that store trace metals, copper (Cu)

concentrations were noticeably higher in nest soils. According to [52], copper is essential for respiratory
and photosynthetic enzymes as shown in fig-14.
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Fig 14: The difference in copper concentration between soils from Camponotus compressus nests and
control soils is depicted in the graph. Copper levels were much higher in ant nest soils, indicating better
micronutrient dynamics. Duncan's Multiple Range Test was used to evaluate statistical significance (p <
0.05), and the data are displayed as mean * standard error (SE).
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In comparison to control soils, manganese (Mn) levels were likewise noticeably higher in soils connected
to Camponotus compressus nests. As a cofactor in enzymatic activities, manganese is an essential
micronutrient that plays a role in photosynthesis, nitrogen metabolism, and plant defense systems.
Enhanced microbial activity, increased organic matter deposition, and soil aeration are all ant-mediated
processes that can affect Mn solubility and mobility in the rhizosphere, which is why nest soils have higher
Mn availability [52].

Furthermore, deeper mineral particles rich in trace elements like manganese are transported upward by
ants' constant excavation and soil turnover. The bioavailability of Mn can be improved by this biological
redistribution mechanism, particularly in acidic or moderately worn soils [2] [4] respiratory and
photosynthetic enzymes as shown in fig-15.
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Fig 15: The difference in manganese content between control and nest soils for Camponotus compressus is
depicted in the graph. Ant nest soils had a noticeably higher manganese content, suggesting that the
micronutrient availability was beneficial. Duncan's Multiple Range Test was used to evaluate statistical
significance (p < 0.05), and the data are displayed as mean * standard error (SE).

Nest soils have substantially higher levels of zinc (Zn), a crucial mineral involved in hormone production

and plant gene expression. Zn retention and bioavailability are probably facilitated by the biologically
active and organic-rich nest environment [51] as shown in fig-16.
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Fig 16: The difference in zinc level between control and Camponotus compressus nesting soils is depicted
in the graph. Significantly higher zinc levels were found in ant nest soils, indicating improved trace
element enrichment. Duncan's Multiple Range Test was used to evaluate statistical significance (p < 0.05),
and the data are displayed as mean + standard error (SE).

Nest soils also have higher levels of iron (Fe). Chlorophyll production and respiration depend on iron.
Ant nests increase the mobility and availability of iron via improving aeration and redox potential in soil
microenvironments (Jouquet, Mathieu, et al., 1994.)[61] as shown in fig-17.
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Fig 17: The graph shows how the iron content of the control soil and the nest soil of Camponotus
compressus differs. Iron levels in ant nest soils were noticeably higher, suggesting better micronutrient
content. Duncan's Multiple Range Test was used to evaluate statistical significance (p < 0.05), and the
data are displayed as mean + standard error (SE).

3.4, Performance of Coriander plants grown in ant nest soil and soil without ant nest

It was observed that green growth of coriander plants was higher when they were grown on ant nest soil
than in soil without ant nest as show in (Fig-18 and 19) (table-1 and 2). Root growth was also higher in
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plants, number of leaves and diameter of leaves were comparatively more than the non-nest soil. There
was a noticeable increase in biomass, denser foliage, and taller shoots in the plants cultivated on ant nest
soil. These plants also showed noticeably more vigorous root growth, with longer roots and more
branching patterns, which suggests better nutrient absorption capacities. Ant nest soil was positively
correlated with overall vegetative development, as evidenced by the experimental group's significantly
higher number of leaves per plant and individual leaf diameter. These outcomes are consistent with
research by [6], which found that ant-modified soils improve soil porosity, organic matter, and mineral
content, all of which increase plant nutrient uptake. By leaving organic waste, dead insects, and feces in
their nests, ants are also known to aid in the cycling of nutrients. These materials break down and enrich
the nearby soil with vital macro- and micronutrients [62] [63]. The observed growth improvements were
probably caused by the increased availability of elements like calcium, magnesium, phosphorus, and
nitrogen in ant nest soils table-1 and table-2. According to these results, ant nests serve as organic
bioturbators and biofertilizers, forming microhabitats that support stronger and healthier plant growth

shown in fig-18 and 19.

Fig 18: Coriander plants grown in experimental soil (with Camponotus compressus ant nest)
The image demonstrates enhanced vegetative growth, with taller shoots, larger and more numerous leaves,
and more developed root systems due to the nutrient-enriched ant nest soil.
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Fig 19: Coriander plants grown in control soil (without Camponotus compressus ant nest). The image shows
reduced green growth, fewer and smaller leaves, and shorter root length in plants cultivated in soil without
ant nest activity.

Table 1: Morphological parameters of coriander plants grown in experimental soil (with Camponotus
compressus ant nest) representing data on plant height, root length, number of leaves and leaf diameter in
coriander plants cultivated in nest soil

SL PLANT SIZE (cm) | ROOT SIZE | NO. OF LEAVES | DIAMETER OF LEAF
NO. (cm) (cm) (cm)

1 16 4.5 10 0.8

2 14 3.8 12 0.8

3 11 4 8 0.7

4 13.8 4.1 9 0.8

5 20 6.5 17 0.8

Table 2: Morphological parameters of coriander plants grown in control soil (without Camponotus
compressus ant nest) representing data on plant height, root length, number of leaves and leaf diameter in
coriander plants cultivated in non-nest soil

SL PLANT SIZE (cm) | ROOT SIZE | NO. OF LEAVES | DIAMETER OF LEAF
NO. (cm) (cm) (cm)

1 8 2 4 0.3

2 6 2 3 0.2

3 8.5 1.7 3 0.3

4 7 2.3 4 0.4

5 9 2.8 3 0.4

3.5. Assessment of Photosynthetic Active Radiation in coriander plants grown in ant nest soil and soil
without ant nest

The 400-700 nm spectral range of solar radiation that plants use to power the light-dependent processes
of photosynthesis is known as photosynthetically active radiation, or PAR. A plant's photosynthetic rate,
biomass accumulation, and overall productivity are all influenced by how well it absorbs and uses PAR.
The coriander plants (Coriandrum sativum) cultivated in the soil of Camponotus compressus ant nests and
those cultivated in non-nest (control) soil showed notable variations in PAR absorption in the current
study. Plants from the experimental group (ant nest soil) demonstrated markedly higher PAR values,
indicating a more efficient photosynthetic performance. The combination of enhanced morphological
characteristics and physiological efficiency in the plants cultivated in ant nest soil is responsible for this
higher PAR absorption. The buildup of organic debris and ant nutrient cycling probably resulted in an
enriched soil environment with higher concentrations of essential nutrients like iron, magnesium, and
nitrogen—all of which are necessary for the synthesis and operation of chlorophyll [64] [65]. A higher
concentration of chlorophyll improves photosynthetic photon flux density (PPFD) absorption by
increasing the leaves' ability to absorb light in the PAR range. Additionally, plants cultivated in ant nest
soil showed increased leaf thickness and area, which are positively connected with PAR absorption and
light interception [66]. This is in line with recent research that demonstrates how soil fertility and
microbial interactions drive leaf structural adaptations that improve agricultural species' ability to absorb
light and absorb carbon [52]. The higher PAR uptake further suggests increased stomatal conductance
and improved internal CO, diffusion, both of which are integral to efficient photosynthetic output [68].
The higher PAR values in plants grown in ant nest soil support the idea that soil biodiversity, especially
ant-mediated modifications, shapes plant physiological responses. By changing the structure of the soil,
improving aeration, and redistributing mineral nutrients, ant nests act as natural biofertilizers that
eventually improve photosynthetic efficiency and plant vigour [62] [67]as shown in fig-20.
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Fig 20: Photosynthetically Active Radiation (PAR) levels in coriander plants grown on ant nest soil and
non-nest soil. The graph compares the PAR absorption (measured in pmol/m?2/s) by coriander plants
grown in soil with Camponotus compressus nests (experimental) and in soil without ant nests (control),
indicating improved light capture efficiency in the ant nest soil group.

3.6. Assessment of Water Potential in coriander plants grown in ant nest soil and soil without ant nest
One important physiological factor that controls the flow of water within plant tissues and between the
plant and its surroundings is water potential (P'w). It is a vital sign of a plant's level of hydration, turgor
pressure, and capacity to absorb water from the soil. It shows the potential energy of water per unit volume
in comparison to pure water. When compared to plants grown in non-nest (control) soil, coriander plants
(Coriandrum sativum) cultivated in soil containing Camponotus compressus ants showed a significantly higher
(i.e., less negative) water potential, suggesting better water availability and retention in the rhizosphere.
Numerous ant-mediated improvements in soil composition and structure are probably the cause of this
increased water potential. Through their tunneling and foraging activities, ants are known to aerate the
soil and mix organic matter, increasing soil porosity and water-holding capacity [62] (M. Cammaerts et
al.,, 2023). Ant nest soils' higher organic content and finer soil particles function as organic sponges,
retaining more water and delaying evaporation. These circumstances make it easier for plant roots to
consistently absorb water, preserving the ideal turgor pressure necessary for stomatal control, cell
expansion, and general growth [64]. Furthermore, the experimental plants' increased water potential
might support improved physiological processes like effective protein synthesis, photosynthesis, and
nutrient transport. According to recent research, ant-promoted soils with increased microbial activity and
structure promote better root-soil contact and increase root hydraulic conductivity, both of which help
plants have a favourable water potential [70]. Plants cultivated in non-nest soils, on the other hand,
showed lower (more negative) water potential values because they were more compacted and had less
organic matter. This indicates a state of stress in which there is less water available, which may result in
restricted gas exchange, partial stomatal closure, and decreased metabolic activity. As evidenced by the
control group's decreased shoot height, leaf count, and root growth, such circumstances have a
detrimental effect on plant growth.
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These results demonstrate how Camponotus compressus ants alter soil hydrodynamics and improve plant
water relations in a subtle but significant way. Ant nest soils improve water potential, which makes the
microenvironment more conducive to long-term plant growth, particularly in semi-arid or seasonally dry
conditions as shown in fig-21.
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Fig 21: The graph illustrates the variation in water potential (measured in MPa) between coriander plants
cultivated in Camponotus compressus nest soil and those in control soil. Plants grown in ant nest soil
exhibited significantly higher (less negative) water potential values, indicating better water retention and
hydration. Data are presented as mean + standard error (SE), and statistical significance was determined
using Duncan’s Multiple Range Test (p < 0.05).

3.7. Assessment of Net Photosynthetic Rate (Pn) in coriander plants grown in ant nest soil and soil
without ant nest

A key physiological metric that represents the equilibrium between the uptake of carbon dioxide (CO,)
during photosynthesis and its exhalation during respiration is the net photosynthetic rate (Pn). As a direct
measure of the plant's carbon gain, biomass production potential, and overall photosynthetic efficiency,
it is commonly expressed in units of umol CO, m™2 571, Coriander plants (Coriandrum sativum) cultivated
in ant nest soil (experimental group) demonstrated noticeably greater net photosynthetic rates than those
cultivated in non-nest (control) soil in the current study. This discrepancy suggests that plants linked to
Camponotus compressus nest environments have more favourable physiological conditions for carbon
fixation. There are several interconnected reasons for the increased Pn seen in the experimental group.
First off, the biosynthesis of chlorophyll and the proper operation of the photosynthetic apparatus depend
on organic matter, nitrogen, magnesium, and iron, all of which are commonly found in ant nest soils
[64]. The experimental plants' higher chlorophyll content probably improved light absorption, which in
turn improved electron transport and accelerated the rate of carbon assimilation. Furthermore, ant
activity may have produced better soil aeration, structure, and water-holding capacity, which may have
produced ideal circumstances for gas exchange and root respiration [62] [71]. As previously noted in this
study, the experimental plants' higher water potential and turgor pressure would have also helped the
stomata open, allowing for a greater uptake of CO2. Water availability and Pn are strongly correlated,
with drought or reduced water potential dramatically lowering photosynthetic activity because of stomatal
closure and metabolic limitations [21]. In order to support sustained photosynthetic performance,
coriander plants' superior water status in ant nest soils probably maintained higher stomatal conductance
(gs) and internal CO, concentration (Ci). Additionally, the presence of ants may indirectly influence the
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microbial community in the soil, which may contribute to the promotion of plant hormone synthesis and
nutrient mobilization, thus augmenting photosynthetic traits [65]. This is in line with the increasing
amount of research that highlights how crucial soil-plant interactions and belowground biodiversity are
in controlling plant physiological processes, particularly photosynthesis [72] [73]. In general, the higher
net photosynthetic rate in coriander plants cultivated on soil from Camponotus compressus nests highlights
how advantageous ant-engineered microhabitats are for boosting plant physiological capacity and yield.
According to these results, ant nests may serve as organic soil enrichers, enhancing essential metabolic
functions like photosynthesis as well as plant morphology and nutrient status as shown in fig-22.
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Fig 22: The graph illustrates the comparison of net photosynthetic rate (umol CO, m™2 s7!) between
coriander plants grown in Camponotus compressus nest soil (experimental) and those in control soil
(without ant nest). A significantly higher Pn value was recorded in plants from the ant nest soil group,
reflecting improved photosynthetic efficiency. Values are expressed as mean + SE, and statistical
significance was assessed using Duncan’s Multiple Range Test (p < 0.05)

3.8. Assessment of Transpiration rate (E) in coriander plants grown in ant nest soil and soil without
ant nest

One important physiological indicator that shows how quickly water vapor is released from plant leaves
into the atmosphere is the transpiration rate (E), which is commonly expressed in mmol H,O m™2 s7L. It
is mostly controlled by stomatal conductance and environmental factors like soil moisture, temperature,
and humidity. In the current study, coriander plants (Coriandrum sativum) cultivated in the soil of
Camponotus compressus ant nests showed a noticeably higher rate of transpiration than those cultivated in
non-nest (control) soil, indicating improved stomatal activity and physiological functioning. The
improved soil moisture availability and nutrient enrichment in ant nest soil are probably the causes of
the experimental plants' increased transpiration rate. By improving the soil's porosity, organic matter, and
nutrient levels, ant nests improve root access to water and enable constant transpiration flow [62] [67]. In
addition to promoting water uptake, these enhancements aid in preserving the ideal leaf turgor pressure,
which keeps stomata open for gas exchange. In this study, plants grown in ant nests also had higher levels
of stomatal conductance (gs) and net photosynthetic rate (Pn), which are frequently positively connected
with higher transpiration rates. Better cooling of the leaf surfaces and the movement of nutrients from
the roots to the aerial portions of the plant are made possible by increased transpiration, which is essential
for biomass accumulation and metabolic activity [21]. According to studies, in non-stressful
environmental conditions, well-hydrated soils with high microbial and faunal activity—such as those
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influenced by ants—create favorable conditions for sustaining transpiration flow [64]. Furthermore, the
physiological adaptation of coriander plants to a more hospitable microclimate produced by ant nest
structures may also be reflected in the increased transpiration that has been observed. By buffering
extremes in soil temperature and moisture, these nests can indirectly lessen abiotic stress and maintain
transpiration without causing undue water loss [64].

Plants cultivated in non-nest soil, which is distinguished by its compacted texture, lower porosity, and
decreased moisture content, on the other hand, displayed significantly less transpiration. These plants'
lower water potential might have caused partial stomatal closure, which would have limited transpiration
and possibly reduced nutrient flow and carbon assimilation. These results emphasize even more how ants
are ecosystem engineers that have a beneficial impact on the dynamics of gas exchange and plant water
relations. The increased transpiration rate in coriander plants cultivated in ant nest soil, which is bolstered
by better soil structure, hydration, and stomatal regulation, indicates a more active and efficient
physiological state overall. This underscores the ecological significance of ants in augmenting plant

function as shown in fig-23.
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Fig 23: The graph compares the transpiration rate (mmol H,O m™2 s7!) between coriander plants
cultivated in Camponotus compressus ant nest soil and control soil. Plants in ant nest soil exhibited a
significantly higher transpiration rate, indicating improved stomatal function and water transport
efficiency. Data are presented as mean * standard error (SE), with significance tested using Duncan’s
Multiple Range Test (p < 0.05).

3.9. Assessment of Leaf Stomatal Conductance in coriander plants grown in ant nest soil and soil
without ant nest

A crucial physiological metric, stomatal conductance (gs) measures how quickly CO, enters and water
vapor leaves a leaf's stomata. It represents the dynamic balance between transpiration-driven water loss
and photosynthetic carbon uptake and is commonly expressed in mol H,O m™ s™1. The current study
found that coriander plants (Coriandrum sativum) cultivated in the soil of Camponotus compressus ant nests
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had a significantly higher stomatal conductance than those cultivated in non-nest (control) soil. This
suggests that the experimental group's physiological performance and gas exchange efficiency were
improved. The improved soil conditions brought about by ant activity are probably linked to this increase
in stomatal conductance. Through bioturbation, the buildup of organic debris, and enhanced microbial
interactions, ant nests enhance soil aeration, porosity, and nutrient content [69][62]. Better root
development and water uptake result from these enhancements, raising the water potential and turgor
pressure of the leaves—two factors that are critical for preserving open stomata. Therefore, under ideal
hydration conditions, coriander plants cultivated in ant nest soil may be able to maintain higher rates of
gas exchange. Higher net photosynthetic rate (Pn) and transpiration rate (E), which are all connected, are
also correlated with elevated stomatal conductance in these plants. More access to water and vital
nutrients helps plants keep their stomata open more regularly, which permits the best possible CO, influx
for photosynthesis without sacrificing water efficiency [74]. Furthermore, it is known that the osmotic
regulation of the stomatal aperture and guard cell functioning are influenced by magnesium, potassium,
and nitrogen, which are frequently found in ant nest soils [64]. Enhanced stomatal conductance in
nutrientrich, biologically active soils promotes photosynthesis and increases plant resistance to abiotic
stress, particularly in the presence of fluctuating light or water conditions, according to recent studies
[75]. A strong stomatal regulatory mechanism that allows coriander plants to maximize carbon gain and
water use efficiency (WUE) is suggested by the higher gs values seen in plants grown in ant nest soil. As a
defense against dehydration, plants in control (non-nest) soil, on the other hand, probably had less water
available and less root-soil contact, which caused them to partially close their stomata. This reaction results
in decreased photosynthetic efficiency and growth, despite being advantageous for water conservation. In
conclusion, the observed enhancement of stomatal conductance in coriander plants grown on Camponotus
compressus nest soil underscores the role of ants as ecosystem engineers. By modifying the physical and
chemical properties of soil, ants indirectly influence key physiological traits like stomatal behavior, thereby
improving the plant's ability to regulate gas exchange and maintain metabolic activity under natural
conditions as shown in fig-24.

Fig 24: The graph illustrates stomatal conductance (gs) measured in mol H,O m™2 s™! in coriander plants
cultivated on Camponotus compressus nest soil and control soil. Plants grown on ant nest soil showed
significantly higher stomatal conductance, indicating enhanced gas exchange and better physiological
adaptation. Values are expressed as mean + standard error (SE), and statistical differences were assessed
using Duncan’s Multiple Range Test (p < 0.05).

4.0. Assessment of Chlorophyll-T in coriander plants grown in ant nest soil and soil without ant nest
Green plants' main pigment for photosynthetic processes, chlorophyll, is essential for absorbing light and
converting energy during photosynthesis. An essential physiological indicator of plant health,
productivity, and nitrogen status is total chlorophyll content (Chlorophyll-T), which is the sum of
chlorophyll a and b. The chlorophyll-T content of coriander plants (Coriandrum sativum) cultivated in
Camponotus compressus ant nest soil was considerably higher than that of plants grown in control (non-
nest) soil in the current study.
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Ant nest soil offers a number of ecological and biochemical benefits that are responsible for the observed
rise in total chlorophyll content. As ecosystem engineers, ants improve the nutrient status of soil by
accumulating organic matter, increasing microbial biomass, and improving moisture retention and
aeration [62] [67]. The biosynthesis of chlorophyll molecules depends on essential nutrients like iron,
magnesium, and nitrogen, which are better absorbed as a result of these modifications. A key component
of the chlorophyll structure is nitrogen, whose availability has a direct impact on the amount of
chlorophyll and photosynthetic efficiency [75]. Increased stomatal conductance, net photosynthetic rate,
and plant growth metrics like leaf area and biomass accumulation are all positively connected with higher
chlorophyll-T content [74]. In order to maximize carbon fixation and light harvesting, plants in nutrient-
rich soils—such as those modified by ant activity—tend to retain higher levels of chlorophyll. Furthermore,
a sufficient supply of magnesium, which is the central atom in the chlorophyll porphyrin ring and is
frequently found in ant nest soils, improves the stability and formation of pigments [64]. Additionally,
recent research highlights how biologically active soils help retain chlorophyll and slow down leaf
senescence. By regulating oxidative stress and enzyme activity, favorable soil conditions not only increase
pigment content but also prolong the functional lifespan of leaves [67]. This phenomenon was
demonstrated in the current study, where coriander plants grown in ant nest soils showed improved
morphological characteristics like more leaflets, larger leaf diameters, and greener leaves in addition to
higher chlorophyll-T levels. On the other hand, plants in control soil might have experienced nutrient
limitations, particularly a lack of nitrogen and magnesium, which resulted in decreased chlorophyll
synthesis, as they did not have the improved soil dynamics of ant nests. Additionally, these plants
displayed decreased vegetative growth and paler foliage, which suggested a direct physiological reaction to
unfavorable edaphic conditions. In summary, the high level of total chlorophyll found in coriander plants
cultivated in soil from Camponotus compressus ant nests highlights the important role that ant-mediated
soil enrichment plays in plant physiology. Ants' role in influencing above-ground plant function through
below-ground ecological engineering is highlighted by these increases in pigment concentration, which
directly support improved light utilization, photosynthetic efficiency, and overall plant vigour as shown
in fig-25.
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Fig 25: The graph represents the total chlorophyll content (mg/g fresh weight) in coriander plants
cultivated in Camponotus compressus ant nest soil and in control soil without ant nests. Plants in ant nest
soil exhibited significantly higher Chl-T levels, indicating improved chlorophyll biosynthesis and greater
photosynthetic pigment accumulation. Values are shown as mean + standard error (SE), and statistical
differences were determined using Duncan’s Multiple Range Test (p < 0.05).

4.1. Assessment of Chlorophyll-a in coriander plants grown in ant nest soil and soil without ant nest
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The main pigment in higher plants that absorbs light energy during photosynthesis is chlorophyll-a. By
mainly promoting the photochemical reactions in both Photosystem I and Photosystem II, it plays a
crucial part in transforming solar energy into chemical energy. Therefore, a plant's ability to
photosynthesize and its physiological state can be directly determined by its chlorophyll-a content [70]. In
the current study, the concentration of chlorophyll-a was significantly higher in coriander plants
(Coriandrum sativum) grown in soil from Camponotus compressus ant nests than in control (non-nest) soil.
Improved soil fertility, aeration, and microbial activity in the ant nest environment are probably the causes
of this increase. Ants are known to increase the availability of nutrients in the soil, especially iron,
magnesium, and nitrogen, which are essential for the biosynthesis of chlorophyll [62], [67]. The amount
of chlorophyll-a synthesized in plant tissues is largely determined by nitrogen, an essential part of the
chlorophyll molecule [75]. Another essential component is magnesium, which is found at the center of
the chlorophyll porphyrin ring. Ant nest soil's increased magnesium availability promotes the formation
of chlorophyll-a [64]. Increased light absorption efficiency is linked to higher levels of chlorophyll-a, which
raises the rates of transpiration, stomatal conductance, and net photosynthesis. Increased chlorophyll-a
content increases light use efficiency (LUE), especially in ideal soil conditions, according to a number of
recent studies [76] [77]. In the current analysis, coriander plants in ant nest soil showed superior
physiological performance as evidenced by accompanying measurements of PAR absorption, water
potential, and photosynthetic rate, in addition to having deeper green foliage, which is a sign of high
pigment density. Conversely, control plants showed reduced levels of chlorophyll-a, indicating less than
ideal soil nutrient conditions. Reduced photosynthetic efficiency and stunted morphological
characteristics, like smaller leaves, fewer leaflets, and pale colouring, were probably caused by this.
Chlorophylla is therefore an early indicator of soil quality and plant health in addition to being a
biochemical marker of photosynthetic potential. The findings of this study highlight how crucial ant-
mediated soil modification is for boosting pigment biosynthesis and, in turn, increasing plant vigor and
productivity in general as shown in fig-26.
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Fig 26: This graph illustrates chlorophyll-a concentration (mg/g fresh weight) in coriander plants grown
in Camponotus compressus ant nest soil and in control soil. A significant increase in Chl-a content was
recorded in plants grown in nest soil, suggesting enhanced photosynthetic potential due to better nutrient
availability. Data are expressed as mean + standard error (SE), with significance tested using Duncan’s

Multiple Range Test (p < 0.05).

4.2. Assessment of Chlorophyll-b in coriander plants grown in ant nest soil and soil without ant nest
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An essential component in broadening the spectrum of light wavelengths absorbed during photosynthesis
is the accessory light-harvesting pigment chlorophyll-b. As the main pigment in the reaction centers of
Photosystems I and II, chlorophyll-a (Chl-a) is complemented by chlorophyll-b, which absorbs light in the
red-orange and blue (approximately 455 nm) regions and transfers the energy to chlorophyll-a molecules
for effective photochemical activity [77]. The chlorophyll-b content of coriander plants (Coriandrum
sativum) cultivated in soil from Camponotus compressus ant nests was considerably higher than that of plants
grown in non-nest (control) soil in this investigation. Ant nest soil's enriched nutrient composition, which
includes greater amounts of magnesium, nitrogen, and trace metals like iron and manganese—all essential
for chlorophyll biosynthesis—is probably the cause of this increase [75]. The development of light-
harvesting complex (LHC) proteins, particularly LHCII, which serve as antennae around Photosystem 11,
is also intimately associated with chlorophyll-b [77]. Therefore, higher Chl-b content in experimental
plants might indicate better structural arrangement of these complexes, improving the overall efficiency
of energy transfer and light absorption. Additionally, plants grown in ant nest soil have higher levels of
chlorophyllb, which may indicate a more active synthesis of photosynthetic proteins and an adaptive
response to maximize light utilization in nutrient-rich microenvironments [64]. Furthermore, a stronger
and healthier physiological state is supported by higher chlorophyll-b, which is frequently correlated with
larger leaf area and thickness, both of which were seen in the experimental coriander plants. However,
the levels of chlorophyll-b were lower in control plants that were grown in regular soil that wasn't used
for ant nests. This implies that inadequate nutrient availability might restrict pigment biosynthesis, which
would therefore limit photosynthetic performance and growth by decreasing the plant’s capacity to
maximise light capture. When combined, the data support the notion that chlorophyll-b is a sensitive
measure of soil quality and the effectiveness of light harvesting. The beneficial role of ant-mediated soil
modification in enhancing photosynthetic pigment profiles and overall plant productivity is
demonstrated by the influence of Camponotus compressus nest soil on increasing chlorophyll-b content as
shown in fig-27.
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Fig 27: This graph shows the concentration of chlorophyll-b (mg/g fresh weight) in coriander plants
cultivated in Camponotus compressus ant nest soil versus standard control soil. Plants grown in ant nest soil
exhibited significantly higher Chl-b levels, indicating improved accessory pigment synthesis and enhanced
light-harvesting efficiency. Data are presented as mean * standard error (SE), with statistical significance
assessed using Duncan’s Multiple Range Test (p < 0.05).

5. CONCLUSION

The current study unequivocally shows that soils impacted by Camponotus compressus ant nests greatly
improve Coriandrum sativum plant growth and physiological performance. Plants grown in ant nest soil
consistently performed better than those grown in non-nest (control) soil across all measured parameters,
including morphological, biochemical, and physiological. Superior vegetative growth was demonstrated
by the experimental plants' improved root and shoot development, larger and more numerous leaves, and
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noticeably greener foliage. Significantly greater amounts of chlorophyll-a, chlorophyll-b, and total
chlorophyll were found in the plants grown in ant nests by biochemical analysis, indicating enhanced
pigment biosynthesis and light-harvesting ability. These plants showed increased stomatal conductance,
water potential, transpiration rates, and net photosynthetic rates, all of which are physiological markers
of improved hydration and metabolic efficiency. The idea that plants in nest soils face less environmental
stress is further supported by a concurrent drop in proline content. Because of the bioturbation, organic
debris accumulation, and microbial activity linked to ant behavior, soil analysis verified that ant nest soils
are enriched with essential macronutrients and micronutrients. Together, these results demonstrate how
Camponotus compressus functions as a natural ecosystem engineer, enhancing soil fertility and fostering
plant health. Strong evidence from this study suggests that using ant-modified soils as a low-cost,
sustainable way to raise crop productivity and soil quality in agroecosystems is possible. The wider
applicability of these findings to other crop species and ant genera may be investigated in future research.
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