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Abstract

This study examines the use of biofertilizers and a particular metal complex to reduce cadmium
(Cd) stress in wheat (Triticum aestivum L.). The experiment, which was carried out using a
randomized block design (RBD), assessed a number of physiological and biochemical
parameters over 50 and 100-day growth intervals. These parameters included plant height, the
number of leaves and roots, total protein content (TPC), the concentration of total amino acids
(TAA), and catalase (CAT) activity. A common environmental contaminant, cadmium, was
added in amounts ranging from 0.1 to 0.5 mM. The findings demonstrated that rising Cd levels
considerably hampered plant metabolism and morphology, lowering growth markers and
protein synthesis while raising oxidative stress. However, by encouraging nutrient uptake and
antioxidant enzyme activity, biofertilizer treatments especially those that included nitrogen-
fixing bacteria like Azotobacter and Azospirillum significantly increased plant height, leaf and
root counts, and stress resilience. In a similar vein, applying a metal complex improved
biochemical indicators and offered moderate protection, but less successfully than biofertilizers.
While catalase activity dramatically increased in treated plants, suggesting greater oxidative
stress tolerance, total amino acids increased under stress, acting as osmoprotectants. Both
biofertilizer and metal complex interventions considerably reduced Cd-induced toxicity,
according to statistical studies. However, under Cd stress, biofertilizers continuously
outperformed metal complexes in the majority of metrics, exhibiting greater efficacy in
preserving structural integrity, metabolic function, and general plant health. In order to increase
food security and lessen reliance on chemical fertilizers, this study emphasizes the potential of
combining plant and microbial biotechnologies for sustainable crop development in
contaminated soils.

Key Words: Biofertilizers, Metal Complex, Triticum aestivum L., Heavy metal Stress,
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Introduction

Global agriculture is under unprecedented strain at this pivotal time due to the twin issues of
population growth and environmental degradation. With an estimated 10 billion people on the
earth by 2050, food security will become a worry. To sustainably meet these demands,
traditional farming practices must be fundamentally altered. One of the most exciting advances
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in modern agricultural biotechnology is plant tissue culture, which offers scalable methods to
improve genetic traits, increase crop yields, and protect endangered germplasms [1].

Plant biotechnology is based on the fundamental biological principle of natural growth, which
states that a single plant cell has the natural capacity to regenerate into an entire organism given
the right conditions. Numerous techniques, such as callus culture, somatic embryogenesis,
micropropagation, organogenesis and various techniques including molecular and genetic level
studies are made possible by this concept and are beneficial in a wide range of scientific and
industrial contexts [1,2]. Specifically, elite cultivars have been rapidly multiplied by the use of
micropropagation, particularly in commercially important crops like bananas, sugarcane, and
potatoes. These processes ensure the creation of uniform, disease-free plantlets while
maintaining genetic integrity [3]. Numerous plant biotechnology approaches are necessary for
genetic modification and secondary metabolite synthesis in addition to proliferation.
Researchers can add desired traits like increased nutritional value, pest tolerance, and drought
resistance by employing platforms like callus and suspension cultures and Agrobacterium-
mediated transformation or biolistics [4,5]. These developments are necessary to combat abiotic
stresses, which are posing an increasing threat to world agriculture. Abiotic stressors such
drought, high temperatures, salt, and heavy metal toxicity account for about half of agricultural
production losses worldwide [6]. Unlike biotic stressors, which are mostly caused by pathogens,
abiotic stressors are derived from environmental extremes that are often exacerbated by
industrialization and climate change. For example, it has been shown that heat stress
significantly reduces wheat yields by disrupting grain filling and reproductive development,
whereas salinity influences osmotic balance and nutrient intake [7, 8]. Moreover, heavy metals
including cadmium, copper, and cobalt have primarily invaded agricultural ecosystems and
developed into potent poisons through wastewater irrigation, industrial discharge, and overuse
of agrochemicals [8]. Among these toxic substances, cadmium (Cd) is particularly deadly.
Although it is prevalent at very low levels in biological systems, it can dramatically impair
germination, root elongation, photosynthesis, and biomass buildup in plants, even at low
concentrations [9-15]. Cadmium has phytotoxic effects that reduce yields and harm overall
plant health, including oxidative stress, membrane instability, and chlorosis [40, 42]. The
widespread uptake of Cd into the food chain also poses a risk to human and animal health, thus
prompt mitigation efforts are required [16—17]. In light of this, wheat (7riticum aestivum L.),
one of the most significant cereal crops worldwide, requires special attention. More than 237
million hectares are used to cultivate wheat, which provides 20% of human calories and is vital
to national economies and global food security, especially in countries like Pakistan [18-21].
However, its productivity is increasingly being jeopardized by environmental issues. In South
Asia, output decreases ranging from 11% to 44% have been caused by heatwaves above 30°C
during grain loading and droughts linked to erratic monsoons [22-23]. Even short-lived heat
spikes can mimic the long-term impacts of climate change, with a 1°C increase potentially
reducing grain yield per spike by 3-4% [24-26]. In light of these pressing concerns,
biofertilizers have emerged as a viable and ecological alternative to chemical fertilizers. These
biologically active inputs, which include beneficial strains of nitrogen-fixing and phosphate-
solubilizing microorganisms, enhance soil fertility and nutrient availability through associative
symbiosis [27]. Unlike conventional fertilizers, biofertilizers improve the uptake and
mobilization of nutrients instead of giving them directly, making crops more stress-tolerant
[28]. Additionally, they are necessary to boost rhizospheric microbial activity, which
strengthens plants' defenses against biotic and abiotic stressors [29]. However, the effectiveness
of these biotechnological solutions depends on careful research, effective policy
implementation, and public awareness. Problems like somaclonal variation, high operational
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costs, and a lack of technical expertise need to be fixed for broader use. Despite regulatory
frameworks that ensure the biosafety of genetically modified crops, public mistrust nevertheless
hinders their commercialization. Consequently, building trust through transparent
communication and scientific literacy is essential [30-31]. In conclusion, when paired with
molecular and microbial biotechnology, plant biotechnology offers a comprehensive strategy to
combat the increasing threats of abiotic stress, especially in staple crops like wheat. It allows
agriculture to meet the world's growing food needs while also safeguarding the environment and
public health. As the globe transitions to more resilient and sustainable food systems, continued
investment in plant biotechnology will be necessary to ensure a future free of food insecurity
[32].

Materials and Methods

The current investigation began in October 2024 and used a Randomized Block Design (RBD)
with three replications to ensure experimental robustness. The experimental setup included the
utilization of metal complex, biofertilizer injection, and cadmium (Cd) stress. The objective was
to assess the physiological and biochemical responses of wheat (7riticum aestivum L.) to
combination abiotic treatments.

Planting Materials and Setup

We bought certified wheat seeds from the Agricultural College of the University of Sargodha.
To ensure aseptic conditions, seeds were first rinsed with distilled water. Next, they were
surface sterilized with 1% sodium hypochlorite for two minutes. The seeds were thoroughly
cleansed with distilled water to remove any leftover chlorine, and then allowed to air dry at
room temperature for approximately an hour before being sown. To lessen cross-contamination
in each experimental unit, ten kg of nutrient-rich soil were put in pots spaced two feet apart.
Twelve seeds were sown four millimeters deep in each pot. Irrigation was applied shortly after
seeding to initiate germination.

Experimental Treatments

The experiment comprised three treatment categories:

1. Cadmium Stress: Fourteen days after seeding, five concentrations (0.1, 0.2, 0.3, 0.4, and 0.5
mM) were administered.

2. Biofertilizer Application: Nitrogen-fixing bacterial strains Azotobacter and Azospirillum
were added at a concentration of 10®* CFU/mL.

3. Metal Complex: A particular metal complex was introduced to the soil prior to seeding.
Plants were taken for physiological and biochemical analyses at two different growth
periods: 50 and 100 days after sowing (DAS).

Physiological Evaluations

In order to evaluate growth responses under different treatments, five essential physiological
characteristics were investigated:

Centimeters for the height of the plant, the number of leaves on each plant, the length of each
leaf, the number of roots, and the length of each root Measurements were taken using calibrated
rulers and standard counting techniques.

Biochemistry Analysis
A number of biochemical tests were used to determine the amounts of soluble proteins, the
concentrations of amino acids, and the activity of catalases.
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Quantification of Proteins

The total protein content was determined using the Bradford method. In summary, 0.2 g of fresh
plant tissue was homogenized using 0.6 mL of extraction buffer and centrifuged for 20 minutes
at 4°C and 11,500 rpm. The supernatant was further clarified by centrifugation at 4,000 rpm.
After mixing an aliquot (10 pL) with 290 pL of buffer and 5 pL of Bradford reagent,
absorbance at 595 nm was measured wusing a spectrophotometer [33, 34].
For enzyme extraction, 0.2 g of fresh tissue was crushed in liquid nitrogen, and then 1 mL of
Tris-HCI buffer (0.05 M, pH 7.5) was added. After centrifugation at 13,000 rpm for 20 minutes
at 4°C, the supernatant was reserved for enzymatic testing.

Extracting Proteins

0.1 g of polyvinyl polypyrrolidone (PVP) in 4 mL of phosphate buffer (0.1 M, pH 7.2) was used
to homogenize 2.0 g of callus tissue at a 1:2 (w/v) ratio. The homogenate was centrifuged at
14,000 rpm for 10 minutes at 4°C. The resulting supernatant was used for protein analysis.
Calculating the Soluble Protein Content
The amount of soluble protein was measured using the Biuret method. The experimental and
control reaction mixes were prepared as follows:
* One milliliter of the Biuret reagent (both) * One milliliter of pure water (for control alone) ¢
0.1 milliliters of the experimental protein extract
The tubes were incubated at room temperature for twenty-five minutes. An HITACHI U1100
spectrophotometer was used to detect the absorbance at 545 nm. Bovine serum used as the
protein standard. [35].

Calculation formula:

(CV x TE) / (Extract volume x Sample weight x 1000) is the total protein (mg/g tissue).
Content of Total Amino Acids

For measuring amino acids, a colorimetric method using 10% pyridine and 2% ninhydrin was
employed. The mixture contained one milliliter of callus/leaf extract, one milliliter of 2%
ninhydrin, one milliliter of 10% pyridine, and one milliliter of blank distilled water.

Absorbance was evaluated following the reaction [36-37].
Catalases
Activity of Catalase

Catalase activity was estimated by measuring the breakdown of H20: at 240 nm using the Sizer

and Beers method:

e Milliliters of 50 mM phosphate buffer, or Reagent A

e 2.9 milliliters of buffer (Reagent B) with 0.036% H20-

e Milliliters of the enzyme extract Reagent C A 60-second absorbance decline was observed
at 25°C.

The following formula was wused to calculate the catalase activity (units/mL):

Catalase 1s (3.45 x df) / (Min x 0.1).

Where:
The factor of dilution (df)

e Min is the absorbance drop time between 0.45 and 0.40 (measured in minutes).
3.45 = umol of H20: decomposed; 0.1 = mL of enzyme used [38-39].
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Analysis of Statistics

All of the data were statistically examined using Analysis of Variance (ANOVA). At a
significance threshold of P = 0.05, post-hoc comparisons were conducted using Duncan's New
Multiple Range Test (DNMRT). Mean values with different superscript letters were considered
significantly divergent within a column.

Results

Effect of Biofertilizer and Metal Complex on Plant Height of Wheat under Cd Stress

A thorough analysis of the effects of metal complex treatment, biofertilizer application, and
cadmium (Cd) stress on the plant height of wheat (7riticum aestivum L.) at 50 and 100 days of
growth is shown in Table 1. With steady declines seen at all time intervals, the findings
unequivocally show the negative effects of rising Cd concentrations on plant height. When
exposed to the maximum dosage of Cd (0.5 mM), plants' mean heights significantly decreased
to 24.1 cm at 50 days, while untreated control plants maintained a mean height of 28.6 cm. At
100 days, this pattern remained, with control plants growing to 38.2 cm while extreme Cd stress
caused them to barely reach 31.4 cm. Notably, the use of biofertilizers shown an impressive
ability to counteract the growth inhibition caused by Cd. When compared to plants exposed to
Cd alone, biofertilizer-inoculated plants continuously showed greater plant height throughout all
Cd treatments. For example, the biofertilizer treatment increased plant height to 32.1 cm (50
days) and 39.5 cm (100 days) at 0.1 mM Cd, surpassing both the metal complex-treated and Cd-
stressed groups. The positive effects of biofertilizers are probably due to their capacity to
stimulate root development, increase stress tolerance, and encourage nutrient uptake all of
which work together to maintain vegetative growth even in the face of heavy metal stress.
Similarly, although the effect was not as strong as that of biofertilizers, metal complex
supplementation helped to somewhat increase plant height. Although plants treated with metal
complexes grew taller than those treated with Cd alone at both time points, they usually did not
achieve the same growth as the biofertilizer group. The effectiveness of biofertilizer and metal
complex interventions in partially restoring growth parameters negatively impacted by Cd stress
is demonstrated by the statistical significance of these differences, which is supported by LSD
values. These results highlight how integrated stress management techniques might reduce
heavy metal toxicity in wheat production.

Table 1: Effect of Biofertilizer and Metal Complex on Plant Height of Wheat under Cd
Stress

Plant Height Plant Height

Metal (After 50 Days of Cd Stress) (After 100 Days of Cd Stress)
Treatment Cd Stress |Biofertilizer lé/[:lt;l[l)lex Cd Stress ||Biofertilizer lé/[(flt;]l)lex

IC [128.6=0.09¢f |[28.6+0.20b [[28.6+0.10ef |[38.2+0.48¢ |[38.2+0.8¢ [38.2+0.8a |
l0.1 1128.3£0.12¢d |[32.120.11bc |[30.940.12¢f |[35.7+0.4¢  |[39.5+0.74¢c |[38.7£0.74cd]|
l0.2 27.6£0.20a [[30.8+0.04f [29.7+0.05def|[34.3+0.48¢ |[39+0.74ab |[37.7+0.74de|
0.3 |26.6+0.08b |[29.2:+0.08de |[28.5+0.09¢f |[33.2+0.48¢d|[37.5+0.5¢d |[36.5+0.74cd|
0.4 125.120.04de|[28+0.14bc  [[27.3+0.06¢ef [32.5+0.4¢ |[36.2+0.74¢ |35.5+0.4ab |
0.5 1124.1:£0.14¢d |[26.5+0.07cd |[25.9+£0.10ef |[31.4+0.63¢ |[35.4+0.74cd |[34.3+0.4cd |
ILSD |l2.85 12.031 11.07 11.09 113.098 12.845 |
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Effect of Biofertilizer and Metal Complex on Leaf Number of Wheat under Cd Stress
Table 2 shows how the leaf number of wheat plants at two important growth stages—50 and
100 days post-sowing—is affected by cadmium (Cd) stress, biofertilizer application, and metal
complex supplementation. The results show that rising Cd concentrations significantly impede
leaf growth. The susceptibility of foliar growth to metal toxicity was demonstrated by the fact
that, at 50 days, plants exposed to the maximum Cd stress (0.5 mM) showed a dramatic drop to
3.6 leaves, whereas the control group averaged 8.3 leaves. In a similar vein, the control group
retained 13.9 leaves after 100 days, whereas the average number of leaves developed was only
8.5 due to heavy Cd exposure. The use of biofertilizers considerably reduced the quantity of
leaves at both time periods that were caused by Cd. Interestingly, plants treated with
biofertilizer at 0.1 mM Cd stress produced an average of 10.1 leaves at 50 days and 15.16 leaves
at 100 days, outperforming plants treated with metal complex and those under Cd stress. The
activation of plant growth-promoting rhizobacteria, which increase nutrient availability and
stress resilience, is probably the cause of the increase in leaf number in biofertilizer groups.
Although it continuously lagged behind the biofertilizer groups, the application of metal
complex also produced noticeable benefits when compared to Cd stress alone. For instance,
plants treated with the metal complex retained 6.8 leaves after 50 days and 13.16 leaves after
100 days at 0.3 mM Cd, suggesting a partial reduction in toxicity. The information shows a
steady pattern in which biofertilizers provide better protection for leaf development under Cd
stress, resulting in longer-term, more vigorous vegetative growth. Both biofertilizer and metal
complex interventions have the potential to mitigate Cd-induced impairment in wheat leaf
formation, a critical determinant of photosynthetic capacity and yield potential. The statistical
analysis, as reflected in the LSD values, validates the significance of these variations.

Table 2: Effect of Biofertilizer and Metal Complex on Leaf Number of Wheat under Cd

Stress
|Data Collected after S0 days of Sowing ||Data Collected after 100 days of Sowing |
Avg. Leaf] Avg. Leaf]
Avg. Leaf||Avg. Leaf| Avg. Leaf||Avg. Leaf|
1'}/[1*eet:tlment Number |[Number After g[ultnll)er After Number After|Number After 100 11\1(;10ml(;er ﬁftteli
After Cd|(Biofertilizer C:n? lex 100 days After||days Biofertilizer Com 11 );s eta
Stress Application Appl?ca tion Cd Stress Application Appl?ca tion
lc |[8.3+0.85b|[8.3+1.05a  |[8.3+1.20de |[13.9+1.11a  |[13.9+0.79b 13.90+040b |
0.1 TI05092 0141150 [0.120920  |13.55081¢  |[15.1650.58 14.5+0.24 a
0.2 l6.3+1.16 2][9.3+0.85a  |7.8+1.06c  |[11.940.75¢  [[13.83x1.14de  |[13.83x0.28a |
0.3 |l4.8+0.98 b|[7.8+1.01 b |l6.8:098d  |[11.5:072d  |[13.16+1.15de  |[13.16+029b |
0.4 l4.3£0.58 b|[7.120.85 b |[5.7£0.66 de  |[9.83+0.62de  [[12.1£1.07 ¢ [11.65:022b |
0.5 |3.6:0.72b][4.9+0.62b  [4.8+0.92de [[8.5:1.01de  |[10.83x0.72 ¢ 100140296 |
ILSD 13.77 1.776 |12.25 |13.74 ||2.886 |[2.998 |

Effect of Biofertilizer and Metal Complex on Root Number of Wheat under Cd Stress

The effects of metal complex application, biofertilizer inoculation, and cadmium (Cd) stress on
the number of roots in wheat plants at two growth stages—50 and 100 days after sowing—are
thoroughly evaluated in Table 3. The findings show a definite inverse relationship between root
growth and rising Cd contents. The negative effects of Cd on root system growth were
confirmed when plants exposed to the maximum Cd stress (0.5 mM) showed a drop to just 3.3
roots at 50 days, while the control group retained an average of 6.96 roots. At 100 days, this
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suppression remained, as the number of roots dropped to 7.1 under maximum Cd stress,
compared to 10.36 roots in the control. On the other hand, biofertilizer treatment greatly

improved root growth at all Cd levels. For example, plants fed with biofertilizer at 0.1 mM Cd

developed 7.8 roots at 50 days and an amazing 12.1 roots at 100 days, which is significantly
more than Cd-only treatments. This enhancement is a result of biofertilizers' ability to improve

root elongation, nutrient uptake, and oxidative stress tolerance, all of which help plants establish
and grow more successfully in challenging environments.

Root number was similarly

significantly impacted by metal complex supplementation, albeit less so. For instance, plants
treated with metal complex showed 6.6 roots at 50 days and 10.1 roots at 100 days at 0.2 mM
Cd stress, suggesting partial mitigation. Nevertheless, they continuously performed worse than
the biofertilizer group. Significant variations between treatments are shown by the statistical
robustness, which is validated by LSD values. Together, our results highlight how important a
robust root system is to maintaining plant health under Cd stress and show how effective
biofertilizers are at maintaining root architecture, which is closely linked to plant resilience and

vigor.

Table 3: Effect of Biofertilizer and Metal Complex on Root Number of Wheat under Cd

Stress
|Data Collected after 50 days of Sowing ||Data Collected after 100 days of Sowing |
Metal Avg. Root||Avg. Root|[Avg. Root|[Avg. Root Avg. Root After||Avg. Root After
Treatment|[Number |Number After|(Number  After{|Number Biofertilizer Metal Comblex
After Cd||Biofertilizer Metal Complex|(After Cd Application Aoplication P
Stress Application Application Stress PP pp
C S.96i0.39 7.16+0.39 ab 6.96+0.37 ab 10.36+0.59 a {|10.56+0.80 a 10.36£0.50 a
0.1 l6.5+0.23 ¢ |[7.8+0.22a  |[7.5:0.37 ¢ llo.5:0.45b  [[12.12038¢c  [[12.4+0.38 ¢
0.2 ;’3%0'56 7.1£0.32 a 6.6+0.39 ab 8.6£0.56 bc  |[10.8+0.52 a 10.1+0.81 ¢
0.3 :ﬁio'% 5.840.25 ¢ 5.5+£0.37 ab 8.5+0.33 bed |[10.5+0.29 be 9.1£0.71 a
0.4 |3.6:032a|5.1x025ab  |[5.3+0.41 b 8.1x036a ][0.4x043bc  |[1.520.22a |
0.5 3.3£0.38 ¢ |[4.5£0.24 ab  |l4.420.71 ab [7.1:031a  |[8.3:031a |[7.3£0.36 a |
ILSD |13.24 |2.332 |2.532 |I3.50 |2.530 |l2.931 |

Effect of Biofertilizer and Metal Complex on TAA contents of tissue Wheat (unit/mg of

tissue)

The effects of metal complex supplementation, biofertilizer treatment, and cadmium (Cd) stress
on the amount of total amino acids (TAA) in wheat tissues at 50 and 100 days post-sowing are
shown in Table 4. According to the research, TAA levels are significantly modulated in
response to Cd toxicity, and higher TAA content is often correlated with higher Cd
concentrations. At 50 days, plants under 0.4 mM and 0.5 mM Cd stress displayed noticeably
higher TAA contents of 52.1 and 49.4 units/mg, respectively, whereas control plants maintained
a baseline TAA content of 35.8 units/mg tissue. The highest TAA concentration (60.5-61.6
units/mg) was seen in plants under intermediate Cd stress, and this tendency was stronger after
100 days. It's interesting to note that under all stress conditions, plants treated with biofertilizer
continuously had greater TAA levels than the Cd-only and metal complex groups. For instance,
biofertilizer-treated plants outperformed the Cd and metal complex groups at 0.3 mM Cd,
recording 51.8 units/mg at 50 days and 57.6 units/mg at 100 days. The role that biofertilizers
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play in facilitating nitrogen uptake, stress signaling, and osmotic adjustment under heavy metal
stress is reflected in this increase in TAA content. Although not as significantly as biofertilizers,
the use of metal complexes also increased TAA levels. The increased buildup of amino acids
after metal complex treatment points to a metabolic adjustment that is stress-responsive and
intended to preserve osmotic equilibrium and protect cellular structures. The substantial
differences validated by LSD values support the varying effects of treatments. The application
of biofertilizer intensifies this response, underscoring its potential as a biotechnological strategy
for stress mitigation in wheat crops exposed to heavy metal contamination. Overall, the data
indicate that moderate Cd stress can cause amino acid accumulation as a defense mechanism.

Table 4: Effect of Biofertilizer and Metal Complex on TAA contents of tissue Wheat
(unit/mg of tissue)

|Data Collected after 50 days of Sowing ||Data Collected after 100 days of Sowing |
Total Total Amino||/Total Amino Total Amino

Metal Amino Acid Acid Total Amino||Total Amino Acid .

eta . . Acid Contents

Acid Contents Contents Acid Contents||Contents After

Treatment After Heavy
Contents ||After After Heavy||After Cd||Biofertilizer Metal
After Cd|(Biofertilizer |[Metal Stress Application Apbplication
Stress Application |[Application pp

C |35.8+1.09 a|[36.0:0.86 d  |[36.120.96 b  [[40.940.97 ¢  |[41.120.83 d |[41.3£1.01 ¢

0.1 ;‘2‘4*1‘13 42.55085b  |[41.760.71b  |[45.95126¢  |[46.5:0.93 ¢ 47.6£0.98 b

0.2 §6'7i1’23 46.8+0.82 a 46.7+0.74 a 50.6+£1.05 a 51.7£0.59 b 52.6t1.24 a

0.3 l47.121.15a|[51.8+1.19a  |[51.6+0.89b |[57.0+127b |[57.6+0.72a ||58.4+1.19 ¢ |

0.4 52.141.14 ¢|[52.7£1.15b  |[52.1£1.30 ¢ ||60.5£1.01d  ]|60.6+1.30 ¢ ll61.6+1.154d |

0.5 |l49.4+0.82 e|[50.6x1.11 ¢ |[50.1£1.27d  |[54.5£1.23 ¢ |[54.6+1.09 d |[55.541.31 ¢ |

ILSD |3.35 |[2.997 |[2.245 ||3.68 |[1.998 |12.986 |

Effect of Biofertilizer and Metal Complex on Total Protein Contents (TPC) of Wheat
(unit/mg of tissue)

The effects of metal complex supplementation, biofertilizer inoculation, and cadmium (Cd)
stress on the total protein content (TPC) of wheat tissues at 50 and 100 days after planting are
shown in Table 5. With steady decreases in TPC as Cd concentration increases, the results show
a clear detrimental impact of rising Cd levels on protein synthesis. The control group had the
maximum protein content (2.37 mg/g tissue) at 50 days, but protein levels were down to about
1.65 mg/g after exposure to the highest Cd concentration (0.5 mM). At 100 days, similar trends
were visible, with the protein content under the highest level of Cd stress remaining much lower
than the control. Applying biofertilizer dramatically increased TPC at all Cd stress levels,
demonstrating its protective function in preserving metabolic processes. For instance, plants fed
with biofertilizer had TPC values of 2.19 mg/g (50 days) and 2.39 mg/g (100 days) at 0.1 mM
Cd, which were quite similar to the control. This improvement is probably brought about by the
biofertilizers' capacity to improve oxidative damage mitigation, stress-responsive protein
upregulation, and plant nitrogen metabolism. In comparison to Cd-only treatments, plants
treated with metal complexes also showed a somewhat higher protein content. TPC values of
1.79 mg/g (50 days) and 2.23 mg/g (100 days) at 0.3 mM Cd were obtained by metal complex
supplementation, suggesting a partial reduction in the protein breakdown commonly linked to
heavy metal stress. LSD values showed that the observed differences were statistically
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significant. According to the research, biofertilizers successfully prevent the significant protein
loss caused by Cd stress, maintaining protein synthesis and accumulation. This emphasizes how
integrated stress management strategies, in particular the use of biofertilizer, can protect vital
metabolic functions in wheat under conditions of metal toxicity.

Table 5: Effect of Biofertilizer and Metal Complex on Total Protein Contents (TPC) of
Wheat (unit/mg of tissue)

Data Collected after 50 days of Sowing Data Collected after 100 days of Sowing

Total Total Protein Total. Total Total Protein Total.
Metal . Protein . Protein

Protein Contents Protein Contents
Treatment Contents Contents

Contents After After Metal Contents After After Metal

After Cd | Biofertilizer After Cd | Biofertilizer

Stress Application Complex Stress Application Complex

Application Application

C 2.37+0.0232 2.37+0.362 2.37+ 2.44+0.192 2.44+0.052 2.44+0.0392
0.1 1.99+0.004° 2.19+0.037° 2.08+0.042 2.29+0.04° 2.39+0.06° 2.35+0.026°
0.2 1.87+0.022Y 2.11+0.080° 2.05+0.16* 2.03+0.014° 2.34+0.03° 2.32+0.007°
0.3 1.77+0.027° 1.82+0.06° 1.79+0.10% 2.0+0.013Y 2.31+0.043° 2.23+0.010°
0.4 1.59+0.062° 1.66+0.024° 1.61+0.05% 1.75+0.069° 2.29+0.050° 2.21+0.002°
0.5 1.65+0.028Y 1.71+0.030° 1.67+0.05ab | 1.71+0.027° 2.25+0.031° 2.2+50°
LSD 0.812 1.365 2.098 1.071 1.421 0.653

Effect of Biofertilizer and Metal Complex on Catalase (CAT) Activity of Wheat (Units/ mg
of Protein)

The effects of metal complex supplementation, biofertilizer treatment, and cadmium (Cd) stress
on catalase (CAT) activity in wheat tissues at 50 and 100 days post-sowing are examined in
Table 6. A key component of the plant's defense against oxidative stress, catalase is an essential
antioxidant enzyme that breaks down hydrogen peroxide. The results show that CAT activity
gradually increases as Cd concentrations rise, indicating the metabolic reaction of the plants to
increased reactive oxygen species (ROS) levels brought on by heavy metal stress. Plants
exposed to the highest Cd stress (0.5 mM) showed noticeably higher CAT levels of 8.51
units/mg protein after 50 days, whereas control plants maintained a baseline CAT activity of
2.61 units/mg protein. Under extreme Cd exposure, this tendency accelerated by 100 days, with
CAT activity rising to 9.51 units/mg, highlighting the stress-dependent activation of antioxidant
defenses. Across all Cd treatments, plants treated with biofertilizer continuously showed
increased CAT activity. For instance, applying biofertilizer at 0.3 mM Cd produced CAT values
of 6.51 units/mg (50 days) and 7.11 units/mg (100 days), indicating improved mitigation of
oxidative stress. The biofertilizers' ability to increase systemic resistance and encourage the
production of antioxidant enzymes is probably what causes this enzymatic boost. Although
metal complex supplementation generally showed somewhat lower values than the biofertilizer
group, it also increased CAT activity in comparison to Cd stress alone. For example, metal
complex-treated plants showed moderate efficiency in reducing oxidative damage, with CAT
activity of 7.41 (50 days) and 8.21 (100 days) at 0.4 mM Cd. The important function of
antioxidant defense regulation during Cd stress is highlighted by the notable changes validated
by LSD values. These results imply that biofertilizers might greatly increase antioxidant
responses, more so than metal complexes, improving plant resistance to oxidative stress caused
by heavy metals.
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Table 6: Effect of Biofertilizer and Metal Complex on Catalase (CAT) Activity of Wheat

(Units/ mg of Protein)
Data Collected after 50 days of Sowing ]S)atz! Collected after 100 days of
owing
Catalases Catalases Catalases
Metal Catal - - Catal - Catal
Treatment Azclti/;;es i;ttlwty Activity Azt;;::;es Activity Azclt{a"{at;es
er After Metal After
After Cd Biofertili After Cd iofertili After Metal
Stress iofertilizer ||Complex Stress Biofertilizer Complex
Application |Application Application
IC 2.61£0.74% |[2.81£0.96>  |2.61£0.512 |[3.21+0.71¢ |[3.41+0.74> |[3.2120.31 |
0.1 13.91£1.56¢ ||4.1120.55® [3.91£0.232  |l4.51+1.18% |[4.71+0.70®> [4.51=0.66" |
0.2 [[5.01£0.74 |[5.21+0.86*  |[5.01:0.54+ |[5.61:0.60 |[5.81:1.81> |[5.61£0.56
0.3 l6.31£1.32: ||6.51£1.29® [[6.3120.77  ||6.91=0.67 |[7.11£0.85® |/6.91:0.49
0.4 |7.41£1.13¢ ||7.61+0.85 [[7.4120.59° ||8.21£1.32* |8.41£1.57* [8.2120.63" |
0.5 18.51:£0.822 |[8.71+0.72¢>  [18.51+0.75*  [9.51+0.66* |[9.71+0.51=  [9.51+0.29
ILSD |13.64 12.93 13.81 12.90 |12.86 11.99 |
Discussion

The highly hazardous and transportable heavy metal cadmium (Cd) is well known for
interfering with essential physiological and morphological characteristics in plants. Plant
growth and development have suffered greatly as a result of its anthropogenic buildup in
agricultural soils [40—44]. By examining a number of growth and biochemical indicators, the
current study investigated the detrimental effects of Cd stress on wheat (7riticum aestivum L.).
Plant height and leaf count were dramatically decreased by cadmium toxicity in a concentration-
dependent manner. The decrease is explained by interference with cell division and food intake,
as well as the inhibition of mitotic activity [45—47]. At increasing Cd concentrations (0.1-0.5
mM), wheat showed progressive decreases in plant height, leaf number, and root number, which
is consistent with earlier observations in other species like tomato and poplar [48—56]. The
stunted growth is in line with signs of heavy metal toxicity, such as oxidative stress that
prevents photosynthesis and decreased chlorophyll synthesis [57-59]. When exposed to Cd,
root development in particular was significantly inhibited. The root system's susceptibility to
heavy metal toxicity was further highlighted by the reduced root number and elongation that
were visible even at lower Cd concentrations [47, 53-55]. The idea of Cd-induced
morphological deterioration was supported by earlier researchers' reports of chlorosis, decreased
root elongation, and decreased biomass under Cd stress [50-51]. In terms of biochemistry,
wheat plants' total amino acid contents varied according to the degree of Cd stress. A brief rise
in amino acid synthesis was observed at lower values (0.1-0.3 mM), most likely as a stress
adaption reaction. At 0.4 and 0.5 mM, however, this trend reversed and a significant drop in
total amino acid levels was noted (Table 07), demonstrating the threshold at which Cd
irreversibly harms protein production and nitrogen metabolism [56-57]. Likewise, as Cd stress
increased, wheat plants' total protein levels decreased (Table 09). It is well known that cadmium
toxicity degrades membrane lipids and proteins by inactivating the functional groups of
enzymes and causing oxidative stress through reactive oxygen species (ROS) [57-59]. The
observed protein breakdown is consistent with research by Stoeva et al. (2003), which found
that plants exposed to Cd had reduced net photosynthetic rate, decreased protein synthesis, and

Volume: 3, No: 3

272

July-September, 2025




inhibited food transfer [59-60]. Hydrogen peroxide, superoxide anions, and hydroxyl radicals
are examples of heavy metal-induced ROS that can permanently harm biomolecules, such as
proteins and nucleic acids [61-67]. Wheat plants increased the activity of the heme-containing
antioxidant enzyme catalase (CAT) in response to oxidative stress. Plant cells are shielded from
oxidative damage by CAT, which breaks down hydrogen peroxide into water and molecular
oxygen [67—68]. An active defense response to rising ROS levels was demonstrated in this work
by the progressive increase in catalase activity with increasing Cd concentrations (Table 14).
Other plant species, including Vigna mungo L. and Zea mays, have also been found to have
increased CAT activity when exposed to Cd [67—68]. The use of biofertilizers was also studied
as a means of reducing harm caused by Cd. [69—71] Even under Cd stress circumstances, wheat
plants inoculated with beneficial microbial strains such Azospirillum brasilense, Bacillus
polymyxa, and Azotobacter chroococcum showed significant improvements in morphological
parameters, such as plant height, number of leaves, and number of roots. Growth hormone
production, increased food availability, and nitrogen fixation made possible by plant growth-
promoting rhizobacteria (PGPR) are probably the causes of this improvement [72—74]. Protein
and total amino acid levels were also positively impacted by the use of biofertilizer (Tables 08
& 10). Compared to plants exposed to Cd alone, inoculated plants exhibited considerably
greater levels of amino acids, indicating that biofertilizers can improve nitrogen metabolism and
amino acid production even in the presence of metal stress [75-78]. Furthermore, using
biofertilizers increased catalase activity, which helped to lessen the buildup of ROS and hence
mitigate oxidative damage [69—70, 78]. These findings highlight how biofertilizers protect crops
from heavy metal stress while also stimulating growth. By strengthening the antioxidant defense
system, especially CAT activity, and improving morphological and biochemical characteristics,
the beneficial microorganisms offered a long-term solution to combat Cd toxicity.

Conclusion

Wheat growth was adversely impacted by cadmium stress, which suppressed the total amino
acid and protein levels and decreased plant height, leaf number, and root number. Catalase
activity rose concurrently, indicating an oxidative stress reaction. The administration of
biofertilizer, however, greatly reduced these negative effects by encouraging growth and raising
the activity of antioxidant enzymes. According to these results, biofertilizers provide a
biologically sound way to reduce crop plants' exposure to heavy metals.
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