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Abstract

Conservation agriculture (CA) holds promise for improving soil health and crop yields in the semi-arid tropics, particularly in regions of Tamil
Nadu, where rainfed agriculture is common. Studies emphasize the impact of conservation agriculture practices, such as minimum tillage and
residue management, on maize production in this region. Focusing on the optimal treatment of minimum tillage combined with an irrigation
water to cumulative pan evaporation (IW/CPE) ratio of 0.8, pre-emergence herbicide application, followed by one hand weeding and the
application of 100 % Recommended Dose of Fertilizers (RDF). Results indicate that this integrated approach significantly enhances various
growth parameters, notably plant height and Dry Matter Production (DMP), leading to substantial increases in maize yield. Comprehensive
analyses reveal that the specified combination not only improves the physical attributes of maize plants but also optimizes the nutrient
uptake efficiency, particularly in nitrogen, phosphorus and potassium. Statistical analysis using Principal Component Analysis (PCA)
demonstrates that this treatment yields the highest positive correlations with the measured growth traits and nutrient levels, suggesting its
effectiveness over alternative farming practices. The findings underscore the potential of these conservation practices to improve crop
resilience and productivity in the region, addressing the challenges posed by variable climatic conditions. By implementing this sustainable
agriculture framework, farmers can enhance maize productivity, thus contributing to food security while promoting environmental
sustainability in the semi-arid tropics. This research advocates for a broader adoption of such conservation agriculture strategies in similar
agro-ecological zones to maximize resource use efficiency and agricultural outputs, thereby improving farmer livelihoods and ensuring
sustainable maize production in Tamil Nadu.
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Introduction to ensure sustainable agricultural production and to improve the

. . . ) . livelihoods of farmers (1).
Conservation agriculture (CA) is being increasingly recognized as a

sustainable agricultural approach that can address the challenges The adoption of conservation agriculture practices in semi-
of climate change, declining soil health and water scarcity, arid regions can lead to several benefits, including improved soil
particularly in the vulnerable semi-arid tropics. In these regions, moisture retention, reduced soil erosion, enhanced soil organic
characterized by erratic rainfall, high temperatures and degraded ~ Carbon sequestration and increased nutrient availability (2).
soils, conventional agricultural practices often lead to soil erosion, ~ Minimum tillage, a key component of conservation agriculture,
reduced water infiltration and decreased crop yields (1). reduces soil disturbance, preserving soil structure and minimizing
Conservation agriculture, with its three core principles of minimum ~ Water loss through evaporation. Permanent soil cover, achieved
soil disturbance, permanent soil cover and crop diversification, ~through retaining crop residues or using cover crops, protects the
offers a pathway to improve soil health, conserve water and soil surface from erosion, moderates soil temperature and
enhance crop productivity (2). Maize (Zeamays L.) is a vital cereal ~ SUPPresses weed growth (1). Crop diversification, involving the
crop extensively cultivated and consumed worldwide, playing a cultivation of multiple crops in rotation or intercropping systems,
significant role in food security and industrial applications (3, 4). enhances biodiversity, improves soil health and reduces the risk of
Tamil Nadu, a state in southern India with substantial semi-arid ~ €rop failure (6). When implemented effectively, conservation
areas, relies on maize as a crucial crop for both human agriculture practices can lead to higher maize yields, improved
consumption and livestock feed (4). However, the productivity of water productivity and increased resilience to climate change in
maize in Tamil Nadu's semi-arid regions is often constrained by ~ the semi-arid tropics of Tamil Nadu (2). This approach can
climate variability, poor soil fertility and unsustainable farming contribute to climate change mitigation by reducing CO,
practices (5). Therefore, exploring and promoting conservation emissions through decreased diesel use and enhanced soil
agriculture practices for maize cultivation in these areas is essential ~ ©rganic carbon (2).
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Several studies have highlighted the potential of
conservation agriculture practices to enhance maize production
in semi-arid environments (7-9). For instance, research has
demonstrated that minimum tillage and residue retention can
significantly reduce runoff, increase soil moisture and improve
soil organic carbon content compared to conventional tillage
practices (1). Additionally, intercropping maize with legumes can
enhance nutrient availability, suppress weeds and increase
overall system productivity (6). The impact of climate variability
on maize yield in Tamil Nadu has been studied using panel
regression analysis, with results showing that high rainfall can
lead to increased maize yield, depending on temperature levels
during the northeast monsoon season (4). Furthermore, the
integration of organic and inorganic nutrient sources has been
shown to enhance maize growth and yield components, with the
highest grain yield achieved through the application of fish pond
silt and vermicompost along with the recommended dose of
NPK (10).

However, the adoption of conservation agriculture
practices in Tamil Nadu's semi-arid regions presents several
challenges(11, 12). Factors such as lack of awareness, limited
access to resources and socio-economic constraints can hinder
the widespread adoption of these practices (13). Additionally, the
effectiveness of conservation agriculture practices can vary
depending on soil type, climate conditions and management
practices (7). Therefore, it is crucial to identify appropriate
conservation agriculture practices that are tailored to the specific
conditions of the semi-arid tropics of Tamil Nadu and to address
the constraints that limit their adoption (1). Understanding
farmers’ perceptions and ensuring they receive adequate training
and support are also vital for the successful implementation of
sustainable agricultural methods (13). This necessitates a
comprehensive approach involving research, extension services
and policy interventions to promote the adoption of conservation
agriculture practices and ensure sustainable maize production in
the region (5).

This article aims to explore the impact of conservation
agriculture practices on maize production in the semi-arid
tropics of Tamil Nadu. It will review existing literature on the
effects of conservation agriculture practices, such as minimum
tillage, residue management and crop diversification on maize
yield, soil health and water productivity. The study will also
examine the challenges and opportunities associated with the
adoption of conservation agriculture practices in the region and
identify strategies to promote their wider implementation. By
synthesizing available information and highlighting successful
case studies, this article seeks to provide insights for researchers,
policymakers and farmers interested in promoting sustainable
maize production in the semi-arid tropics of Tamil Nadu.
Ultimately, the goal is to contribute to enhancing food security,
improving livelihoods and building resilience to climate change
in this vulnerable region through the adoption of conservation
agriculture practices (9).

Materials and Methods

The field experiments were conducted at the Agricultural College
and Research Institute, Tamil Nadu Agricultural University,
Madurai, to evaluate the effect of conservation agriculture
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practices on the growth and physiological parameters of maize.
The experimental field was in the Southern agro-climatic zone of
Tamil Nadu at 9°54’ N latitude and 78°54’ E longitude and an
altitude of 147 m above MSL. A mean annual rainfall of 848 mm
was distributed in 46 rainy days. The soil of the experimental site
is clay loam with 203.2, 16.7 and 419.6 kg available soil N, P,Os
and K0 ha. The pH of the soil was 8.0 with EC of 0.37 dS m-1
and with 0.48 % soil organic carbon.

The conventional tillage comprised of one disc ploughing,
two cultivators ploughing and one rotavator pass. Minimum tillage
plots were prepared with the help of a mulcher and one pass with
disc harrow, followed by one cultivator ploughing. The main and sub
-plots were formed with irrigation and drainage channels. Maize
hybrid CO H (M) 6 was used for the study. The experiments were laid
out in a split-plot design with three replications. The main plot
consisted of four treatments, conventional tillage with irrigation at
0.8 IW/CPE ratio (My), conventional tillage with irrigation at 0.6 IW/
CPE ratio (M), minimum tillage with irrigation at 0.8 IW/CPE ratio
(Ms), minimum tillage with irrigation at 0.6 IW/CPE ratio (M) and the
sub plot treatments consisted of six treatments viz, crop residue
mulch with 100 % RDF (Sy), crop residue mulch with 75 % RDF (S,),
pre emergence application of pendimethalin fb one hand weeding
along with 100 % RDF (Ss), pre-emergence application of
pendimethalin fb one hand weeding along with 75 % RDF (S4),
mechanical weeding twice with 100 % RDF (Ss), mechanical weeding
twice with 75% RDF (Ss). The PCA technique is a statistical method
often used to examine a group of correlated variables. A multivariate
statistical analysis method selects a smaller number of factors called
principal components from among the primary factors so that the
insignificant data are removed. The first basic component extracted
considers the largest amount of data scattered in the entire dataset.
This means that the first component is correlated with several
variables. The second extracted component has two important
features. First, this component considers the largest dataset that the
first component had not computed and second, it is not correlated
with the first component. In other words, regardless of the previous
component, each component describes a smaller variance by
passing from the initial component to the terminal components. The
first principal component always describes the maximum variance
and the last component describes the least variance.

One of the most practical statistical methods in data
analysis are ANOVA’s “variance analysis” technique. In this
method, the total variance of the data is divided into two or more
parts based on one or more factor variables. Based on tests
related to variance, groups can be tested for homogeneity or
heterogeneity. Tukey’s least real difference tests are also
famously used as a studentized statistic for all pairwise
comparisons between groups and matches the experimental
error rate with the collection error rate for all pairwise com
parisons. The first principal component always describes the
maximum variance and the last component describes the least
variance. A lot of information will not be lost by deleting the last
component. PCA in Excel using the XLSTAT statistical software
were used for the analysis in this study.

Results

The PCA resulted in the identification of traits, growth parameters
and soil enzymes, which are presented in Fig. 1, of different maize
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cultivation practices under the influence (tillage and irrigation
scheduling) and (weed and nutrient management). The results of
this PCA based on the correlation matrix indicated that the two
main principal components with eigenvalues more than 1
(eigenvalues > 1) were related to about 90 % of the total variation
in the traits. The first principal component (F1) had a significant
positive effect on plant height, DMP, yield, Nitrogen, phosphorus
and potassium. The second principal component (F2) had a
significant positive effect on SOC, urease, phosphatase and
dehydrogenase.

Based on this PCA, tillage practices and irrigation
scheduling were MsSshad a significant for the first principal
component (Fig. 1A). The biplot results (Fig. 1B) on the effect of
tillage practices and irrigation scheduling indicated that, with
weed and nutrient application, the values of the first principal
component have increased variation in the second principal
component have a significant on the effect of the Minimum
tillage + 0.8 IW/CPE ratio with pre-emergence application of
herbicide + fb one hand weeding +100 % RDF). Therefore, the
treatment MsS; increased the plant height, DMP, yield, nitrogen,
phosphorus and potassium compared to the treatment M,S;,
minimum tillage with irrigation at 0.8 IW/CPE ratio with pre-
emergence application of pendimethalin fb one hand weeding
along with 100 % RDF.

Discussion

The advancement of conservation agriculture practices within
the semi-arid tropics of Tamil Nadu has emerged as a vital
strategy for enhancing maize production while ensuring
sustainable agricultural practices in the face of climate variability
and limited natural resources. The focus of this research on the
optimal treatment combination of minimum tillage with 0.8 (IW/
CPE) ratio + pre-emergence application of herbicides, followed by
one hand weeding and the application of 100 % RDF reveals
significant improvements in plant height, DMP, yield and nutrient
status (nitrogen, phosphorus and potassium) in maize cultivation.

The implementation of minimum tillage, a cornerstone of
conservation agriculture, minimizes soil disturbance and
conserves soil structure. This practice is particularly beneficial in
the semi-arid tropics, where soil erosion and degradation can
severely limit agricultural productivity (14, 15). By reducing
compaction and enhancing aeration in the root zone, minimum
tillage promotes deeper root penetration and improves overall
root development. Consequently, maize plants manifest
enhanced plant height and robust vegetation since the preserved
soil structure significantly boosts the soil's water infiltration and
retention capacity (16). When coupled with a specified irrigation
strategy of 0.8 IW/CPE, this practice enhances water-use efficiency
by ensuring that crops receive the necessary moisture without
excessive irrigation applications (17). In regions prone to drought,
optimizing irrigation is critical as it reduces farmer reliance on
scarce water resources, thereby sustaining soil moisture levels that
are conducive to maize growth. This balanced approach allows
plants to access water during crucial growth phases, thereby
supporting increased plant height. Research indicates that optimal
moisture levels can enhance cell elongation and leaf area
expansion, ultimately contributing to improved photosynthetic
capacity and biomass accumulation (18).

The role of integrated weed management in this
treatment regimen cannot be overstated. The application of pre-
emergence herbicides significantly mitigates competition from
weeds, which are notorious for reducing crop yield by depleting
shared resources such as water and nutrients (19). By controlling
weeds proactively, these herbicides allow maize plants to
establish themselves effectively, leading to enhanced nutrient
uptake efficiency. The subsequent inclusion of one hand
weeding acts as a fail-safe measure, addressing any resistant
weed populations and bolstering the overall efficacy of the weed
control strategy (20). The application of 100 % RDF ensures that
maize plants receive an adequate supply of essential nutrients,
including nitrogen (N), phosphorus (P) and potassium (K).
Nitrogen is vital for vegetative growth as it significantly influences
the development of leaves and stems. Higher nitrogen
availability promotes chlorophyll synthesis, which is crucial for
photosynthesis, thereby leading to greater biomass production.
This impact is reflected in increased DMP, as nitrogen is directly
linked to the enhancement of primary metabolic functions in
plants (21). Phosphorus, on the other hand, is essential for root
development and energy transfer within the plant. Its application
enables maize plants to establish extensive root systems,
facilitating the absorption of water and nutrients from a larger
soil volume. The research findings indicate that enhanced
phosphorus levels correlate strongly with improved plant health
and vyield, particularly in nutrient-deficient soils, which are
common in semi-arid agricultural systems (22). Potassium plays
a multifaceted role in plant physiological processes. It regulates
stomatal opening, which in turn affects transpiration rates and
water use efficiency. Additionally, potassium influences enzyme
function and photosynthetic processes, further driving growth
and yield. The synergistic effects of balanced N, P and K nutrition
under the recommended fertilization scheme accentuate the
productivity of maize crops, as evidenced by the significant
increments in yields observed (23). The results of this PCA based
on the correlation matrix revealed that the first two principal
components with eigenvalues > 1 accounted for 92.79 % of the
total variation in traits. By illustrating the correlations between
the treatment components and the observed improvements in
maize growth metrics such as plant height, DMP and yield, PCA
confirms the practicality of adopting these integrated
approaches in sustainable agricultural practices. From an
ecological perspective, embracing conservation agriculture
practices, such as those examined in this study, contributes
significantly to soil health and environmental sustainability. By
minimizing soil disturbance, conserving moisture and optimizing
nutrient applications, these practices not only improve maize
productivity but also enhance the resilience of agricultural
systems against the adversities posed by climate change (24).
Moreover, the decrease in dependency on chemical inputs due to
effective weed management aligns with the principles of
sustainable farming by encouraging ecological balance and
promoting biodiversity within agroecosystems. As the climate
crisis  intensifies  global agricultural  challenges, the
methodologies explored in this research provide crucial insights
into sustainable farming practices tailored for farmers in Tamil
Nadu's semi-arid regions (24). This study not only verifies the
tangible benefits derived from a holistic approach to maize
production but also emphasizes the need for policy frameworks
that support the widespread adoption of conservation
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Fig. 1. PCA observation plot (A) and biplot (B) of the first two components performed on growth parameters and soil enzymes by different
(tillage and irrigation scheduling) and (Weed and Nutrient management) on maize. Plant Height, DMP, Yield, N (Nitrogen), P (Phosphorus), K
(Potassium), SOC (Soil organic compound), Urease, Phosphatase and Dehydrogenase.
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agriculture. Promoting training programs for farmers, coupled
with accessible resources forimplementing these practices, paves
the way for greater food security and socio-economic stability.

Conclusion

In conclusion, the findings from this study highlight the
powerful impact of conservation agriculture practices on maize
cultivation in the semi-arid tropics of Tamil Nadu. The
integration of minimum tillage, optimized irrigation strategies,
pre-emergence herbicide application, supplementary weeding
and balanced fertilization creates a robust framework for
enhancing agricultural productivity. As stakeholders in the
agricultural sector work towards sustainable solutions and
improved livelihoods, the adoption of these methodologies will
undoubtedly contribute to fostering a more resilient and
productive agricultural landscape in Tamil Nadu.
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