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Abstract

A field experiment was conducted at the AICRP on Management of Saline Water and Associated Salinization in Agriculture,
RVSKVYV, College of Agriculture, Indore, at Salinity Research Farm, Baphalgaon, Barwaha, District Khargone (M.P.), to
evaluate the effects of gypsum and Gliricidia sepium green leaf biomass on the growth and yield of wheat under sodic Vertisols.
The experiment was laid out in a split-plot design with three replications and comprised three levels of gypsum requirement (0,
50 and 75% GR) and three levels of Gliricidia biomass (0, 5 and 10 t ha!). The results showed that increasing levels of gypsum
and Gliricidia significantly improved plant population, plant height, number of tillers, dry matter accumulation, yield attributes,
and wheat yield. The 75% GR treatment recorded the highest plant population (130.0 m), plant height at harvest (89.1 cm),
tillers per plant (6.60), dry matter accumulation (22.73 g plant™'), grain spikes (19.8 plant), test weight (24.02 g), grain yield
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(3878.3 kg ha''), straw yield (5150.0 kg ha™'), and biological yield (9028.3 kg ha™'). Similarly, the application of 10 t ha™!
Gliricidia produced superior growth and yield parameters. The combined use of gypsum and Gliricidia was effective in
improving wheat productivity under sodic soil conditions. The study indicates that the integrated application of 75% gypsum
requirement together with 10 t ha™! Gliricidia biomass is a promising strategy for sustainable wheat production in sodic Vertisols
of the Nimar Valley.

Keywords: Wheat,; sodic Vertisols; gypsum requirement; Gliricidia sepium; green leaf biomass; soil amendment; crop growth;
grain yield.

1. Introduction

Wheat (Triticum aestivum L.) is one of the most important cereal crops worldwide and constitutes a major source of food, energy,
and nutrition for a substantial proportion of the global population. In India, wheat occupies a central position in the agricultural
economy and makes a major contribution to national food and nutritional security. However, wheat productivity is constrained by
several soil-related limitations, among which sodicity represents a particularly serious problem in many parts of the country. Sodic
Vertisols are typically characterised by high soil pH, elevated exchangeable sodium percentage (ESP), poor structural stability, low
permeability, restricted water infiltration, and reduced availability of essential plant nutrients, all of which adversely affect root
development and crop performance (Ali et al., 2025).

In the Nimar Valley region of Madhya Pradesh, the occurrence of sodic Vertisols poses a substantial challenge to sustainable wheat
production because of their unfavourable physical and chemical properties. Excessive accumulation of sodium on the soil exchange
complex promotes the dispersion of clay particles, resulting in the deterioration of soil structure, reduced porosity, poor aeration,
and diminished hydraulic conductivity. These changes restrict water movement and root penetration and can ultimately lead to
considerable reductions in crop productivity. Effective reclamation of sodic soils therefore requires appropriate soil-management
practices capable of improving their physical, chemical, and biological properties (Gupta & Abrol, 1990; Richards, 1954).

Among the various inorganic soil amendments available for sodic soil reclamation, gypsum (CaSOa4-2H-0) is widely regarded as
one of the most effective. Gypsum provides a readily soluble source of calcium, which replaces exchangeable sodium on soil
colloidal surfaces and facilitates the subsequent leaching of displaced sodium from the root zone. This process reduces soil pH and
ESP while improving aggregate stability, infiltration, permeability, and nutrient availability (Qadir et al., 2008; Sharma & Minhas,
2005). Although gypsum is highly effective in ameliorating the chemical constraints associated with sodicity, its capacity to
increase soil organic matter content or stimulate soil biological activity is relatively limited when it is applied alone.

Organic amendments therefore have an important complementary role in restoring soil fertility and sustaining crop productivity in
sodic environments. The incorporation of organic materials, including farmyard manure, vermicompost, compost, crop residues, and
green leaf biomass, can increase soil organic carbon, stimulate microbial activity, improve nutrient cycling, and enhance aggregate
stability (Choudhary et al., 2004). Organic inputs can also improve soil physical conditions by increasing water-holding capacity,
reducing bulk density, and promoting better root proliferation. Moreover, the decomposition of organic matter releases organic acids
and other metabolites that may contribute to reductions in soil alkalinity and improvements in nutrient availability. Previous studies
have demonstrated that organic amendments can facilitate the displacement of exchangeable sodium by calcium and enhance the
leaching of soluble salts, thereby contributing to the reclamation of sodic soils (Yadav et al., 2003).

Among potential organic resources, green leaf biomass from Gliricidia sepium has attracted considerable attention because of its
rapid decomposition, relatively high nutrient content, and capacity to improve soil fertility. Gliricidia biomass is particularly rich in
nitrogen and organic matter, and its incorporation into soil can stimulate microbial activity and accelerate nutrient mineralisation.
The addition of Gliricidia leaves may also increase soil organic carbon, improve nutrient cycling, and promote the formation and
stability of soil aggregates. When applied in combination with gypsum, Gliricidia biomass may provide complementary benefits by
improving calcium-mediated sodium displacement while simultaneously enhancing microbial processes and increasing organic
matter accumulation. Such combined effects may accelerate the restoration of favourable soil conditions in sodic Vertisols.

Integrated nutrient and soil amendment management is therefore considered a promising approach for improving nutrient
availability and reducing sodicity-related hazards. The combined application of organic and inorganic amendments can improve the
availability of major plant nutrients while contributing to reductions in sodium adsorption ratio (SAR) and residual sodium
carbonate (RSC), thereby creating a more favourable soil environment for crop growth (Yaduvanshi & Sharma, 2016). Soil-quality
indicators such as pH, electrical conductivity of the saturation extract (ECe), organic carbon content, available nutrients, soluble ion
concentrations, ESP, SAR, and RSC are important parameters for assessing the extent of soil degradation and the effectiveness of
reclamation measures.

Improvements in these soil properties through the integrated application of amendments can enhance root-zone conditions and
support better wheat growth, nutrient uptake, and yield. Consequently, sustainable management of sodic Vertisols requires an
integrated approach that combines the relatively rapid ameliorative effects of inorganic amendments such as gypsum with the
longer-term benefits of organic inputs. Such a strategy has the potential not only to reduce soil sodicity but also to improve soil
fertility, biological functioning, and overall soil quality, thereby supporting sustained wheat productivity under sodic soil conditions.
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Recent field evidence indicates that gypsum application can improve wheat growth, yield, and mineral nutrition under saline-sodic
conditions, while its integration with organic amendments can further support soil physical, chemical, and biological functions and
crop productivity (Morsy et al., 2022; Rashmi et al., 2024; Tian et al., 2024).

Studies from other salt-affected systems similarly indicate that combining gypsum with biochar, farmyard manure, and related
biological inputs can improve wheat performance in sodic soils, and that phosphogypsum can contribute to sodic-soil reclamation
and crop response (Chadha et al., 2025; Hasana, 2026).

Research gap: Although the available evidence supports integrated amendment strategies, the combined effects of graded gypsum
requirements and Gliricidia sepium green leaf biomass on wheat grown in sodic Vertisols of the Nimar Valley have not been
sufficiently characterised. Site-specific evidence is particularly limited for crop establishment, vegetative growth, yield attributes,
and yield under these conditions.

Objective: This study aimed to evaluate the individual and combined effects of three gypsum requirement levels and three Gliricidia
sepium green leaf biomass rates on the growth, yield attributes, and yield of wheat cultivated in sodic Vertisols of the Nimar Valley.

2. Methodology

The field experiment was conducted during the rabi season at the AICRP on Management of Saline Water and Associated
Salinization in Agriculture, RVSKVYV, College of Agriculture, Indore, Salinity Research Farm, Baphalgaon, Barwaha, District
Khargone (Madhya Pradesh). The experimental site is situated in the Nimar Valley region and is characterised by semi-arid climatic
conditions. The soil of the experimental field was a sodic Vertisol with a high soil pH, poor soil structure, low permeability, and
excessive sodium accumulation, all of which adversely affect crop growth and productivity. The experiment was laid out in a split-
plot design with three replications. The treatments consisted of three levels of gypsum requirement in the main plots, viz., 0% GR,
50% GR, and 75% GR, and three levels of Gliricidia green leaf biomass (0, 5, and 10 t ha!) in the subplots, resulting in a total of
nine treatment combinations. Each plot measured 5.5 m x 10 m. Gypsum was applied according to the prescribed treatments and
incorporated thoroughly into the soil before sowing. Gliricidia green leaf biomass was incorporated into the soil approximately
fifteen days before sowing to facilitate decomposition and nutrient release. Wheat was sown following the recommended agronomic
practices for the region. Uniform crop management practices, including irrigation, weed control, and plant protection measures,
were adopted in all treatments throughout the crop-growing period. Observations of crop growth parameters, such as plant
population, plant height, number of tillers per plant, and dry matter accumulation, were recorded at different growth stages. Yield
attributes, including the number of grain spikes per plant and test weight, were recorded at maturity. Grain yield, straw yield,
biological yield, and harvest index were determined after harvest. The experimental data were statistically analysed using a split-
plot design. The significance of treatment effects was tested by the F-test at the 5% level of significance, and critical differences
(CD) were calculated wherever treatment effects were significant.

3. Results and Discussion

3.1 Effect of Organic and Inorganic Amendments on Growth Parameters of Wheat

The growth parameters of wheat were significantly influenced by the application of gypsum and Gliricidia green leaf biomass. Plant
population increased with higher levels of both amendments. The highest plant population (130.0 m?) was recorded under 75%
gypsum requirement (GR), whereas the lowest (122.3 m™) was observed under 0% GR. Similarly, the application of 10 t ha™
Gliricidia recorded the maximum plant population (130.7 m). The improved plant establishment might be attributed to better soil
structure, enhanced moisture retention, and reduced sodium toxicity. Similar findings were reported by Sharma and Minhas (2005),
who observed that gypsum application improved soil physical properties and crop establishment in sodic soils.

Plant height increased significantly with increasing levels of gypsum and Gliricidia. The highest plant height at harvest (89.1 cm)
was recorded under 75% GR, while Gliricidia application at 10 t ha! produced the tallest plants (90.4 cm). The increase in plant
height may be attributed to enhanced nutrient availability and improved root growth under ameliorated soil conditions. These
findings are in agreement with those reported by Choudhary et al. (2004) and Cuevas et al. (2019), who observed significant
increases in plant growth following the combined application of organic and inorganic soil amendments.

The number of tillers per plant also increased significantly following amendment application. At harvest, the highest number of
tillers (6.60 plant') was recorded under 75% GR, while Gliricidia at 10 t ha™' produced 6.80 tillers plant™'. Improved tillering could
be attributed to increased nitrogen availability, better root proliferation, and enhanced nutrient uptake. Similar observations were
reported by Mahajan et al. (2008), who found that integrated nutrient management significantly improved tiller production in wheat.

Dry matter accumulation followed a similar trend. The highest dry matter accumulation (22.73 g plant™) was recorded under 75%
GR, while the application of 10 t ha'! Gliricidia resulted in the maximum dry matter accumulation (23.70 g plant). Enhanced
biomass production under integrated amendment application may be due to improved soil fertility and greater photosynthetic
activity. These findings corroborate those of Gheyi et al. (2022), who observed increased biomass accumulation in wheat following
the application of organic amendments along with chemical soil conditioners.

3.2 Effect of Organic and Inorganic Amendments on Yield Attributes

Yield attributes were significantly affected by gypsum and Gliricidia application. The number of grain spikes per plant increased
from 16.4 in the control to 19.8 under 75% GR. Likewise, Gliricidia application improved spike formation compared with the
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untreated plots. Improved spike production may be due to better nutrient availability throughout the crop growth period. Similar
results were reported by Yadav et al. (2003), who found that organic amendments improved reproductive growth and spike
development in wheat grown under problem soils.

Test weight also increased significantly following amendment application. The highest test weight (24.02 g) was recorded under
75% GR, while Gliricidia at 10 t ha! produced a test weight of 22.48 g. Improved grain development under integrated amendment
application may be attributed to enhanced nutrient translocation and efficient grain filling. Similar findings were reported by
Karforma et al. (2012), who observed increased test weight and grain quality due to organic matter incorporation and improved
nutrient availability.

3.3 Effect of Organic and Inorganic Amendments on Grain Yield, Straw Yield and Biological Yield

Grain yield increased significantly with increasing levels of gypsum and Gliricidia. The highest grain yield (3878.3 kg ha!) was
recorded under 75% GR, whereas the lowest yield (3230.0 kg ha') was observed in the control. Among Gliricidia treatments, 10 t
ha! produced the maximum grain yield (4030.0 kg ha™'). The increase in grain yield may be attributed to improved soil physical
conditions, enhanced nutrient uptake, and reduced adverse effects of sodicity. Similar results were reported by Qadir et al. (2008),
who demonstrated that gypsum application significantly improved wheat productivity through reclamation of sodic soils.

Straw yield and biological yield also increased significantly with amendment application. The highest straw yield (5150.0 kg ha™')
and biological yield (9028.3 kg ha!) were recorded under 75% GR. The application of 10 t ha' Gliricidia resulted in the highest
straw yield (5306.7 kg ha!) and biological yield (9336.7 kg ha™'). The increase in biomass production may be attributed to improved
soil fertility, increased microbial activity, and enhanced nutrient cycling. These results are consistent with the findings of
Yaduvanshi and Sharma (2016), who reported higher biomass production in wheat under integrated management of organic and
inorganic amendments in sodic Vertisols.

Table 1. Effect of organic and inorganic amendments on growth parameters and yields of wheat

Treatments Plant Population Plant height (cm) Number of tillers per plant  Dry matter
(m?) 30 60 At 30 60 At accumulation  at
DAS DAS harvest DAS DAS harvest harvesting stage (g)

Main plot: Gypsum application

GR 0% 1223 19.9 55.4 81.7 3.13 4.93 5.57 20.03
GR 50% 127.0 21.5 59.0 86.0 3.57 5.47 6.17 21.57
GR 75% 130.0 22.6 61.5 89.1 3.80 5.83 6.60 22.73
SEm + 0.14 0.02 0.06 0.09 0.003 0.005 0.005 0.02
C.D. at 5% 0.56 0.08 0.24 0.36 0.011 0.019 0.021 0.08
Sub plot: Gliricidia application

G1-0tha’ 122.3 19.5 54.5 80.6 3.00 4.73 5.40 19.27
G2-5tha’ 126.3 21.4 58.8 85.7 3.50 543 6.13 21.37
G3-10tha’ 130.7 23.1 62.6 90.4 4.00 6.07 6.80 23.70
SEm + 0.15 0.03 0.07 0.10 0.005 0.007 0.008 0.03
C.D. at 5% 0.45 0.08 0.22 0.31 0.014 0.022 0.024 0.08
Interaction: Gypsum x Gliricidia application

SEm + 0.26 0.05 0.13 0.18 0.08 0.012 0.013 0.05
C.D. at 5% 0.79 0.14 0.38 0.54 0.025 0.037 0.041 0.14

Table 2. Effect of organic and inorganic amendments on yield parameters and yields of wheat

Treatments Yield parameters and yield
Number of grain Test Grain yield (kg Straw yield (kg Biological yield Harvest
spikes™! weight ()  ha) ha™) (kg ha) index
Main plot: Gypsum application
GR 0% 16.4 20.62 3230.0 4483.3 7713.3 41.8
GR 50% 17.8 22.02 3606.7 4893.3 8500.0 424
GR 75% 19.8 24.02 3878.3 5150.0 9028.3 429
SEm + 0.02 0.02 34.85 47.92 82.76 -
C.D. at 5% 0.07 0.09 136.85 188.17 324.95 -
Sub plot: Gliricidia application
G1-0tha' 17.7 21.89 3110.0 4381.7 7491.7 41.5
G2-5tha’! 18.0 22.29 3575.0 4838.3 8413.3 42.5
G3-10tha’ 18.2 22.48 4030.0 5306.7 9336.7 43.1
SEm + 0.02 0.03 24.96 3333 58.27 -
C.D. at 5% 0.07 0.08 76.91 102.71 179.54 -
Interaction: Gypsum x Gliricidia application
SEm + 0.04 0.05 432 57.7 100.9 -
C.D. at 5% 0.11 0.14 133.2 177.9 310.9 -

548



Patle et al.; Int. J. Plant Soil Sci., vol. 38, no. 9, pp. 545-550, 2026, Article no.1JPSS.163842

Harvest index showed only slight variation among treatments, ranging from 41.5% to 43.1%. The highest harvest index was
recorded under 10 t ha! Gliricidia, indicating better partitioning of assimilates towards grain production. Similar observations were
reported by Ali et al. (2025), who found that integrated amendment application improved crop productivity and harvest efficiency in
sodic soils.

Overall, the present findings indicate that the combined use of gypsum and Gliricidia green leaf biomass significantly improved
wheat growth, yield attributes, and yield under sodic Vertisols of the Nimar Valley. The results are in close agreement with earlier
findings reported by Sharma and Minhas (2005), Qadir et al. (2008), Mahajan et al. (2008), Yaduvanshi and Sharma (2016), and
Gheyi et al. (2022), among other researchers working on sodic soil reclamation and integrated nutrient management.

4. Conclusion

The study indicates that both gypsum and Gliricidia sepium green leaf biomass improved wheat growth, yield attributes, and yield
under sodic Vertisols of the Nimar Valley. The 75% gypsum-requirement treatment recorded the highest values for major growth
and yield parameters among the gypsum treatments, while the 10 t ha™ Gliricidia treatment produced the best performance among
the organic amendment levels. These results suggest that combining inorganic reclamation through gypsum with organic biomass
addition can support wheat productivity in sodic soils. However, the recommendation of a specific treatment combination should be
supported by complete interaction means and economic analysis.

5. Limitations

The experiment was conducted at a single location during one rabi season, which limits the broader temporal and spatial
applicability of the findings. Complete gypsum-by-Gliricidia interaction means were not presented. In addition, treatment-wise
economic returns were not evaluated. Multi-season and multi-location validation, together with complete interaction and economic
analyses, is therefore required before making a definitive field recommendation.
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