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Abstract 

Enhancing crop productivity and sustainability is a critical priority in modern agriculture, particularly for 
leguminous crops such as soybean (Glycine max L.) and pigeon pea (Cajanus cajan L.), which play a 
vital role in global food security and soil fertility improvement. Accurate yield prediction models 
integrating multi-stage growth parameters can enable informed decision-making for crop management 
and resource optimisation. However, limited studies have simultaneously examined stage-wise 
parameter correlations, regression-based yield estimation, and sustainability metrics for these crops 
under varied treatments. This study aims to develop and evaluate multi-stage correlation matrices, 
regression models, and sustainability indices for soybean and pigeon pea yields using a 
comprehensive set of morphological and physiological parameters observed across key 
developmental stages. The parameters included seed yield (SY), dry matter (DM), plant height (PH), 
number of functional leaves (NFL), number of branches (NOB), leaf area (LA), number of pods (NOP), 
leaf area duration (LAD), pod weight (PW), number of seeds (NOS), seed weight (SW), test weight 
(TW), and harvest index (HI), with model performance evaluated using the coefficient of determination 
(R²) and prediction error (PE). Results revealed strong positive correlations between LA, NOP, PW, 
and SY in soybean, and between DM, NOP, and SY in pigeon pea at later growth stages, with 
regression models achieving R² values exceeding 0.90 for the best-performing treatments. 
Sustainability yield index (SYI) analysis indicated that specific treatments consistently maintained high 
yield stability across seasons. The findings conclude that integrating multi-stage growth parameters 
into regression models significantly improves yield prediction accuracy and aids in identifying 
treatments that enhance sustainability. The developed models can serve as decision-support tools for 
optimising crop management practices, and future research may extend this approach to other 
legume species and integrate remote sensing data for real-time yield forecasting. 

Keywords: Benefit-Cost Ratio; Correlation; Plant Parameters; Regression; Soybean Equivalent Yield; 
Strip Cropping; Sustainability Yield Index  

Introduction 

Soybean (Glycine max) is an essential crop due to its seeds' high oil and protein content, accounting 

for 56% of oilseed production worldwide. Globally, morethan340 million metric tonnes of soybeans 

were grown during 2016 (Cheng et al., 2018; Dreoni et al., 2022; Murithi et al., 2016; Wingeyer et al., 

2015). In the USA, 33 million ha of soybeans were harvested and subsequently sold for $41 billion, 

with value derived from their seed composition, 38% protein, and 18% oil. During 1961-2013, the 

global area under soybeans increased at an annual compound rate of 2.97%, while production 

increased by 4.46%. Soybeans account for 37.4% of global oilseed area and contribute 28% of 
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vegetable oil production (Colussi et al., 2022; Jin et al., 2025; Li et al., 2020; Stojšin et al., 2014). The 

adaptability of crops to the diverse agro-ecological environments of the tropics, subtropics, and 

temperate regions was responsible for their rapid spread across the globe. Soybean is a high-value 

nutrient crop that is major in addressing food and nutritional security problems (Elmerich et al., 2023; 

Ngalamu et al., 2023; Tsegaw et al., 2025). Soybeans have been a leading oilseed crop in India for 4 

decades since they were introduced for commercial cultivation. The crop share in total oilseed 

production increased from 5% in the 1980s to 37% recently. Soybean area increased from less than 

0.5% in the 1980s to 5% of the country's gross cropped area in 2011 due to economic superiority over 

other crops (Morales et al., 2021; Ramappa et al., 2022). In Kharif 2018, the soybean area in India 

was 111.31 lakh ha and produced a total of 132.68 lakh tonnes, with an overall productivity of 1,192 

kg ha-1. In this context, Maharashtra had a cultivation cover of 40.40 lakh ha and yielded 45.50 lakh 

tonnes, which corresponds to a productivity of 1,125 kg ha-1. (Nuthalapati et al., 2024; Prashnani et 

al., 2024).  

Cajanus cajan L. (pigeon pea) is an economically important legume grown and utilised in vast areas 

of the tropical and subtropical belt, and India is a major producer that contributes close to 90% of the 

world's output. Pigeon pea now ranks second among pulses with 4.42 million ha, with two-thirds 

grown in India (14.5% of all pulse-growing land), and the other third in the Sudan (3.7 million ha). The 

crop is largely used as dry-split dal, although several additional uses make use of different 

components of the plant. Pigeon pea is nutritionally very high in protein (20-22%); hence, it is a 

complement to cereal-based diets common in vegetarian diets (Haji et al., 2024; Mashifane et al., 

2024; Singh, 2016). It contains vital amino acids like lysine, tyrosine, and arginine, but cystine and 

methionine are present in a minimal form. Potassium, phosphorus, magnesium, calcium, and iodine 

are significant; iron and selenium are moderate, and zinc, copper, manganese, vitamin A, niacin, 

thiamine, and riboflavin are noted in small quantities in the seeds of pigeon pea. Pictorially, pigeon 

pea has a 23.3 per cent protein, 3.5 per cent minerals, and 57.6 per cent carbohydrate content to 

provide a total of about 335 kcal per 100 g of the consumable volume (Pranati et al., 2024; Saxena et 

al., 2020; Singh et al., 2020).  

The area under pigeon pea so far in India during the 2018 Kharif was 47.80 lakh ha, and the total 

production was 33.20 lakh tonnes, with the average yield being 751 kg ha-1. At the level of the 

country, the highest planted area (12.61 lakh ha), production (8.34 lakh tonnes), and productivity (662 

kg ha-1) were registered in Maharashtra. Increasing demand for agricultural products in the world 

necessitates intensification and improvement of techniques and better use of the input; hence it is 

becoming critical. One of the key factors of these efficiency improvements is mechanisation (Saxena 

et al., 2020). Strip intercropping, two or more crops each in parallel strips that allow each to be 

managed independently, although leaving them susceptible to agronomic interaction, offers another 

avenue (Awaad & El-Naggar, 2019; Juventia & van Apeldoorn, 2024; Te et al., 2023; Wang et al., 

2020). Strip cropping enhances resource partitioning maximally by manipulating the width and 

arrangement of stripes which results in the mechanical cultivation of fields, thus lowering interspecific 

competition and increasing yield, especially at the boundaries of fields (Cuperus et al., 2024; Juventia 

& van Apeldoorn, 2024). Technology is in a position to aid such patterns commercially in large 

territories as the capabilities of machinery continue to enable it (Rakotomalala et al., 2023). Correctly 

managed strip systems prove to be more profitable and conserve more soil and water than 

monoculture (Alarcón‐Segura et al., 2022). Zero tillage, residue retention, site-specific nutrient 

management, laser land levelling, rotation, rainwater harvesting, and off-season tillage, as well as 

contour farming and crop rotation, are generally observed integrated practices related to resource 

conservation, which are common to strip cropping. A mixture of plant species in neighbouring strips 

reduces wind and water erosion and neutralises nutrient leaching (Karas, 2020). Light dispersion 

modelling strategies of strip-cropping systems rely on the geometrical characteristics that include 

inter-row distance, row orientation, canopy height and width, solar angle, and leaf area distribution in 

the row to forecast the light variability that exists within the landscape (Oshunsanya et al., 2023; 

Siddoway & Barnett, 1976; Srivalai et al., 2025). 
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Verdelli et al. (2012) found that by utilising regular strip intercropping, a maize yield of 9765-11710 

kg/ha and 1527-1538 kg/ha of soybean with a soil equivalent ratio of 1.4 were attained. Grain yields 

were 12750 kg/ha in maize and 1650 kg/ha in soybean under regular strip intercropping (Verdelli et 

al., 2012). In the maize-soybean strip system, the prevention of continuous soil cultivation barriers and 

improvement of sustainable farmland production are due to alternative rotation between maize-

soybean strips compared with successive maize-soybean strip intercropping annually (Ali et al., 2022; 

Chen et al., 2023). Absorption of N, P, and K in maize yield increased by 7.5, 18.5, 9.1, and 14.2%, 

respectively, without significant changes in soybean yield of the maize-soybean strip alternative 

rotation (Guo et al., 2020). Additional soybean production was attained without affecting maize yield 

under intercropping, which adjusted high crop efficiency and sustainability (Raza et al., 2019). Strip-

cropping has reduced the thickness and biomass of weeds in beans while decreasing the quantity of 

weeds in maize. In both beans and maize, the impact of strip-cropping was marked in conditions of 

mechanical weed control (Berdjour et al., 2020; Nolla et al., 2018). The growing legume plants would 

increase soil fertility and health, while crops would keep soil integrity intact due to strip-cropping. 

Straw mulch would cover the soil, since cover crops would improve soil fertility and water-holding 

capacity (Glowacka, 2013; Raza et al., 2024). 

Recent advances highlight the value of integrative physiological, soil, and remote sensing approaches 

for yield prediction in legumes. Drone-derived NDVI at early lettuce heading explained 87% of yield 

variability and 77% of nitrogen status while effectively detecting flood-induced stress (Nakano et al., 

2026). In soybean, exogenous 24-epibrassinolide significantly enhanced SPAD, Fv/Fm, antioxidant 

enzyme activity, and stress-responsive gene expression under combined salinity and drought (Khan 

et al., 2026). Soil amendments such as 4.5% gyttja-derived biochar improved soybean biomass by 

84.9%, root length by 29.2%, and urease activity nearly twofold (Beyyavaş, 2025). Field studies in 

pigeon pea further demonstrated a 33.4% higher seed yield with transplanting and strong correlations 

between yield and pods per plant (r = 0.86) (Venkatesh et al., 2025), while multivariate soil analyses 

explained over 80% yield variability with robust regression fits (R² ≈ 0.68) (N L et al., 2023). 

Collectively, these findings underscore the importance of multi-parameter, data-driven frameworks for 

improving yield forecasting and management in soybean–pigeon pea systems. 

Murungu et al. (2011) indicated that strip intercropped crops attained lower biomass yields than single 

crops. The sole crop's highest biomass yield was achieved due to high crop density per unit area. The 

highest biomass was attained in the 3:2 strip pattern compared to 4:2 and 6:2 strip patterns. In strip 

intercropping, the biomass yield that would be realised if each system were used by farmers, 

compared to the sole crop cover crop biomass yield, was calculated based on the total crop biomass 

produced in the whole plot. Cover crop species affected final biomass yield when yield was compared 

on an equal area basis across strip-intercrop patterns. Less biomass yield under the 6:2 pattern may 

not make any meaningful contribution to the system's overall performance (Murungu et al., 2011).  

Despite numerous studies on soybean and pigeon pea productivity, most existing research focuses 

on isolated growth stages, single parameter yields associations, or general agronomic evaluations, 

without integrating multi-stage morphological and physiological data into predictive frameworks. 

Additionally, the sustainability aspects of yield stability under different treatments remain 

underexplored. To address these gaps, the present study aims to (i) analyse stage-wise correlations 

among key growth parameters, (ii) develop regression-based yield prediction models for soybean and 

pigeon pea, and (iii) assess the sustainability of yields across treatments using the Sustainability Yield 

Index (SYI). 

Materials and Methods 

Experimental Details 

An experiment was established in the kharif seasons of 2023 and 2024 at Parbhani, the soils of which 

were semi-arid vertisols, to study the effect of eight treatments based on different proportions of 

soybean (Glycine max L. cv. MAUS-162) and pigeon pea (Cajanus cajan L. cv. BDN-711) row ratios 
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on crop productivity, plant-level characteristics, and monetary returns. It was a three-replication 

randomised block study whose treatments were assigned randomly within each replication. The 

treatments tested were: (i) T1: Soybean: Pigeon pea strip of 6:3 rows; (ii) T2: Soybean: Pigeon pea 

Strip of 6:6 rows; (iii) T3: Soybean: Pigeon pea strip of 12:9 rows; (iv) T4: Soybean: Pigeon pea Strip 

of 12:12 rows; (v) T5: Soybean: Pigeon pea strip of 18:12 rows; (vi) T6: Soybean + pigeon pea (4:2) 

intercropping system; (vii) T7: Sole soybean; (viii) T8: Sole pigeon pea. The arrangement of the 

experiment used 54 plots of variable size that were arranged in three replications. 

Before sowing, a 15-20 cm deep ploughing was done with the use of a tractor-driven plough, followed 

by harrowing several times to get a fine tilth. Farmers ploughed down stubble left over by the previous 

crop. Seeds were sourced at the Seed Processing Plant, Vasantrao Naik Marathwada Krishi 

Vidyapeeth, Parbhani, and inoculated with the volume of Rhizobium spp. (250 g per 10 kg of seeds). 

Basal fertilizer quantities applied to soybean and pigeon pea were 30:60:30 NPK kg ha-1 and 25:50 

NP kg ha-1 using urea (46% N) and diammonium phosphate (18% N and 46% P2O5) and muriate of 

potash (60% K2O) as sources of nutrients. It was sown using a ferti-cum-seed drill at row x row 

spacings of 45 x 5 cm in soybean and 90 x 20 cm in pigeon pea on 27 June 2023 and 5 July 2024, 

respectively. 

One plot of five plants had been randomly tagged to observe biometric observations within the same 

crop development stage. Parameters sampled were plant height (cm), branches per plant -1, functional 

leaves per plant-1, leaf area per plant-1 (dm2), and total dry matter per plant-1 (g). The height of the 

plants was recorded by taking a measurement of the height of the plant to the tip of the plant from the 

ground at15-day intervals between 30 and 75 days after sowing (DAS) and 30-day interval between 

30 and 150 DAS in soybean and pigeon pea, respectively. At similar intervals starting 30 DAS in each 

crop, functional leaves that showed photosynthetic activity were counted. 

An example is a phenotyping study of soybean (Glycine max) and pigeon pea (Cajanus cajan), of 

which the number of branches per plant on the main stem was counted on five representative plants 

at 30, 45, 60, and 75 days after sowing (DAS) and at harvest in soybean and at 30, 60, 90, 120, and 

150 DAS and at harvest in pigeon pea. Components. To estimate the total dry matter per plant, one of 

the plants in the gross plot was chosen by a random method and pulled out, and each was separated 

into stem, leaves, and pods. These were air-dried first, then dry-oven at 60°C until a constant weight 

was attained; the dry weight of individual plants was recorded at the same respective times in the 

case of both soybean and pigeon pea. To estimate the leaf dry matter, leaves were removed from 

individuals of the uprooted sample plant and grouped into three sizes, namely small size, medium 

size, and large size. The count of the leaves of each category was taken. Each category of leaflet was 

identified, and one leaflet was randomly chosen and measured in cm in length and breadth. The leaf 

area was estimated by: 

La= Lx Bx Fx N 

Where La= Leaf area (cm2); L = Length of leaf (cm); B =  Breadth of leaf (cm); F= Leaf area constant: 0.79 
for Soybean and 0.81forpigeon pea (Krishnamurthy and Williams, 1974); N=Number of functional leaves. 

Leaf area/leaflets were d er i ved  in each category and then summed up. The number of pods/plants 

was counted from 60 days to harvest for soybean and 120 days for pigeon pea. Leaf area duration is 

a measure of the ability of a plant to produce and maintain leaf area during the crop growth period 

and is given as 
𝐿𝐴𝐷 = {(𝐿𝐴2  +  𝐿𝐴1) (𝑡2 −  𝑡1) }/ 2 

Where LA1and LA2 are leaf are as at t1 and t2, respectively. From 5 plants, the number of filled 

pods/plant was counted at harvest, and the mean number of pods/plants was derived. The pods were 

dried, weighed, and expressed as pod weight/plant. Seeds were dried, weighed, and expressed as 

pod weight/plant. A sample of 1000 seeds was taken from the seeds produced from each net plot, 

counted, and the weighted. Plants from each plot were harvested, and seeds were separated by 

threshing. After sun drying, the seed yield obtained in each net plot was weighed in kg and converted 

to kg/ha. Harvest index was derived as  
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Harvest index = [Seed yield (kg/ha)] / [Biological yield (kg/ha)] x 100 
where biological yield=seed yield + straw yield. 

Pigeon pea and soybean yields were converted to soybean equivalent yields based on the prevailing 

market price of crops. Soybean equivalent yield was derived as 

Soybean equivalent yield (kg/ha) = [Pigeon pea yield (kg/ha) x price (Rs/kg)] / [Soybean price (Rs/kg)] 

The gross monetary returns (Rs/ha) accrued due to different treatments were derived by considering 

the market prices. Each treatment's cost of cultivation (Rs/ha) was derived by considering the price of 

inputs, output, and other charges. The net monetary returns (Rs/ha) of each treatment were derived 

by deducting the cost of cultivation (Rs/ha) of each treatment from gross monetary returns (Rs/ha) 

attained from the respective treatments. Each treatment's benefit: The cost ratio (B:C) was derived by 

dividing the gross monetary returns by the cost of cultivation. 

Sustainability Yield Index (SYI): To assess yield stability and sustainability across treatments over the 

two experimental years (2023 and 2024), the Sustainability Yield Index (SYI) was calculated using the 

following formula: 

SYI =
𝑌‾ − 𝜎

𝑌max

 

where: 

𝑌‾= mean yield (kg ha⁻¹) of a given treatment across years, 

𝜎= standard deviation of yield (kg ha⁻¹) of the respective treatment across years, 
𝑌max= maximum yield (kg ha⁻¹) recorded among all treatments during the study period. 

The SYI value ranges between 0 and 1. Higher SYI values indicate greater yield stability and 

sustainability, as the index integrates both average productivity and inter-annual variability under 

different cropping systems. 

Statistical Analysis 

The experimental data were analysed using an analysis of variance (ANOVA) appropriate for a 

randomised block design. Treatment means were compared using the least significant difference 

(LSD) test at P ≤ 0.05. Correlation analysis was performed using Pearson’s correlation coefficient to 

examine relationships among growth and yield parameters. Regression analysis was conducted to 

develop predictive models for yield estimation. The significance of correlation coefficients was tested 

using the t-test, and regression models were evaluated through ANOVA. All statistical analyses were 

performed using SYSTAT Statistical Software, Version 13.2. 

Data Availability 

The datasets used and/or analysed during the current study are available from the corresponding 
author upon reasonable request. 

Results  

Correlation between different parameters of Soybean observed on various days after sowing 

The estimates of correlation between different parameters observed in soybeans when pooled over 

years are given in Table 1. Plant height had a significant correlation with (i) number of functional 

leaves (NFL), leaf area (LA), dry matter (DM) and leaf area duration (LAD) on 30, 45 and 60 DAS; (ii) 

LAD and number of branches (NOB) on 45, 60 and 75 DAS; (iii) number of pods (NOP) on 60 and 75 

DAS; and (iv) DM, NOP, PW, NOS, SW, TW, seed yield and HI at harvest. NFL had a significant 

correlation with (i) LA, DM, and LAD on 30, 45, and 60 DAS; (ii) NOB on 45, 60, and 75 DAS; and (iii) 

NOP on 60 and 75 DAS. NOB had a significant correlation with (i) LA, DM, and LAD on 45, 60, and 

75 DAS; and (ii) NOP on 60 and 75 DAS, while LA had a significant correlation with (i) DM and LAD 

on 30, 45, 60, and 75 DAS; and (ii) NOP on 60 and 75 DAS. DM had a significant correlation with (i) 

LAD on 30, 45 and 60 DAS; (ii) NOP on 60 and 75 DAS and at harvest; and (iii) PW, NOS, SW, TW, 

seed yield and HI at harvest, while NOP had a significant correlation with (i) LAD on 60 DAS, and (ii) 

PW, NOS, SW, TW, seed yield and HI at harvest. PW had a significant correlation with NOS, SW, 
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TW, seed yield, and HI, while NOS had a significant correlation with SW, TW, seed yield, and HI at 

harvest. SW had a significant correlation with TW, seed yield, and HI at harvest, while TW had a 

significant correlation with seed yield and HI, and seed yield had a significant correlation with HI at 

harvest. 

Table 1: Correlation between Different Parameters of Soybean Over the Years 

Parameter-1 Parameter-2 30 DAS 45 DAS 60 DAS 75 DAS Harvest 

Plant Height No. of functional leaves 0.916** 0.962** 0.941** 0.981**  

Leaf area 0.955** 0.967** 0.965** 0.991**  

Dry matter 0.956** 0.966** 0.960** 0.961** 0.978** 

Leaf area duration 0.949** 0.979** 0.932**   

No. of branches  0.909** 0.949** 0.930**  

No. of pods   0.959** 0.957** 0.970** 

Pod weight     0.950** 

No. of seeds     0.953** 

Seed weight     0.945** 

Test weight     0.795** 

Seed yield     0.942** 

Harvest index     0.824** 

No. of 
Functional 
Leaves 

Leaf area 0.939** 0.968** 0.988** 0.982**  

Dry matter 0.856** 0.954** 0.963** 0.977**  

Leaf area duration 0.915** 0.966** 0.949**   

No. of branches  0.932** 0.975** 0.966**  

No. of pods   0.972** 0.977**  

No. of 
Branches 

Leaf area  0.928** 0.982** 0.940**  

Dry matter  0.924** 0.970** 0.967**  

Leaf area duration  0.936** 0.969**   

No. of pods   0.969** 0.980**  

Leaf Area Dry matter 0.901** 0.973** 0.977** 0.971**  

Leaf area duration 0.989** 0.990** 0.952**   

No. of pods   0.985** 0.963**  

Dry Matter Leaf area duration 0.913** 0.979** 0.972**   

No. of pods   0.984** 0.957** 0.956** 

Pod weight     0.948** 

No. of seeds     0.976** 

Seed weight     0.974** 

Test weight     0.861** 

Seed yield     0.906** 

Harvest index     0.798** 

No. of Pods Leaf area duration   0.964**   

Pod weight     0.941** 

No. of seeds     0.908** 

Seed weight     0.905** 

Test weight     0.847** 

Seed yield     0.971** 

Harvest index     0.881** 

Pod Weight No. of seeds     0.928** 

Seed weight     0.912** 

Test weight     0.789** 

Seed yield     0.907** 

Harvest index     0.843** 

No. of Seeds Seed weight     0.996** 

Test weight     0.826** 

Seed yield     0.826** 

Harvest index     0.685** 

Seed Weight Test weight     0.850** 

Seed yield     0.818** 

Harvest index     0.682** 

Test Weight Seed yield     0.784** 

Harvest index     0.762** 

Seed Yield Harvest index     0.946** 

** indicates significance at 1% level  
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Correlation between different parameters of pigeon pea observed on various days after sowing 

The estimates of correlation between different parameters observed in pigeon pea when pooled over 

the years are given in Table 2. Plant height had a significant correlation with (i) number of functional 

leaves (NFL), leaf area (LA), dry matter (DM), and leaf area duration (LAD) on 30, 60, 90, 120, and 

150 DAS and at harvest; (ii) Number of branches (NOB) on 60, 90, 120 and 150 DAS and at harvest; 

(iii) Number of pods (NOP) on 120 and 150 DAS and at harvest; and (iv) PW, NOS, SW, TW, seed 

yield and HI at harvest. NFL had a significant correlation with (i) LA, DM, and LAD on 30, 60, 90, 120 

and 150 DAS and at harvest and 60 DAS; (ii) NOB on 60, 90, 120, 150 DAS and at harvest; (iii) NOP 

on 120 and 150 DAS and at harvest; (iv) PW, NOS, SW, TW, seed yield and HI at harvest. NOB had 

a significant correlation with (i) LA, DM, and LAD on 60, 90, 120, and 150 DAS and at harvest; (ii) 

NOP on 120, 150 DAS and at harvest; (iii) PW, NOS, SW, TW, seed yield, and HI at harvest. LA had 

a significant correlation with (i) DM and LAD on 30, 60, 90, 120, and 150 DAS and at harvest; (ii) NOP 

on 120 and 150 DAS and at harvest; and (iii) PW, NOS, SW, TW, seed yield, and HI at harvest. DM 

had a significant correlation with (i) LAD on 30, 60, 90, 120, and 150 DAS and at harvest; (ii) NOP on 

120 and 150 DAS and at harvest; (iii) PW, NOS, SW, TW, seed yield, and HI at harvest. NOP 

significantly correlated with (i) LAD on 150 DAS and at harvest; (ii) PW, NOS, SW, TW, seed yield, 

and HI at harvest. LAD significantly correlated with PW, NOS, SW, TW, seed yield, and HI at harvest. 

PW significantly correlated with NOS, SW, TW, seed yield, and HI at harvest. NOS significantly 

correlated with SW, TW, seed yield, and HI. SW had a significant correlation with TW, seed yield, and 

HI; while TW had a significant correlation with seed yield and HI, seed yield had a significant 

correlation with HI.    

Table 2: Correlation between Different Parameters of Pigeon Pea Over the Years 

Parameter-1 Parameter-2 30 DAS 60 DAS 90 DAS 120 DAS 150 DAS Harvest 

Plant height Number of 
functional leaves 

0.928** 0.976** 0.987** 0.960** 0.986** 0.967** 

Leaf area 0.938** 0.928** 0.987** 0.934** 0.977** 0.976** 

Dry matter 0.894** 0.949** 0.987** 0.990** 0.979** 0.957** 

Leaf area 
duration 

0.923** 0.937** 0.982**  0.942** 0.982** 

No. of branches  0.770** 0.956** 0.973** 0.965** 0.952** 

No. of pods    0.960** 0.958** 0.882** 

Pod weight      0.910** 

No. of seeds      0.909** 

Seed weight      0.913** 

Test weight      0.886** 

Seed yield      0.926** 

Harvest index      0.872** 

Number of 
Functional 
Leaves 

Leaf area 0.956** 0.944** 0.974** 0.912** 0.987** 0.960** 

Dry matter 0.974** 0.957** 0.978** 0.931** 0.986** 0.960** 

Leaf area 
duration 

0.945** 0.963** 0.974** 0.942** 0.963** 0.974** 

No. of branches  0.832** 0.956** 0.949** 0.963** 0.966** 

No. of pods    0.929** 0.978** 0.882** 

Pod weight      0.906** 

No. of seeds      0.889** 

Seed weight      0.856** 

Test weight      0.789** 

Seed yield      0.959** 

Harvest index      0.905** 

No. of 
Branches 

Leaf area  0.908** 0.936** 0.952** 0.977** 0.976** 

Dry matter  0.840** 0.944** 0.961** 0.967** 0.973** 

Leaf area 
duration 

 0.893** 0.955** 0.978** 0.976** 0.981** 

No. of pods    0.985** 0.967** 0.917** 

Pod weight      0.932** 

No. of seeds      0.921** 

Seed weight      0.911** 

Test weight      0.853** 
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Seed yield      0.915** 

Harvest index      0.913** 

Leaf Area Dry matter 0.907** 0.929** 0.982** 0.909** 0.987** 0.964** 

Leaf area 
duration 

0.993** 0.987** 0.995** 0.989** 0.982** 0.994** 

No. of pods    0.973** 0.969** 0.912** 

Pod weight      0.914** 

No. of seeds      0.924** 

Seed weight      0.922** 

Test weight      0.879** 

Seed yield      0.918** 

Harvest index      0.889** 

Dry Matter Leaf area 
duration 

0.900** 0.932** 0.978** 0.957** 0.955** 0.979** 

No. of pods    0.950** 0.953** 0.853** 

Pod weight      0.875** 

No. of seeds      0.863** 

Seed weight      0.864** 

Test weight      0.810** 

Seed yield      0.893** 

Harvest index      0.859** 

No. of Pods Leaf area 
duration 

    0.970** 0.895** 

Pod weight      0.982** 

No. of seeds      0.975** 

Seed weight      0.935** 

Test weight      0.886** 

Seed yield      0.887** 

Harvest index      0.891** 

Leaf Area 
Duration 

Pod weight      0.911** 

No. of seeds      0.915** 

Seed weight      0.915** 

Test weight      0.864** 

Seed yield      0.919** 

Harvest index      0.884** 

Pod Weight
  

No. of seeds      0.978** 

Seed weight      0.938** 

Test weight      0.893** 

Seed yield      0.897** 

Harvest index      0.878** 

No. of Seeds Seed weight      0.948** 

Test weight      0.908** 

Seed yield      0.880** 

Harvest index      0.885** 

Seed Weight Test weight      0.982** 

Seed yield      0.818** 

Harvest index      0.844** 

Test Weight Seed yield      0.759** 

Harvest index      0.788** 

Seed Yield Harvest index      0.946** 
** indicates significance at 1% level  

Regression models of soybean yield through different parameters observed on various days after 
sowing 

The multi-year treatment data were pooled together, and several regression models were then made 

to predict soybean seed yield on the basis of many of the parameters of plant growth. Table 3 shows 

the models, along with their coefficients of determination (R2), prediction errors (PE), and yield indices 

of sustainability (SYI). SYI has been estimated in each model as a ratio of the average value of 

treatment yield over the years minus the PE, which can be developed in the specific model, while the 

maximum yield attained by any treatment in the study was divided. The model that included the 

heights of the plants at 30, 45, 60, and 75 DAS and the yields reported has an R2 of 0.953, a PE of 

52.31 kg/ha, and an SYI of 67.6%. An R2 = 0.921, PE = 63.93 kg ha-1, and SYI = 66.9% were 



Dhale et al. 
Int J Adv Life Sci Res. Volume 9(2) 84-99 

92 

produced with the model based on the number of functional leaves at 30, 45, 60, and 75 DAS. The 

model attains a similar performance in the case of the number of branches at 45, 60, and 75 DAS with 

an R2 of 0.907, PE of 65.85 kg ha-1, and SYI of 66.7%. The developed model exhibited the highest R² 

(0.974) and the lowest prediction error (36.46 kg ha⁻¹), with an SYI of 68.6%, based on leaf area 

measurements at 30, 45, 60, and 75 DAS. In this model, leaf area at 30 and 75 DAS showed a strong 

negative influence on yield, whereas leaf area at 45 and 60 DAS had positive effects. 

At 30, 45, 60, and 75 DAS, harvest dry matter gives R2 = 0.869, PE = 87.30 kg ha-1, and SYI = 65.4 

%, whereas for the model based on 60 and 75 DAS and, at harvest, pod numbers, R2 = 0.946, PE = 

50.20 kg ha-1, and SYI = 67.8 %. In the latter model, there is a strong positive association between the 

pod counts during harvest and the yield. Throughout the calibration steps, the SYI was 65.4% (in dry 

matter) to 68.6% (leaf area), and the PE was 36.46 kg ha-1 (leaf area) to 87.30 kg ha-1 (dry matter). 

Table 4 contains model performance per growth stage, in values of R2, PE, and SYI. At 30 DAS, the 

model with plant height and the number of functional leaves, leaf area, dry matter, and leaf area 

duration has an R2 of 0.937%, PE of 60.66 kg ha-1, and SYI of 67.1%. An inclusion of a number of 

branches at 45 DAS results in an increase in the degree of predictability, R2 = 0.987, lowest PE 

(28.93 kg ha-1), and highest SYI (69.1%). Leaf area at 45 DAS makes a highly significant negative 

contribution, and the importance of leaf area duration is highly positive. The parameter set, including 

plant height, number of functional leaves, area of leaves, dry matter, area of leaves period, number of 

branches, and the amount of pods produced, had R2 = 0.983, PE = 36.56 kg ha-1, and SYI = 68.6% at 

60 DAS. At 75 DAS, the same parameter set corresponds to R2 = 0.951, PE = 62.02 kg ha-1, and SYI 

= 67.0%, and plant height had a significant positive effect. 

Table 3: Regression Models of Seed Yield of Soybean Through Different Parameters 

Parameter Regression Model R2 PE SYI 

Plant height on 30, 
45, 60, 75 DAS and 
at harvest  

SY = -1937.94** + 69.18 (PH 30) + 32.41 (PH 45) – 30.28 
(PH 60) + 48.87 (PH 75) – 14.57 (PH AH) 

0.953** 52.31 67.6 

No. of functional 
leaves on 30, 45, 
60, and 75 DAS  

SY = -157.03 + 50.09 (NFL 30) + 71.39 (NFL 45) – 44.38 
(NFL 60) + 55.22 (NFL 75) 

0.921** 63.93 66.9 

No. of branches on 
45, 60, and 75 DAS 

SY = 456.98** + 150.78* (NOB 45) – 12.75 (NOB 60) + 62.71 
(NOB 75) 

0.907** 65.85 66.7 

Leaf area on 30, 
45, 60, and 75 DAS 

SY = 97.92 + 121.36** (LA 30) – 12.45 (LA 45) – 43.15 (LA 
60) + 74.84** (LA 75) 

0.974** 36.46 68.6 

Dry matter on 30, 
45, 60, 75 DAS and 
at harvest 

SY = 289.31 + 35.74 (DM 30) + 36.55 (DM 45) + 45.11 (DM 
60) – 53.96 (DM 75) + 40.82 (DM AH) 

0.869** 87.30 65.4 

No. of pods on 60, 
75 DAS, and at 
harvest 

SY = -811.94** + 20.08 (NOP 60) – 40.03 (NOP 75) + 89.20* 
(NOP AH) 

0.946** 50.20 67.8 

PH, NFL, LA, DM, 
LAD on 30 DAS 

SY = -98.65 + 31.83 (PH 30) + 21.11 (NFL 30) + 100.01 (LA 
30) – 18.89 (DM 30) + 1.57 (LAD 30) 

0.937** 60.66 67.1 

PH, NFL, NOB, LA, 
DM, LAD on 45 
DAS 

SY = 795.15* - 20.28 (PH 45) – 36.79 (NFL 45) + 47.32 (NOB 
45) – 57.44* (LA 45) + 29.12 (DM 45) + 14.33** (LAD 45) 

0.987** 28.93 69.1 

PH, NFL, NOB, LA, 
DM, NOP, LAD on 
60 DAS 

SY = -1089.49* + 7.34 (PH 60) + 43.50 (NFL 60) + 9.49 (NOB 
60) – 232.92** (LA 60) – 27.82 (DM 60) + 107.02 (NOP 60) + 

13.61 (LAD 60) 

0.983** 36.56 68.6 

PH, NFL, NOB, LA, 
DM, NOP, LAD on 
75 DAS 

SY = -2567.01* + 71.82* (PH 75) – 64.42 (NFL 75) – 2.62 
(NOB 75) – 111.85 (LA 75) – 3.82 (DM 75) + 68.01 (NOP 75) 

+ 2.25 (LAD 75) 

0.951** 62.02 67.0 

PH, DM, NOP at 
harvest 

SY = -1375.39** + 16.76 (PH AH) – 35.67 (DM AH) + 76.53** 
(NOP AH) 

0.953** 46.68 68.0 

PW, NOS, SW, 
TW, HI at harvest 

SY = -2165.70 – 69.76 (PW) + 38.79 (NOS) – 77.47 (SW) – 
37.67 (TW) + 132.86** (HI) 

0.967** 43.65 68.2 

** indicates significance at 1% level. SYI: Sustainability yield (%)R2: Coefficient of determination; PE: Prediction 
error (kg/ha); SY: Seed yield (kg/ha); DM: Dry matter; PH: Plant height (cm) ; NFL: No. of functional leaves; 
NOB: No. of branches; LA: Leaf area; NOP: No. of pods; LAD: Leaf area duration; PW: Pod weight; NOS: No. of 
seeds; SW: Seed weight; TW: Test weight; HI: Harvest index (%); AH: At harvest 



Dhale et al. 
Int J Adv Life Sci Res. Volume 9(2) 84-99 

93 

During the harvest, the model using plant height, dry matter, and the number of pods captures R2 = 

0.953, PE = 46.68 kg ha-1, and SYI = 68.0%. R (2) = 0.967, PE = 43.65 kg ha-1, and SYI = 68.2% are 

obtained using the model that applies the pod weight, the number of seeds, seed weight, test weight, 

and harvest index. In this latter model, pod number and harvest index have a strong positive effect on 

yield. The highest SYI system value is 67.0% (75 DAS), and the lowest value is 69.1% (45 DAS) with 

corresponding values of 28.93 kg ha-1 (45 DAS) and 62.02 kg ha-1 (75 DAS), respectively, which 

results in an average of 52.90 kg ha-1 at all the calibrated models. 

Regression models of pigeon pea yield through different parameters observed on various days after 

sowing 

Based on the pooled multi-year treatment data, regression models were adjusted, and the models 

estimated the pigeon pea seed yield using some of the parameters related to plant growth. The 

efficacy of models was calculated as the coefficient of determination (R2), prediction error (PE), and 

the sustainability yield index (SYI). Table 4 provides the evaluations. 

A model that included plant height measured at 30, 60, 90, 120, and 150 DAS and at harvest had R = 

0.922; the PE equation was 74.50 kg ha-1, and the SYI equation was 62.7 per cent. The model that 

used the number of functional leaves measured at similar time intervals yielded R2 = 0.949, PE = 

60.46 kg ha-1, and SYI = 63.7 per cent. Especially, the predictive power of the model based on the 

number of branches assessed at 60, 90, 120, and 150 DAS and at the harvest (R2 = 0.904, PE = 

77.47 kg ha-1, SYI = 62.5%). Leaf area measured at the same times returned R2 = 0.953, PE = 58.21 

kg ha-1, and SYI = 63.9%, respectively. 

Single-parameter performance of DM measured at days 30, 60, 90, 120, and 150 DAS and harvest 

produced the biggest R2 (= 0.979), PE (= 38.46 kg ha-1), SYI (= 65.3%). A model, incorporating pod 

number measured at 120 and 150 DAS, and at harvest, resulted in intermediate predictive power (R2 

= 0.837, PE = 90.32 kg ha-1 number of pods per 1 extmentre-1, SYI = 61.6%). In this model, DM t30 

DAS and DM at harvest were the only measurements that had a significant positive influence on yield. 

Additional advances came along with multiparameter modelling. Plant height, functional leaves, leaf 

area, DM, and leaf area duration (LAD) at 30 DAS explained 0.940 of the R2, 61.29 kg ha-1 PE, and 

63.7% SYI. The number of branches was subsequently added, leading to improvement of model 

performance results to R2 = 0.976, PE = 41.10 kg ha-1, and SYI = 65.1% with plant height at 30 and 

60 DAS and their branches at 60 DAS showing significant positive influences. 

High predictability was maintained at points in the midseason growth stages. The model with the 

number of functional leaves, leaf area, DM, LAD, branches, and the height of the plants had R2 = 

0.948, PE = 61.11 kg ha-1. In a model that includes pods at 120 DAS, predictability was further 

supported (R2 = 0.984, PE = 36.62 kg ha-1, SYI = 65.4%). In this case, functional leaves and leaf 

areas indicated a significant negative relationship, whereas branches and LAD indicated a positive 

influence. The same set of parameters yielded 150 DAS and R2 = 0.976, PE = 44.98 kg ha-1, and SYI 

= 64.8 per cent. 

Those based on harvest-stage values were found to be roughly the same; a series of functional 

leaves, leaf area, dry matter, LAD, branches, and pods provided R2 = 0.950, PE = 64.72 kg ha-1, and 

SYI = 63.4%. Pod weight, number of seeds, seed weight, test weight, and harvest index (HI) gave a 

model with R2 = 0.927, PE = 67.67 kg ha-1, and SYI = 63.2%; HI had a significant positive impact on 

the yield. The average PE was 59.61 kg ha-1 on all the calibrated models.  

Given the high R² values observed in several models, possible interrelationships among growth 

variables were considered. As traits such as plant height, leaf area, and dry matter are biologically 

related, moderate correlation is expected. Stepwise regression was applied to reduce redundancy 

and retain only significant predictors. The models were developed primarily for yield prediction rather 

than interpretation of individual coefficients. 
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Table 4: Regression Models of Seed Yield of Pigeon Pea Through Different Parameters 

Parameter Regression Model R2 PE SYI 

Plant height on 30, 60, 
90, 120, 150 DAS and at 
harvest  

SY = -2101.59 + 50.09 (PH 30) + 38.30 (PH 60) + 
50.29 (PH 90) – 12.32 (PH 120) + 87.93 (PH 150) – 

118.97 (PH AH) 

0.922** 74.50 62.7 

No. of functional leaves 
on 30, 60, 90, 120, 150 
DAS and at harvest  

SY = -1007.97 + 83.61 (NFL 30) + 29.46 (NFL 60) – 
29.74 (NFL 90) – 16.50 (NFL 120) + 33.97 (NFL 150) + 

29.34 (NFL AH) 

0.949** 60.46 63.7 

No. of branches on 60, 
90, 120, 150 DAS, and 
at harvest 

SY = -347.05 + 119.83 (NOB 60) – 65.726 (NOB 90) + 
43.99 (NOB 120) + 130.35 (NOB 150) – 67.05 (NOB 

AH) 

0.904** 77.47 62.5 

Leaf area on 30, 60, 90, 
120, 150 DAS and at 
harvest 

SY = -1366.79 – 0.27 (LA 30) + 92.89 (LA 60) + 39.43 
(LA 90) – 9.55 (LA 120) – 3.03 (LA 150) + 4.04 (LA 

AH) 

0.953** 58.21 63.9 

Dry matter on 30, 60, 90, 
120, 150 DAS and at 
harvest 

SY = -582.23 + 145.59** (DM 30) – 45.78 (DM 60) + 
29.77 (DM 90) + 34.28 (DM 120) + 9.34 (DM 150) – 

21.19** (DM AH) 

0.979** 38.46 65.3 

No. of pods on 120, 150 
DAS, and at harvest 

SY = -1034.51** + 22.78 (NOP 120) – 9.84 (NOP 150) 
+ 12.29 (NOP AH) 

0.837** 90.32 61.6 

Leaf area duration on 
30, 60, 90, 120, 150 
DAS and at harvest 

SY = -1724.38 – 7.99 (LAD 30) + 4.51 (LAD 60) + 2.43 
(LAD 90) – 0.113 (LAD 120) – 0.524 (LAD 150) + 0.65 

(LAD AH) 

0.954** 57.66 63.9 

PH, NFL, LA, DM, LAD 
on 30 DAS 

SY = -693.39 + 48.86* (PH 30) + 24.80 (NFL 30) + 
43.57 (LA 30) + 74.20 (DM 30) – 5.70 (LAD 30) 

0.940** 61.29 63.7 

PH, NFL, NOB, LA, DM, 
LAD on 60 DAS 

SY = -2272.90** + 62.58** (PH 60) – 14.63 (NFL 60) + 
174.17** (NOB 60) + 45.36 (LA 60) – 17.84 (DM 60) – 

3.73 (LAD 60) 

0.976** 41.10 65.1 

PH, NFL, NOB, LA, DM, 
LAD on 90 DAS 

SY = -1092.10 + 1.77 (PH 90) – 18.65 (NFL 90) + 4.53 
(NOB 90) – 47.46 (LA 90) + 31.86 (DM 90) + 5.10 

(LAD 90) 

0.948** 61.11 63.7 

PH, NFL, NOB, LA, DM, 
NOP, LAD on 120 DAS 

SY = -1228.90 + 42.07 (PH 120) – 18.95** (NFL 120) + 
176.52* (NOB 120) – 83.18** (LA 120) – 49.54 (DM 

120) – 7.87 (NOP 120) + 4.62* (LAD 120) 

0.984** 36.62 65.4 

PH, NFL, NOB, LA, DM, 
NOP, LAD on 150 DAS 

SY = -788.17 + 5.38 (PH 150) – 16.43 (NFL 150) + 
125.62* (NOB 150) + 29.64 (LA 150) + 34.78 (DM 150) 

– 7.95 (NOP 150) – 1.38 (LAD 150) 

0.976** 44.98 64.8 

PH, NFL, NOB, LA, DM, 
NOP, LAD at harvest 

SY = -1335.30 + 3.15 (PH AH) + 53.87* (NFL AH) – 
22.30 (NOB AH) + 57.07 (LA AH) + 1.34 (DM AH) + 

3.99 (NOP AH) – 2.82 (LAD AH) 

0.950** 64.72 63.4 

PW, NOS, SW, TW, HI 
at harvest 

SY = -2820.81 + 41.08 (PW) – 0.92 (NOS) – 15.09 
(SW) + 2.82 (TW) + 96.47** (HI) 

0.927** 67.67 63.2 

** indicates significance at 1% level. SYI: Sustainability yield (%);R2: Coefficient of determination;PE: Prediction 
error (kg/ha); SY: Seed yield (kg/ha); DM: Dry matter; PH: Plant height (cm); NFL: No. of functional leaves ; NOB: 
No. of branches; LA: Leaf area; NOP: No. of pods; LAD: Leaf area duration; PW: Pod weight; NOS: No. of seeds; 
SW: Seed weight;TW: Test weight; HI: Harvest index (%); AH: At harvest 

Sustainability of yield attained by different treatments 

The sustainability yield index (SYI) values of soybean and pigeon pea were derived using the mean 

yield of soybean and pigeon pea attained by each treatment, the maximum soybean yield of 1550 

kg/ha, the pigeon pea yield of 1420 kg/ha, and a mean prediction error of 52.90 kg/ha of soybean and 

59.61 kg/ha of pigeon pea. Similarly, using the mean soybean equivalent yield (SEY) attained by each 

treatment, a maximum SEY of 2991 kg/ha attained by T5 in 2019 and a prediction error of 23.57 kg 

ha-1, SYI values of treatments were derived and are presented in Figure 1. The regression model of 

soybean equivalent yield through rainwater use efficiency attained by different treatments over the 

years gave a predictability of 0.997 with a prediction error of 23.57 kg/ha. The model is presented as 

SEY = -24.368 + 572.703** (RWUE) 

The SYI of soybean ranged from 55.4% attained by T6: soybean + pigeon pea (4:2) to 91.9% attained 

by T7: sole soybean with a mean of 67.6% (CV of 17.9%), while the SYI of pigeon pea ranged from 

50.2% attained by T6: soybean + pigeon pea (4:2) to 88.9% attained by T8: sole pigeon pea with a 

mean of 63.8% (CV of 19.8%). Compared to this, the SYI of soybean equivalent yield ranged from 
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71.5% attained by T6: soybean + pigeon pea (4:2) to 94.1% attained by T5: soybean: pigeon pea 

(18:12), with a mean SYI of 83.0% (CV of 10.0%). Among treatments with different row ratios, T5: 

soybean: pigeon pea (18:12) gave a maximum mean soybean yield of 1163 kg/ha and pigeon pea 

yield of 1033 kg/ha over the years. T5: soybean: pigeon pea (18:12) incurred the maximum mean cost 

of cultivation of Rs 35812/ha and gave maximum mean gross returns of Rs 100494/ha over the years. 

The study indicated that T5: soybean: pigeon pea (18:12) was superior, with a maximum SYI of 

94.1% and a soybean equivalent yield of 2839 kg/ha, rainwater use efficiency of 5.01 kg/ha/mm, net 

returns of Rs 64682/ha, and a BC ratio of 1.81. T4: soybean: pigeon pea (12:12) was found to be the 

2nd best treatment with SYI of 88.7% and gave a soybean equivalent yield of 2677 kg/ha, rainwater 

use efficiency of 4.73 kg/ha/mm, net returns of Rs 60341/ha, and BC ratio of 1.76.   

 

Figure 1: Sustainability Yield Index of Treatments for Attaining Maximum Soybean, Pigeon Pea, and 
Soybean Equivalent Yield at Parbhani 

Discussion 

The strong and consistent correlations observed among growth attributes and yield components in 

both soybean and pigeon pea indicate that early and mid-season vegetative development plays a 

decisive role in final productivity. In soybean, plant height, leaf area, and dry matter accumulation 

showed highly significant associations with seed yield and harvest index, with correlation coefficients 

frequently exceeding 0.95 at 60 and 75 DAS. This confirms that canopy expansion and assimilate 

accumulation during the reproductive transition stage are critical determinants of pod formation and 

seed filling. Similar physiological relationships between assimilate competition and seed growth have 

been reported by Ali et al. (2022), who demonstrated that early assimilating dynamics significantly 

influence pod and seed development in soybean. 

The regression analyses further strengthened these findings. In soybeans, leaf area-based models 

achieved the highest predictive accuracy (R² = 0.974; PE = 36.46 kg ha⁻¹; SYI = 68.6%), indicating 

that canopy development is a robust integrative indicator of yield potential. Mid-season models 

incorporating plant height, branches, leaf area, and pods at 45–60 DAS yielded R² values up to 0.987 

with minimal prediction error (28.93 kg ha⁻¹), underscoring the importance of vegetative–reproductive 

balance during this stage. Comparable findings have been reported in strip intercropping systems, 

where an optimised canopy architecture improved radiation interception and yield stability (Verdelli et 

al., 2012; Wang et al., 2020). 

In pigeon pea, dry matter accumulation emerged as the most reliable single predictor (R² = 0.979; PE 

= 38.46 kg ha⁻¹; SYI = 65.3%), suggesting that biomass partitioning efficiency is central to yield 

realisation. Multi-parameter models at 120 DAS achieved R² = 0.984 with PE = 36.62 kg ha⁻¹, 
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highlighting the relevance of branch development and leaf area duration in supporting sustained 

reproductive growth. These observations align with multivariate analyses of pigeon pea yield 

variability, where soil–plant interactions and biomass traits were shown to strongly influence 

productivity (N Let al., 2023). 

The sustainability yield index (SYI) analysis revealed clear treatment advantages. The soybean–

pigeon pea strip ratio of 18:12 (T5) achieved the highest SYI of 94.1% for soybean equivalent yield, 

with a mean SEY of 2839 kg ha⁻¹ and rainwater use efficiency of 5.01 kg ha⁻¹ mm⁻¹. This 

demonstrates the complementarity effect often reported in legume-based intercropping systems 

(Raza et al., 2019; Rakotomalala et al., 2023). Intercropping configurations can enhance resource use 

efficiency, stabilise yields, and improve economic returns, as also evidenced by multi-year strip 

cropping analyses (Juventia & van Apeldoorn, 2024). 

Overall, the high R² values across models reflect strong biological coherence among growth 

parameters. While interrelationships among variables are expected due to shared physiological 

pathways, stepwise regression effectively minimised redundancy and retained predictive efficiency. 

The integration of growth-stage–specific modelling with sustainability metrics provides a practical 

framework for yield forecasting and agronomic optimisation under rainfed conditions. 

Limitations  

The study is limited by its reliance on data collected from a single geographical location and a 

restricted set of treatment combinations, which may constrain the generalizability of the developed 

models across diverse agro-climatic conditions. Additionally, the regression-based approach does not 

fully account for complex non-linear interactions among growth parameters, potentially limiting 

predictive robustness under variable environmental scenarios. 

Future Scope 

Future research should focus on validating the developed models across multiple locations, seasons, 

and crop varieties to enhance their robustness and applicability under diverse field conditions. 

Furthermore, integrating advanced data-driven techniques such as machine learning and remote 

sensing could improve real-time yield prediction and enable more precise, scalable decision-support 

systems. 

Conclusion 

This study investigates soybean and pigeon pea productivity by integrating multi-stage morphological 

and physiological data into predictive models and assessing yield sustainability across various 

treatments. The findings revealed robust correlations among growth parameters across days after 

sowing (DAS), highlighting key relationships influencing yield. For soybeans, parameters such as 

plant height, leaf area, dry matter, and the number of pods showed strong correlations with seed yield 

(r ≥ 0.90). Similarly, for pigeon pea, correlations between plant height, leaf area, dry matter, and 

harvest index were significant across multiple stages (r ≥ 0.90). Regression models developed for 

yield prediction revealed high predictability (R² ≥ 0.95) for both crops using key parameters. Notably, 

the regression model for soybean, including parameters like plant height, leaf area, and number of 

pods, exhibited a coefficient of determination of 0.987 and a sustainability yield index (SYI) of 69.1%. 

For pigeon pea, the best model had an R² of 0.984 and an SYI of 65.4%, suggesting that multi-

parameter models effectively predict yields with minimal prediction errors (PE ≤ 77.47 kg/ha). The 

sustainability of yields across treatments was quantified using the Sustainability Yield Index (SYI). 

Soybean treatments ranged from an SYI of 55.4% to 91.9%, while pigeon pea treatments exhibited a 

range of 50.2% to 88.9%. The soybean-pigeon pea intercropping treatment (18:12) demonstrated the 

highest SYI (94.1%) and soybean equivalent yield (2839 kg/ha), highlighting its superior sustainability 

and economic returns. This study underscores the importance of integrated multi-stage data and 

sustainability metrics for optimising yield prediction and stability across diverse agronomic practices. 
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