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Indian agriculture is confronted with a multitude of sustainability challenges,

including the impacts of climate change, inefficiencies in input usage, depletion

of natural resources, soil degradation, excessive energy consumption, and

various environmental concerns viz., burning of the crop residues. Tackling

these challenges necessitates integrated strategies that foster climate-resilient

farming, optimize resource utilization, and encourage the adoption of

sustainable agricultural practices. To address these issues, a field study was

conducted focusing on millet + legume combination, wherein soybean, green

gram and black gram were intercropped with finger millet, and cowpea was

grown as sequence crop. The Randomized Complete Block Design with Factorial

concept with three replications was employed to assess the effectiveness of

different finger millet-based legume intercropping systems and varied levels of

recommended doses of fertilizers (RDF) to intercrops. The findings revealed that,

among the different intercropping systems, the combination of finger millet +

green gram recorded significantly higher (p=0.05) grain (2513.10 kg/ha) and

straw (7526.19 kg/ha) yield of finger millet The same intercropping system

yielded significantly (p=0.05) higher seed (899.40 kg/ha) and haulm yield

(2295.12 kg/ha) of green gram compared to other intercrops. Among the

nutrient management approaches, applying 75% RDF to the component crops

resulted in the highest grain/seed yield (2688.98 kg/ha for finger millet and

932.46 kg/ha for green gram) and straw/haulm yield (7850.88 kg/ha for finger

millet and 2122.74 kg/ha for green gram). The residual impact of the finger millet-

based intercropping system on a subsequent cowpea crop led to a notable

increase in its seed yield (1599.66 kg/ha) and haulm yield (3445 kg/ha) under

finger millet + soybean intercropping system, where 75% RDF was supplied to

soybean. Additionally, productivity metrics such as finger millet equivalent yield

(FMEY), land-equivalent ratio (LER), competition ratio (CR), and area-time
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equivalent ratio (ATER) were maximized in the finger millet + green gram

intercropping system. These findings underscore that the combination of

green gram with finger millet, along with the application of 75% RDF,

significantly (p=0.05) boosts the overall productivity of the intercropping system.
KEYWORDS

finger millet equivalent yield, intercropping, land equivalent ratio, nutrient
management, competition ratio, soil health, weed smothering efficiency
Introduction

India is the most populous nation, experiencing a year-on-year

increase in its population. The Food and Agriculture Organization

(FAO) states that, global food production must rise by 70% by 2050

to satisfy the needs of an anticipated population of 9.7 billion (Falcon

et al., 2022). Modern input-intensive monoculture systems have

greatly boosted food production and aided in achieving self-

sufficiency (Belete and Yadete, 2023). Nevertheless, the heavy

dependency on synthetic fertilizers and pesticides has led to

adverse effects, such as the degradation of soil health (Dong et al.,

2024), depletion of groundwater, increased pests and diseases

incidence, and various environmental problems like eutrophication

(Kumar et al., 2022, 2025), greenhouse gas (GHG) emissions, and loss

of biodiversity (Mrabet, 2023; Ahmed et al., 2022). These issues,

exacerbated by increasing climate vulnerability, present a serious

threat to agricultural sustainability (Rajanna et al., 2023). Therefore,

there is an immediate necessity to develop/adopt sustainable

farming practices that not only amplify food production but also

ensure environmental safety (Akchaya et al., 2025). These novel

technologies/practices include plenty of agronomic practices viz.,

choice of suitable crops or cropping systems, irrigation and

nutrient management, pest and disease control, etc. Further, under

fluctuating climatic conditions over the years, stimulating the farming

community towards combining the various components rather than

relying solely on single crop enterprise is gaining wider importance.

The crops chosen for integrated cultivation, must possess high

plasticity, aid in ecosystem restoration and should satisfy

nutritional security in order to achieve sustainability in the

farming sector.

In the recent past, millets are gaining greater importance in

agricultural production systems. This is due to their widely adoptive

nature and least input demand compared to other cereals coupled

with nutri-richness ensuring agricultural sustainability and nation’s

nutritional security (Gupta et al., 2022; Sukanya et al., 2023).

Among the number of millets being cultivated in India, finger

millet occupies largest area due to its own preferential features

(Sannagoudar and Murthy, 2018). Statistically, finger millet

occupies 1.16 million hectares with an average yield of 1454

kilograms per hectare (Anonymous, 2023). This wider area under

cultivation of finger millet is due to its ability to thrive in various
02
agro-climatic environments, which enhances its reputation as the

most productive crop among the millet varieties (Gopalan et al.,

2002). The Karnataka, Tamil Nadu, Andhra Pradesh, and certain

areas of North India owes major area under cultivation of finger

millet in India (Vijayakumari et al., 2003). Besides wider agronomic

adoptability, finger millet serves as a valuable source of vital

nutrients, especially calcium, dietary fiber, and several other

minerals (Gull et al., 2014). In-spite of its several advantages,

finger millet production is taking a dip due to severe competition

from major cereals and other commercial crops. Further, the

productivity of finger millet in Indian scenario still remains far

from its actual potentiality due to inefficient and unscientific

agronomic management practices being followed since ages

(Sukanya et al., 2024).

Legumes are the next best viable crop option for the dryland

farms. Due to their innate capacity to withstand climatic aberrations

their demand for production inputs remains much abbreviated than

the major crops (Halli et al., 2021). Further, they play vital role in

restoring soil health through erosion control, atmospheric nitrogen

fixation capacity, increase water infiltration through their tap root

system, add huge quantity of organic biomass through leaf

shedding, etc (Sannagoudar et al., 2021). Alongside, legumes also

contribute to nutritional security as they form rich source of protein

and many other mineral nutrients. Their post-harvest residue serves

as highly palatable dry form of fodder, ensuring year-round feed

supply for the dryland livestock.

Over the years, increased demand for food, nutritional security,

climatic aberrations are questioning the present agricultural

practices for their sustainability. The answer to this question was

crop diversification rather than monocropping (Sannagoudar et al.,

2024). Though, crop diversification encompasses ample of options,

the agro-climatic conditions of dryland impose greater limitations

for crop selection. Hence, the most probable crop selection would

be millets intercropping with legumes. Possessing differential

growth habits, nutritional composition, and least input demand of

both the crops makes them a best combo of intercropping system

for the semi-arid conditions of Indian peninsula. This millet +

legume combo of intercropping system offers many advantages viz.,

efficient utilization of natural resources (Sukanya et al., 2024),

reduced dependency on synthetic fertilizers (Chavan et al., 2017),

enhanced productivity (Jan et al., 2016) and biodiversity (Maitra
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and Ray, 2019), soil health rejuvenation (Gupta et al., 2020), assured

harvest even under aberrant climatic conditions and economic

stability for the dryland farmers (Singh et al., 2016). Further, the

tap roots of legume crops proved to aid in bio-irrigation for millet

crops (Mohan Kumar et al., 2022). Further, millet-based legume

intercropping system promotes beneficial soil micro flora besides

suppressing pest and disease-causing organisms (Chamkhi

et al., 2022).

Despite owing ample advantages, millet-based legume

intercropping system are least adopted in the famers’ field. This is

due to lack of knowledge on various aspects of its adoption. Firstly,

any recommended intercropping system or crop choice is site-

specific, which needs spatio-temporal rectifications. Secondly, in

intercropping system, agronomic management is only limited to

base crop while, component crop enjoys the least management

leading to reduced overall productivity. Thirdly, the effectiveness of

any intercropping was assessed only based on the productivity of

component crops, but the literature pertaining to residual effect of

different intercropping systems on succeeding crop is very meagre

till date. Fourthly, the fact that even intercropped legumes demand

external nutrients supply which help in boosting the overall system

productivity has been much neglected. Sannagoudar and Murthy

(2018) and Shekara et al. (2025) opined that, an integrated nutrient

management focusing both the component crops is vital in boosting

the total intercropping system productivity. Thus, keeping these

research gaps in mind, an experiment was conducted to provide

comprehensive and scientific assessment of millet-based legume

intercropping against various productivity metrics. Further, the

present study also aimed to assess the residual effect of different

intercropping combinations coupled with varied nutrient

management practices on the sequential crop. Thus, the scientific

understanding on these aspects will certainly promote crop

diversification with suitable crop combination and ideal nutrient

management strategies to attain maximum productivity under

semi-arid Indian peninsular region. Also, the study also gives

scientific evidence regarding necessity of nutrient supply to the

component crops in boosting the total system productivity. Further,

the residual effect of different intercropping systems coupled with

optimized nutrient management strategies validate the feasibility of

growing succeeding crop under resource scarce areas of dryland.

The findings from the present investigation will certainly aid in

devising practically suitable crop diversification strategies in order

to achieve yield sustainability, environmental viability and

economic stability for the marginal farmers residing across Indian

semi-arid tropics region.
Materials and methods

Experimental site description

The experiment was carried out during 2024 at the Zonal

Agricultural Research Station (ZARS), Gandhi Krishi Vignana

Kendra, University of Agricultural Sciences, Bangalore which falls

under Eastern Dry Zone (ACZ-V) of Karnataka. This is situated at an
Frontiers in Agronomy 03
elevation of 924 meters above mean sea level and at a latitude of 13°

07’ N and longitude of 77° 57’ E. The soil at the experimental site was

red sandy loam falling under the Alfisol soil order. Composite soil

samples were randomly collected from the top 0-15 cm layer prior to

experimentation and were subjected to analysis for their physico-

chemical properties following the standard procedures. For

determining pH and electrical conductivity of the soil, soil:water

(1:2.5) suspension was made and readings were recorded in pHmeter

for pH and conductivity meter for electrical conductivity (dS/m)

estimation (Jackson, 1973). Organic carbon was estimated by

Walkley and Black’s wet oxidation method. In this method, a

known weight of soil was oxidized using known excess volume of 1

N potassium dichromate (K2Cr2O7) solution in the presence of

concentrated H2SO4. The excess K2Cr2O7 which was not reduced

by organic matter of soil was determined by titrating it with standard

ferrous ammonium sulphate solution in the presence of ferroin

indicator and expressed as %. The available nitrogen in soil was

determined by alkaline potassium permanganate distillation method

as described by Subbiah and Asija (1956). The available phosphorus

in soil was extracted using brays reagent as the studied soil is acidic in

pH. The extracted phosphorus was then estimated by ascorbic acid

blue color method. The intensity of blue color was read in a

spectrophotometer (T70 UV/VIS Spectrometer) at a wavelength of

660 nm (Jackson, 1973). Available potassium in the soil was extracted

using neutral normal ammonium acetate (NH4OAc) and the

potassium content in the extractant was estimated using flame

photometer (Systronics flame photometer 128) (Jackson, 1973).

The results showed revealed that, soil was slightly acidic in pH

(5.8), low in organic carbon (0.49%) and low in electrical

conductivity (0.30 dS/m). The initial soil nutrient status was

medium for available nitrogen (304.84 kg/ha), phosphorus (P2O5)

(29.67 kg/ha) and potassium (248.71 kg/ha). The experimental site

depicts a typic semi-arid conditions of Indian peninsular region

where agriculture production depends largely on rainfall. The

Figure 1 depicts the key weather conditions prevailing during the

experimentation period. A total of 1436 mm rainfall was received

during the cropping season. while the mean maximum and

minimum temperature and relative humidity were recorded in the

range of 54-84%. In general key weather parameters recorded during

the experimentation period were congenial for successful crop

production and experiment execution.
Experimental details

Experimental design and treatment details
The experiment was assessed in two employing separate designs

for the evaluation of intercropping systems and for assessing the

residual effect on succeeding crop. The Randomized Complete

Block Design (RCBD) with Factorial concept with three

replications was employed for assessing Finger millet-based

legume intercropping systems during Kharif 2024. This consists

of two factors viz., Factor A: Intercrops (I) [I1 – Finger millet +

soybean; I2- Finger millet + green gram; I3- Finger millet + black

gram] and Factor B: Nutrient management (N) [N1- Control;
frontiersin.org
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N2- 50% RDF; N3-75% RDF; N4-100% RDF *Note: These varied

nutrient levels were applied to only intercrops based on their row

proportion under intercropping system, while recommended

package of practices was followed for base crop (finger millet).

RDF- Finger millet: 100:50:50 (N:P2O5:K2O Kg/ha), Soybean:

30:80:37.5 (N:P2O5:K2O Kg/ha), Green gram: 25:50:50 (N:P2O5:

K2O Kg/ha) and Black gram: 25:50:50 (N:P2O5:K2O Kg/ha)]. Post-

harvest of these intercrops, cowpea was grown employing simple

RCBD to assess the residual effect of different intercropping systems

during Rabi 2024. In this experiment finger millet is grown as a base

crop in finger millet based cropping system and cowpea as a

sequence crop. The pure crops of the respective base crops and

intercrops were raised separately for computation of cropping

system indices. The general view of experimental plot and best

treatments are illustrated in Figures 2 and 3.

Experimental layout and crop husbandry
practices

The experimental area was divided into 12 plots (treatment

combinations) replicated thrice with a dimension of 4.2 m × 3 m.

Each plot was separated by a rised bund for clear differentiation

between the plots. The seed rows each at 30 cm apart were opened

manually with the help of pickaxe so as to adjust the intercrops in

4:2 row proportion (spacing followed was 30 cm × 10 cm for all the

crops). Pictorial view of the experiment depicting different

intercropping systems is shown in Figure 4. The seeds were

procured from National seed project, GKVK, Bengaluru and the

varieties used for sowing were GPU-28 (finger millet), KBS-23

(soybean), KKM-3 (green gram), LBG-791 (black gram) and KBC-

12 (cowpea). The farmyard manure was incorporated two weeks

prior to sowing. The fertilizers were applied to each plot as per the
Frontiers in Agronomy 04
treatments. The sources of nitrogen, phosphorous and potassium

used were urea, single super phosphate, and muriate of potash,

respectively. The full dose of P&K recommended for finger millet

and full dose RDF of intercrops (as per treatments) was applied at

the time of sowing as basal/starter dose, while 75% of recommended

nitrogen to finger millet was applied at sowing followed by top

dressing of remaining 25% at 21 DAS (Days After Sowing).

Following crop establishment, to ensure optimum plant density,

gap filling was done at 15 DAS wherever poor plant stand was

observed. Similarly, thinning was taken up at 20 DAS wherever

excess population was noticed. To assess the weed smothering

efficiency of intercropping system, weeding operation was not

done throughout the cropping period to see the weed smothering

efficiency by intercrops in finger millet based cropping system. The

curative measures were taken against hairy caterpillars by spraying

dimethoate at 2 ml per liter of water for component crops and

spraying of saaf (Carbendazim+ Mancozeb) at 1 g per liter of water

against powdery mildew and anthracnose in green gram and black

gram. Harvesting was done manually using sickles ensuring the

crop attained physiological maturity. After the harvest of all the

intercrops, seed furrows were opened manually with the help of

pickaxe to sow the cowpea as sequential crop without disturbing

experimental plots. For, cowpea recommended package of practices

formulated by University of Agricultural Sciences, Bangalore was

adopted commonly to all the treatments.
Experimental data collection

Five plants from the net plot were randomly selected and tagged

for recording growth and yield attributes in each plot.
FIGURE 1

Monthly meteorological data prevailed during the experimental period (2024) at GKVK, Bengaluru.
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These parameters were measured at 90 days after sowing (DAS) for

finger millet and at harvest for intercrops and the sequence crop,

respectively. The tagged plants in the net plot area were used for

recording biometric observations, while plants in the border rows

were used for recording dry matter observation on periodic basis.

The plants in the net plot area were harvested, sun dried and

subjected for threshing separately for recording yield data treatment

wise. The composite soil samples were collected from a depth of 0 to

15 cm from each plot post-harvest of the crops for analyzing soil

nutrient status. The standard procedures mentioned earlier in the

‘materials and methods’ section were employed for analyzing the

soil nutrient status.

For assessing the efficacy of intercropping systems and for

assessing their residual effect on succeeding crop the various

metrices used are detailed below.

Absolute growth rate
The formula developed by West et al. (1920) was used to

determine AGR (Equation 1).

AGR (g=plant) =
W2 −W1

t2 − t1
(1)

Where,

W1- Plant dry weight at time t1
W2;– Plant dry weight at time t2

Crop growth rate
CGR was calculated according to the formula by Radford (1967)

(Equation 2).
Frontiers in Agronomy 05
CGR (g=m2=plant) =
W2 −W1
t2 − t1

� 1
P

(2)

Where, W1 and W2 represent the amount of dry matter

produced by each plant in grams at times t1 and t2, respectively.

P = Spacing
Light transmission ratio
A Lux meter was used to measure the amount of light that was

transmitted through the canopies of sole maize, sole intercrops, and

intercropping systems. Between 12:30 and 1:00 pm, measurements

of the light intensity at ground level (I) and above canopy (I0) were

made. The system’s LTR was then averaged using row proportions.

The following formula (Equation 3) was used to get the light

transmission ratio (Yoshida et al., 1972).

LTR ( % ) =  
I
IO

 � 100 (3)

Where, I = Light intensity received at the ground level

I0 = Light intensity received at the top of crop canopy

Light absorption ratio
It was calculated by the following formula (Equation 4).

Light absorption ( % )  =  100 – LTR ( % ) (4)
Land equivalent ratio
Land equivalent ratio is defined as the relative land area under

sole crop that is required to produce yields achieved in
FIGURE 2

General view of the experimental plot.
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intercropping. LER was worked out by using the following formula

(Equation 5) given by Willey (1979).

LER =
Yab

Yaa
+
Yba

Ybb
(5)

Where,

Yab and Yba = Individual crop yield under intercropping

Yaa and Ybb = Individual crop yield under sole cropping

Area time equivalent ratio
ATER was calculated according to the formula (Equation 6) by

Hiebsch and Macollam (1980).

ATER =  
(LERa �  Da)  +  (LERb �  Db)

T
(6)

Where,

LER = Relative yield of species a and b

t = Duration (days) for species a and b

T = Total duration (days) of the intercropping system

Competition ratio
Competition ratio is calculated by following formula (Equation 7),

   CR =
Yab

Yaa �  Zab
  

Yba

Ybb �  Zba
(7)

Where,

Yaa - Yield of component crop a as sole crop
Frontiers in Agronomy 06
Ybb - Yield of component crop b as sole crop

Yab - Yield of component crop a as intercrop in combination

with b

Yba - Yield of component crop b as intercrop in combination

with a

Zab - Sown proportion of component a in combination with b

Zba - Sown proportion of component a in combination with b

Finger millet equivalent yield
The finger millet equivalent yield of intercropping system was

calculated by taking into account the seed yield of component crops

and the prevailing market price of the both maize and intercrops as

follows (Equation 8).

FMEY  (kg=ha) =
Yb � Pb

Pa
(8)

Where,

Yb - Yield of intercrop (kg/ha)

Pb - Price of intercrop (Rs. kg-1)

Pa - Price of finger millet (Rs. kg-1)

Weed smothering efficiency
Weed smothering efficiency is calculated by following formula

(Equation 9),

WSE( % ) =
Weed dry weight in sole crop  −  Weed dry weight in intercrop

Weed dry weight in sole crop
 �   100

(9)
FIGURE 3

(a–d) The best treatments of the experiment. (a) Finger millet + green gram (75% RDF) (b) Finger millet + black gram (75% RDF) (c) Finger millet +
soybean (75% RDF) (d) cowpea.
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Statistical analysis

Data analysis and interpretation were carried out using Fisher’s

analysis of variance (ANOVA) method, as outlined by Panse and
Frontiers in Agronomy 07
Sukhatme (1967). The level of significance used in “F” and “t” test

was p = 0.05. Critical difference values were calculated where ever

the “F” test was found significant and multiple comparisons test was

done by using “Duncan’s Multiple Range Test”.
FIGURE 4

(A–C) Illustration of row proportions of crops in finger millet based cropping system. (A) Finger millet + soybean (4:2) - cowpea (B) Finger millet +
green gram (4:2) - cowpea (C) Finger millet + black gram (4:2) - cowpea.
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Results and discussion

Effect of intercropping and nutrient
management on growth and yield of finger
millet

The growth trajectory of finger millet was markedly influenced

by both intercropping arrangements and nutrient management

strategies as presented in Table 1 and Table 2. Notably, the finger

millet + green gram consistently outperformed other combinations,

as evidenced by a significantly (p=0.05) higher tiller count (8.05

tillers/plant), dry matter accumulation (11.11 g/plant), AGR (0.218

g/day) and CGR (7.27 g/m/day). These metrics were statistically

comparable to the finger millet + black gram system but

substantially exceeded those observed under sole cropping or
Frontiers in Agronomy 08
other intercrop treatments. Conversely, the highest LTR (50.05%)

was recorded in finger millet + soybean, while finger millet + green

gram showed superior LAR (55.91%) in finger millet under finger

millet based cropping system because of enhanced vegetative

performance in finger millet, attributed to increased functional

complementarity and resource-use efficiency, particularly in terms

of light interception, nutrient uptake and root-zone exploitation

(Sachin et al., 2023; Dass et al., 2024) who emphasized the ecological

advantage of legumes in enhancing system-level productivity

through niche differentiation and biological nitrogen fixation.

Moreover, intercropping with green gram appeared to exert

minimal competitive pressure on finger millet, facilitating a more

balanced resource partitioning consistent with the facilitative

interspecific interactions (Choudhary et al., 2014; Sannagoudar

et al., 2021). Nutrient management practices also exerted a
TABLE 1 Effect of intercropping and nutrient management on growth parameters of finger millet in finger millet based cropping system.

Treatments No. of tillers per plant Total dry matter accumulation (g/plant) AGR CGR

Factor A: Intercrops (I)

I1 – Finger millet + soybean 7.10c 10.56b 0.204b 6.78b

I2 – Finger millet + green gram 8.05a 11.11a 0.218a 7.27a

I3 – Finger millet + black gram 7.56b 10.76b 0.209ab 6.95ab

S. Em.± 0.04 0.10 0.003 0.11

Factor B: Nutrient management (N)

N1 – Control 7.20d 10.50b 0.203b 6.75b

N2 – 50% RDF 7.49c 10.61b 0.204b 6.80b

N3 – 75% RDF 7.90a 11.29a 0.224a 7.45a

N4 – 100% RDF 7.69b 10.84b 0.211b 7.02b

S. Em.± 0.05 0.12 0.004 0.12

Interaction: I×N

I1N1 6.56i 10.26d 0.197d 6.56c

I1N2 7.00h 10.53d 0.203b-d 6.75bc

I1N3 7.50fg 10.84b-d 0.210b-d 7.00bc

I1N4 7.33g 10.62cd 0.205b-d 6.82bc

I2N1 7.75de 10.74b-d 0.208b-d 6.92bc

I2N2 8.00bc 10.71b-d 0.206b-d 6.85bc

I2N3 8.28a 11.82a 0.239a 7.96a

I2N4 8.17ab 11.19bc 0.221a-c 7.36ab

I3N1 7.31g 10.52d 0.203b-d 6.77bc

I3N2 7.46fg 10.58d 0.204b-d 6.79bc

I3N3 7.91cd 11.22b 0.222ab 7.38ab

I3N4 7.58ef 10.72b-d 0.206b-d 6.88bc

S. Em.± 0.08 0.20 0.007 0.22

Mean of Sole finger millet 8.33 16.04 0.344 11.46
*The nutrient management treatments were employed to intercrops only, while base crop was supplied with 100% RDF commonly.
*Values followed by the same letter(s) within a column indicate no significant difference according to Duncan’s multiple range test (p<0.05).
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significant effect on growth parameters of finger millet. Application

of 75% RDF to the component crop was particularly beneficial,

enhancing dry matter accumulation (11.29 g/plant), tiller

production (7.90 tillers/plant), AGR (0.224 g/day), and CGR (7.45
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g/m²/day). Interestingly, the highest LTR (50.07%) was observed in

treatments receiving no RDF (control), suggesting a potential shift

in assimilate allocation towards leaf thickness under nutrient stress.

In contrast, the maximum LAR (57.33%) was associated with the

75% RDF treatment. These outcomes underscore the critical role of

nutrient optimization in intercropping systems. The observed

growth advantage under 75% RDF could be linked to improved

nutrient uptake dynamics, stimulating meristematic activity, cell

division and photosynthetic capacity mechanisms corroborated by

previous studies (Hayat et al., 2010; Kaushik and Sharma, 2017;

Patidar et al., 2023). The synergy between legume intercropping and

moderated nutrient application likely created a microenvironment

conducive to higher physiological efficiency and biomass

accumulation. Despite the significant main effects, interaction

effects between intercropping and nutrient treatments were

statistically non-significant for all growth attributes. This suggests

that, while both factors independently shape crop performance,

their combined influence may not always be additive or synergistic.

Taken together, the finger millet + green gram intercropping

system, in conjunction with 75% RDF application to the

component crop, emerged as the most robust strategy for

enhancing early growth dynamics in finger millet. This integrated

approach aligns well with the principles of sustainable

intensification, offering a viable pathway to improve biomass

productivity while reducing fertilizer input.

Finger millet productivity varied significantly (p=0.05) due to

both intercropping systems and nutrient management practices.

Finger millet + green gram system recorded the highest grain yield

(2513.10 kg/ha) and straw yield (7526.19 kg/ha), underscoring its

effectiveness in enhancing biomass and economic yield components

of the base crop. With respect to nutrient management, the

application of 75% RDF to the component crop resulted in

significantly (p=0.05) higher yield of finger millet (2688.98 kg

grain/ha and 7850.88 kg straw/ha). Notably, the interaction

between intercropping and nutrient management exerted a

statistically significant (p=0.05) effect. The finger millet + green

gram system, when coupled with 100% RDF to the base crop and

75% RDF to the component crop, yielded the highest grain yield

(3372.5 kg/ha) and straw yield (9245 kg/ha). This superior

performance may be attributed to the enhanced resource

complementarity and minimized interspecific competition

achieved through optimized spatial and temporal niche

differentiation (Paramesh et al., 2025). The staggered phenological

development wherein green gram completes its reproductive phase

while finger millet remains in its vegetative stage likely reduced

competition for critical resources during peak demand periods

(Sannagoudar et al., 2023). Furthermore, the application of 75%

RDF to the component crop appeared to reduce nutrient

competition, allowing for more efficient nutrient uptake by finger

millet and legume intercropping systems can enhance nitrogen use

efficiency in cereals by facilitating partial transfer of biologically

fixed nitrogen and improving below-ground mutualism. Efficient

light interception, improved root-zone activity, and better moisture

utilization under these systems also contribute to higher yield

realization (Baradwal et al., 2022; Sharmili et al., 2023; Rundan
TABLE 2 Effect of intercropping and nutrient management on LTR and
LAR of finger millet and intercrops in finger millet based
cropping system.

Treatments

Finger millet Intercrops

LTR
(%)

LAR
(%)

LTR
(%)

LAR
(%)

Factor A: Intercrops (I)

I1 – Finger millet + soybean 50.05a 49.95c 44.28a 55.72c

I2 – Finger millet +
green gram

44.09c 55.91a 43.38c 56.62a

I3 – Finger millet +
black gram

46.55b 53.45b 43.78b 56.22b

S. Em.± 0.71 0.71 0.13 0.13

Factor B: Nutrient management (N)

N1 – Control 50.07a 49.93c 46.06a 53.94d

N2 – 50% RDF 47.52b 52.48b 44.59b 55.41c

N3 – 75% RDF 42.67c 57.33a 41.69d 58.31a

N4 – 100% RDF 47.33b 52.67b 42.92c 57.08b

S. Em.± 0.82 0.82 0.15 0.15

Interaction: I×N

I1N1 55.14a 44.86f 46.89a 53.11h

I1N2 50.17b 49.83e 44.75cd 55.25ef

I1N3 45.45c-e 54.55b-d 42.23f-h 57.77bc

I1N4 49.44bc 50.56de 43.25e 56.75d

I2N1 46.47b-e 53.53b-e 45.27bc 54.73fg

I2N2 45.31c-e 54.69b-d 44.32d 55.68e

I2N3 39.86f 60.14a 41.27i 58.73a

I2N4 44.73de 55.27bc 42.67e-g 57.33cd

I3N1 48.59b-d 51.41c-e 46.02b 53.98gh

I3N2 47.10b-d 52.90c-e 44.70cd 55.30ef

I3N3 42.70ef 57.30ab 41.58hi 58.42ab

I3N4 47.83b-d 52.17c-e 42.84ef 57.16cd

S. Em.± 1.42 1.42 0.26 0.26

Mean of Sole finger millet 45.75 54.25 – –

Mean of Sole soybean - – 46.37 53.63

Mean of Sole green gram - – 43.72 56.28

Mean of Sole black gram - – 44.57 55.43
*The nutrient management treatments were employed to intercrops only, while base crop was
supplied with 100% RDF commonly LTR – Light transmission ratio and LAR- Light
absorption ratio.
*Values followed by the same letter(s) within a column indicate no significant difference
according to Duncan’s multiple range test (p<0.05).
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et al., 2023). While 100% RDF given to component crop does not

yield much because of nutrient antagonisim, imbalanced nutrient

uptake which stress finger millet for translocation of nutrients to

grain (Fageria et al., 2011). Overall, the results indicate that strategic

integration of green gram as a component intercrop with judicious

nutrient application (75% RDF) not only sustains but significantly

(p=0.05) enhances yield performance in finger millet-based

cropping systems, offering a viable approach for resource-efficient

intensification and illustrated in Table 3.
Influence of intercropping and nutrient
management on the growth and yield of
component crops

The growth attributes of green gram were significantly influenced

by both intercropping systems and nutrient management practices

and exhibited in Table 4 and Table 2. In intercropping, the finger

millet + green gram system recorded the highest values for number of

branches per plant (18.16), dry matter accumulation (28.48 g/plant),

absolute growth rate (AGR) (2.601 g/day), and crop growth rate

(CGR) (86.68 g/m2/day). The maximum leaf area ratio (LAR)

(56.62%) was also observed in green gram under this system.

However, the highest leaf transmission ratio (LTR) (44.28%) was

recorded in finger millet + soybean. These improvements in green

gram performance can be attributed to enhanced spatial efficiency,

improved light interception, and reduced intra-specific competition,

resulting from the complementary interaction with finger millet

(Tripathi and Kushwaha, 2013). Nutrient management had a

pronounced effect on green gram growth. The application of 75%

RDF to the component crop significantly (p=0.05) improved growth

parameters, including number of branches per plant (17.62), dry

matter accumulation (27.78 g/plant), AGR (1.717 g/day) and CGR

(57.24 g/m2/day). Notably, the highest LAR (58.31%) was also

recorded under this treatment, while LTR peaked (46.06%) in the

absence of RDF application. These findings suggest that partial RDF

application to the legume crop supports a more balanced distribution

of resources between the intercrops, promoting better canopy

development and physiological efficiency (Zaman and Malik, 2000).

Interaction effects on green gram growth attributes, however, were

statistically non-significant (p=0.05).

The productivity of green gram was significantly (p=0.05)

influenced by both intercropping systems and nutrient

management (Table 3). The finger millet + green gram treatment

recorded the highest seed yield (899.40 kg/ha) and haulm yield

(2295.12 kg/ha). This improved performance is likely due to green

gram early phenological maturity, which minimizes competition

with finger millet during critical growth periods (Rathore and

Gautam, 2003). With conjunction of nutrient management,

application of 100% RDF to the base crop combined with 75%

RDF to the component crop resulted in the highest seed (932.46 kg/

ha) and stover yield (2122.74 kg/ha) of green gram. This response

may be attributed to the optimized nutrient environment,

supporting robust vegetative and reproductive development

without inducing luxury consumption or excessive vegetative
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growth common outcomes of 100% RDF in legumes (Praveen

et al., 2023; Biswas et al., 2020). The interaction effects on yield

were also significant. The combination of finger millet + green gram

intercropping, with 100% RDF applied to the base crop and 75%

RDF to green gram, yielded the highest seed (960.0 kg/ha) and

haulm yield (2354.0 kg/ha). The temporal separation of peak

nutrient demands, where green gram completes its reproductive

phase while finger millet remains vegetative appears to reduce

competition for nutrients, thereby enhancing yield efficiency

(Sannagoudar et al., 2024). Furthermore, the moderate

fertilization regime likely facilitated better nodulation and

nitrogen fixation in green gram, contributing indirectly to system

productivity. These results affirm that finger millet + green gram

intercropping, complemented with 75% RDF to the component

crop, presents a biologically efficient and resource-conserving

strategy for maximizing both cereal and legume yields in

intercropping systems.
Impact of intercropping and nutrient
management on the growth and yield of
sequence cowpea crop

The growth and yield performance of cowpea was significantly

(p=0.05) influenced by the preceding intercropping system and

nutrient management practices and depicted in Table 5. The finger

millet + soybean – cowpea cropping system, with 100% RDF

applied to the base crop (finger millet) and 75% RDF to the

component crop (soybean), recorded the most favorable growth

metrics in cowpea. This treatment produced the highest number of

branches per plant (30.23), dry matter accumulation (24.93 g/

plant), absolute growth rate (AGR) (0.74 g/day), and crop growth

rate (CGR) (24.66 g/m²/day), and was statistically on par with the

treatment receiving 100% RDF to both base and component crops

because of enhanced growth parameters in cowpea may be

attributed to the dual agronomic role of soybean within the

intercropping system. Soybean functioned both as a nutrient

accumulator and organic matter contributor, thereby enriching

the rhizosphere with biologically fixed nitrogen, enhancing

nutrient cycling from deeper soil layers, and improving soil

structure (Biradar et al., 2023; Ghosh et al., 2020). Furthermore,

the residual fertility effects and balanced nutrient dynamics from

the preceding crop particularly under the 75% RDF regime likely

created a favorable soil environment for the establishment and

development of cowpea (Ghosh et al., 2021) and also legumes like

soybean significantly improve subsequent crop performance

through positive legacy effects on soil fertility and structure

(Chandel et al., 2014; Hebbal et al., 2018; Krishna et al., 2020).

Cowpea seed and haulm yields were also significantly (p=0.05)

influenced by the preceding cropping system and nutrient

management strategies. The treatment involving finger millet +

soybean with 100% RDF to the base crop and 75% RDF to soybean

resulted in the highest seed yield (1599.66 kg/ha) and haulm yield

(3449.67 kg/ha). This enhanced productivity may be attributed to

the cumulative effects of residual nitrogen availability, reduced
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nutrient competition and improved soil physical conditions,

facilitated by the symbiotic nitrogen fixation capacity of soybean.

Notably, the application of 75% RDF to soybean appears to be a

physiologically optimal level that supports robust vegetative and

reproductive growth without inhibiting nodulation and nitrogen

fixation, a phenomenon sometimes observed under full (100%)

nitrogen application (Rajanna et al., 2023). This moderate
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fertilization supports both plant performance and soil

enrichment, creating a synergistic effect that benefits the following

cowpea crop (Niringye et al., 2005; Chandel et al., 2014). The

findings underscore the role of strategically managed legume-based

intercropping systems in enhancing system sustainability and

productivity through improved nutrient use efficiency and soil

resource legacy effects.
TABLE 3 Effect of intercropping and nutrient management on yield parameters of finger millet and intercrops in finger millet based cropping system.

Treatments
Finger millet Intercrops

Grain yield (kg/ha) Straw yield (kg/ha) Seed yield (kg/ha) Stover yield (kg/ha)

Factor A: Intercrops (I)

I1 – Finger millet + soybean 1668.91c 5822.99c 782.80c 1558.66c

I2 – Finger millet +
green gram

2513.10a 7526.19a 899.40a 2295.12a

I3 – Finger millet +
black gram

2098.20b 6696.40b 849.45b 2209.74b

S. Em.± 56.34 109.55 8.57 12.12

Factor B: Nutrient management (N)

N1 – Control 1489.34d 5464.46d 746.56d 1919.26d

N2 – 50% RDF 1924.57c 6360.16c 795.39c 1971.51c

N3 – 75% RDF 2688.98a 7850.88a 932.46a 2122.74a

N4 – 100% RDF 2270.72b 7051.94b 901.13b 2071.19b

S. Em.± 65.06 126.50 9.90 14.00

Interaction: I×N

I1N1 1233.95l 4925.23l 646.28l 1373.87l

I1N2 1507.83k 5548.73k 725.66k 1435.61k

I1N3 2082.01f 6582.80f 891.20e 1739.10i

I1N4 1851.85h 6235.18h 868.06f 1686.07j

I2N1 1686.51i 5873.02i 849.37h 2237.90e

I2N2 2281.75d 7063.49d 856.84g 2286.65c

I2N3 3372.49a 9244.97a 960.73a 2353.98a

I2N4 2711.64b 7923.28b 930.67c 2301.95b

I3N1 1547.56j 5595.13j 744.02j 2145.99h

I3N2 1984.13g 6468.28g 803.66i 2192.27g

I3N3 2612.43c 7724.87c 945.43b 2275.12d

I3N4 2248.68e 6997.35e 904.67d 2225.56f

S. Em.± 112.68 219.10 17.14 24.24

Mean of Sole finger millet 3446 9331 – –

Mean of Sole soybean - – 2103.33 3470.00

Mean of Sole green gram - – 1107.66 3365.66

Mean of Sole black gram - – 1042.21 3210.12
*The nutrient management treatments were employed to intercrops only, while base crop was supplied with 100% RDF commonly.
*Values followed by the same letter(s) within a column indicate no significant difference according to Duncan’s multiple range test (p<0.05).
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Impact of intercropping and nutrient
management on available soil nutrient
status after harvest of the crop

The analysis of the available N, P2O5 and K2O levels in the soil

after harvest of crops, as affected by different intercrops and

nutrient management, is presented in the Table 6 and Table 7.

Post-harvest soil nutrient status was significantly influenced by

both intercropping systems and nutrient management strategies. The

finger millet + soybean intercropping system exhibited the highest
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levels (p=0.05) of available nitrogen (314.15 kg/ha), phosphorus (30.73

kg/ha), and potassium (255.75 kg/ha). This improvement is primarily

attributed to the integration of legumes, which are known to contribute

biologically fixed nitrogen to the soil, thereby enhancing nutrient

availability for the associated non-leguminous crop (Sannagoudar

et al., 2020; Baradwal et al., 2023). Beyond nitrogen enrichment, the

legume component stimulated rhizosphere microbial activity,

promoting the decomposition of organic matter and accelerating the

mineralization of key nutrients (Ghosh et al., 2020). The distinct and

complementary root architectures of finger millet and soybean likely
TABLE 4 Effect of intercropping and nutrient management on intercrops in finger millet based cropping system.

Treatments
No. of branches

per plant
Total dry matter accumulation

(g/plant)
AGR CGR

Factor A: Intercrops (I)

I1 – Finger millet + soybean 14.12c 24.02c 0.696c 23.18c

I2 – Finger millet +
green gram 18.16a 28.48a 2.601a 86.68a

I3 – Finger millet +
black gram 17.50b 26.12b 1.583b 52.77b

S. Em.± 0.12 0.25 0.010 0.34

Factor B: Nutrient management (N)

N1 – Control 15.38d 23.98c 1.502d 50.05d

N2 – 50% RDF 16.37c 26.20b 1.625c 54.18c

N3 – 75% RDF 17.62a 27.78a 1.717a 57.24a

N4 – 100% RDF 16.99b 26.86b 1.661b 55.38b

S. Em.± 0.14 0.29 0.012 0.40

Interaction: I×N

I1N1 12.81h 21.27g 0.608h 20.25h

I1N2 13.78g 24.20f 0.709g 23.64g

I1N3 15.28f 25.72de 0.743g 24.77g

I1N4 14.61f 24.88ef 0.723g 24.08g

I2N1 17.13d 26.89cd 2.455c 81.84c

I2N2 17.85bc 28.34bc 2.587b 86.23b

I2N3 19.13a 29.86a 2.726a 90.87a

I2N4 18.52ab 28.85ab 2.634b 87.79b

I3N1 16.20e 23.79f 1.442f 48.06f

I3N2 17.47cd 26.08de 1.580e 52.66e

I3N3 18.46ab 27.77c 1.683d 56.09d

I3N4 17.85bc 26.86cd 1.628de 54.26de

S. Em.± 0.24 0.50 0.021 0.69

Mean of Sole soybean 17.14 29.27 0.85 28.33

Mean of Sole green gram 22.43 42.24 1.19 39.66

Mean of Sole black gram 20.57 37.86 1.12 37.32
*The nutrient management treatments were employed to intercrops only, while base crop was supplied with 100% RDF commonly.
*Values followed by the same letter(s) within a column indicate no significant difference according to Duncan’s multiple range test (p<0.05).
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enhanced vertical and horizontal nutrient foraging, leading to reduced

interspecific competition and more effective nutrient uptake (Rakesh

et al., 2022). Furthermore, the addition of legume biomass enriched soil

organic matter, improved soil structure and contributed to enhanced

nutrient retention capacity (Ghosh et al., 2021; Hongal, 2001; Nooli,

2001). Legume crops owe the potential to fix atmospheric nitrogen and

also add huge quantity of plant biomass having low C:N ratio to soil,

which decompose faster than other crop residue adding lots of

nutrients to soil. These peculiar characters of legume help in reduced

application of synthetic fertilizers which ensure soil health restoration,

reduced impact of nutrient pollution in soil environment and

ultimately pave way for sustainable and eco-friendly production

systems. And with an application of 75% RDF to the component

crop (alongside full RDF to the base crop) resulted in significantly

(p=0.05) higher soil nutrient levels post-harvest: N (321.59 kg/ha),

P2O5 (31.57 kg/ha) and K2O (260.19 kg/ha). This fertilization regime

likely provided a balanced nutrient supply, sufficient to meet crop

demands while avoiding excessive application that can lead to nutrient

leaching or luxury consumption (Rathore and Gautam, 2003; Pandey

et al., 2003). Moderate fertilization also supported enhanced microbial

activity and root growth, promoting improved nutrient cycling and

overall soil health (Ananthi et al., 2017; Ashish et al., 2015).

Following the harvest of the sequence crop (cowpea), the

treatment finger millet + soybean (75% RDF) - cowpea maintained
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the highest residual soil nutrient levels (N: 312.74 kg/ha, P2O5: 29.30

kg/ha, K2O: 253.16 kg/ha). The presence of two leguminous crops in

the system, soybean and cowpea likely contributed to sustained

nitrogen enrichment through biological fixation by Rhizobium

species, even under reduced external fertilizer inputs (Kamble and

Kathmale, 2015). This system demonstrated the potential of

integrated nutrient management and legume-based intercropping

for improving soil fertility, reducing external input dependency and

supporting sustainable intensification.
Impact of intercropping and nutrient
management on cropping system indices

System productivity indices, including land equivalent ratio

(LER), area time equivalent ratio (ATER), finger millet equivalent

yield (FMEY) and competition ratio (CR), were significantly

(p=0.05) influenced by both intercropping combinations and

nutrient management strategies and represented in Table 8.

The highest LER (1.54) was recorded under the finger millet +

green gram intercropping system. This advantage is attributed to

the temporal complementarity between the two crops green gram,

being a short-duration legume, matures earlier and thus reduces

competitive pressure on finger millet during its critical growth
TABLE 5 Effect of intercropping and nutrient management on growth and yield parameters of sequence crop in finger millet based cropping system.

Treatments No. of branches
per plant

Total dry matter
accumulation

(g/plant)

AGR CGR Seed yield
(kg/ha)

Stover yield
(kg/ha)

T1- Finger millet + soybean (No RDF)- cowpea 28.81bc 24.11b 0.72ab 23.99a 1539.67d 3434.67d

T2- Finger millet + soybean (50% RDF)- cowpea 29.61ab 24.48ab 0.73a 24.38a 1544.00c 3439.67c

T3- Finger millet + soybean (75% RDF)- cowpea 30.23a 24.93a 0.74a 24.66a 1599.66a 3449.67a

T4- Finger millet + soybean (100%
RDF)- cowpea 30.06a 24.82a 0.74a 24.61a 1577.67b 3445.00b

T5- Finger millet + green gram (No
RDF)- cowpea 24.47f 18.79g 0.56c 18.69f 1338.33l 3134.00l

T6- Finger millet + green gram (50%
RDF)- cowpea 24.73f 19.34fg 0.58c 19.26ef 1343.33k 3137.67k

T7- Finger millet + green gram (75%
RDF)- cowpea 25.37f 19.95f 0.59bc 19.69e 1360.33i 3147.00i

T8- Finger millet + green gram (100%
RDF)- cowpea 25.24f 19.78f 0.59bc 19.71e 1347.00j 3142.00j

T9- Finger millet + black gram (No
RDF)- cowpea 26.75e 20.83e 0.61abc 20.47d 1489.00h 3197.00h

T10- Finger millet + black gram (50%
RDF)- cowpea 27.40de 21.54d 0.64abc 21.25c 1494.67g 3200.00g

T11- Finger millet + black gram (75%
RDF)- cowpea 27.96cd 22.84c 0.68abc 22.57b 1509.33e 3210.00e

T12- Finger millet + black gram (100%
RDF)- cowpea 27.22de 22.24c 0.66abc 21.93bc 1505.00f 3205.00f

S. Em.± 0.27 0.15 0.005 0.17 4.23 0.91
*The nutrient management treatments were employed to intercrops only, while base crop was supplied with 100% RDF commonly.
*Values followed by the same letter(s) within a column indicate no significant difference according to Duncan’s multiple range test (p<0.05).
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stages. This synergistic relationship enhances the resource-use

efficiency and biomass partitioning, ultimately improving system

productivity compared to sole cropping (Choudhary, 2009). The

inclusion of green gram also improves soil fertility through nitrogen

fixation, indirectly benefiting finger millet. The application of 75%

RDF to the component crop recorded a higher LER (1.51) due to the

balanced temporal and spatial resource utilization, where early

nutrient uptake by green gram was followed by sustained growth

of finger millet, minimizing interspecific competition and

maximizing complementary effects (Hamzei and Seyedi, 2015).
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Similarly, the highest ATER (1.22) was also observed in the finger

millet + green gram system. This index reflects the effective utilization of

the available growing period, where in green gram captured early-season

light, water and nutrients, while fingermillet exploited these resources in

the later stages, promoting staggered resource use andminimizing intra-

seasonal competition (Kheroar and Patra, 2013). Nutrient-wise, ATER

was maximized (1.27) with 75% RDF to the component crop, likely due

to enhanced nodulation, nitrogen fixation and reduced overgrowth

competition from green gram (Chhetri and Sinha, 2020).

In terms of economic productivity, the finger millet + green

gram system achieved the highest finger millet equivalent yield

(FMEY) of 1798.81 kg/ha. This increase is primarily due to the

substantial contribution of green gram, which, despite its shorter

duration, produced an appreciable economic yield. The yield from

green gram, when converted to finger millet equivalent using

prevailing market prices, significantly (p=0.05) boosted total

productivity (Thavaprakaash et al., 2005; Victor et al., 2023). The

application of 75% RDF to the component crop performed the

highest FMEY (1492.03 kg/ha), indicating optimal nutrient synergy
TABLE 7 Available soil nutrient status after harvest of crop in
fingermillet based cropping system.

Treatments Available nutrients in soil (kg/ha)

Available
N

Available
P

Available
K

T1- Finger millet + soybean
(No RDF)- cowpea 290.04d 22.65ef 236.58e

T2- Finger millet + soybean
(50% RDF)- cowpea 300.17bc 25.48bc 243.38cd

T3- Finger millet + soybean
(75% RDF)- cowpea 312.74a 29.30a 253.16a

T4- Finger millet + soybean
(100% RDF)- cowpea 302.95b 26.24b 247.61bc

T5- Finger millet + green
gram (No RDF)- cowpea 254.43e 21.89f 207.67f

T6- Finger millet + green
gram (50% RDF)- cowpea 290.43d 22.62ef 237.13e

T7- Finger millet + green
gram (75% RDF)- cowpea 304.33b 24.64bcd 246.75bc

T8- Finger millet + green
gram (100% RDF)- cowpea 290.52d 24.14cde 241.87d

T9- Finger millet + black
gram (No RDF)- cowpea 288.55d 23.17def 235.74e

T10- Finger millet + black
gram (50% RDF)- cowpea 296.14c 24.31cde 241.61d

T11- Finger millet + black
gram (75% RDF)- cowpea 309.69a 26.34b 248.96ab

T12- Finger millet + black
gram (100% RDF)- cowpea 302.79b 24.68bcd 245.11bcd

S.Em.± 9.55 0.92 6.65
*The nutrient management treatments were employed to intercrops only, while base crop was
supplied with 100% RDF commonly.
*Values followed by the same letter(s) within a column indicate no significant difference
according to Duncan’s multiple range test (p<0.05).
TABLE 6 Available soil nutrient status after harvest of crop in finger
millet based cropping system.

Treatments

Available soil nutrients (kg/ha)

Available
N

Available
P

Available
K

Factor A: Intercrops (I)

I1 – Fingermillet + soybean 314.15a 30.73a 255.75a

I2 - Fingermillet +
green gram 297.60c 28.13b 243.92b

I3 - Fingermillet +
black gram 311.96b 29.44ab 253.43ab

S. Em.± 4.78 0.46 3.33

Factor B: Nutrient management (N)

N1 – Control 290.34b 27.38c 237.23b

N2 – 50% RDF 308.25a 28.95b 251.27a

N3 – 75% RDF 321.59a 31.57a 260.19a

N4 – 100% RDF 311.43a 29.83b 255.43a

S. Em.± 5.52 0.53 3.84

Interaction: I×N

I1N1 302.71a 27.46de 247.15a

I1N2 312.84a 30.29bc 253.95a

I1N3 325.41a 34.11a 263.73a

I1N4 315.62a 31.05b 258.18a

I2N1 267.10b 26.70e 218.24ab

I2N2 303.10a 27.43de 247.70a

I2N3 317.00a 29.45bcd 257.32a

I2N4 303.19a 28.95bcde 252.44a

I3N1 301.22a 27.98cde 246.31a

I3N2 308.81a 29.12bcde 252.18a

I3N3 322.36a 31.15b 259.53a

I3N4 315.46a 29.49bcd 255.68a

S. Em.± 9.55 0.92 6.65
*The nutrient management treatments were employed to intercrops only, while base crop was
supplied with 100% RDF commonly.
*Values followed by the same letter(s) within a column indicate no significant difference
according to Duncan’s multiple range test (p<0.05).
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that supported efficient photosynthesis, nodulation and nitrogen

transfer from green gram to finger millet (Tripathi and Kushwaha,

2013; Singh et al., 2016; Rundan et al., 2023).

In contrast, competition ratio (CR), which quantifies the degree

of interspecific competition, was highest (0.66) under the finger millet

+ soybean system. This suggests that soybean exerted stronger

competitive pressure on finger millet due to its aggressive

vegetative growth, expansive canopy, and higher nutrient and water

demands particularly during overlapping growth stages (Ghosh,

2004; Sharmili et al., 2023) and with an application of 75% RDF to

the component crop further increased CR (0.56), indicating that
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enhanced nutrient availability intensified soybean’s dominance in

resource capture (Chhetri and Sinha, 2020).

Notably, the interaction effects between intercropping systems and

nutrient management treatments on these indices were statistically

non-significant (p=0.05), indicating consistent patterns across systems.
Impact of intercropping and nutrient
management on weed smothering
efficiency

The finger millet + green gram intercropping system recorded the

highest weed smothering efficiency (WSE) at 73.46%, significantly

(p=0.05) outperforming other intercropping combinations. This

enhancement is attributed to reduced weed biomass and density,

likely due to intensified interspecific competition and complementary

interactions between component crops, which improved the crop stand

suppressive ability against weeds (Hauggaard-Nielsen et al., 2003;

Sannagoudar et al., 2024). Under nutrient management practices, the

application of 75% RDF to the component crop resulted in the

maximum WSE (76.14%). This outcome is primarily driven by the

shading effect and competitive pressure from the well-developed green

gram canopy, which limited light availability and physical space for

weed growth (Sannagoudar et al., 2021; Halli et al., 2021). The dense

foliage created a microenvironment unfavorable for weed

establishment, thereby narrowing the ecological niche for weed

proliferation (Pandey et al., 2003). However, interaction effects

between cropping system and nutrient management on WSE were

statistically non-significant.
Conclusion

The intercropping system of finger millet + green gram, combined

with 75% RDF applied to the component crop, significantly (p=0.05)

enhanced growth parameters, yield attributes, and cropping system

indices compared to other treatments. This can be attributed to the

complementary growth habits of the component crops, where finger

millet and green gram utilizes soil nutrients, water, and light more

efficiently, minimizing competition and enhancing overall resource use.

Moreover, green gram, being a leguminous crop, contributes to

biological nitrogen fixation (BNF), enriching the soil nitrogen pool

and reducing the dependence on synthetic nitrogen fertilizers.

Furthermore, in the sequence cropping system, sole soybean followed

by cowpea exhibited superior growth performance. This improved

performance may be due to the nitrogen-fixing ability of soybean,

which enriches the soil and creates a favorable environment for the

subsequent crop (cowpea), thereby enhancing its growth parameters.

Across nutrient management strategies, application of 75% RDF to the

component crop consistently resulted in improved outcomes,

underscoring the effectiveness of optimized nutrient allocation in

finger millet-based cropping systems. This suggests that lower but

targeted nutrient application improves nutrient-use efficiency, reduces

environmental losses, and still provides adequate nourishment to

sustain high productivity.
TABLE 8 Effect of intercropping and nutrient management on cropping
system indices and weed smothering efficiency.

Treatments LER ATER
CR FEY

(kg/ha)
WSE
(%)

Factor A: Intercrops (I)

I1 -Finger millet
+ soybean 0.86c 0.79c 0.66a 892.03c 51.07c

I2 -Finger millet +
green gram 1.54a 1.22a 0.45b 1798.81a 62.42a

I3 -Finger millet +
black gram 1.42b 1.13b 0.37c 1382.82b 54.37b

S. Em.± 0.019 0.02 0.02 11.85 0.53

Factor B: Nutrient management (N)

N1 – Control 1.03d 0.82d 0.42b 1215.47d 48.55d

N2 – 50% RDF 1.19c 0.97c 0.48ab 1282.96c 52.17c

N3 – 75% RDF 1.51a 1.27a 0.56a 1492.03a 65.26a

N4 – 100% RDF 1.37b 1.13b 0.50ab 1441.08b 57.82b

S. Em.± 0.022 0.023 0.03 13.68 0.62

Interaction: I×N

I1N1 0.67i 0.61h 0.63ab 736.46h 44.53g

I1N2 0.78i 0.72h 0.64ab 826.91g 45.79g

I1N3 1.03h 0.95fg 0.71a 1015.56f 61.65cd

I1N4 0.95h 0.88g 0.65ab 989.18f 52.31f

I2N1 1.26fg 0.96fg 0.32e 1698.75b 55.91e

I2N2 1.44de 1.13de 0.43c-e 1713.69b 58.90de

I2N3 1.85a 1.51a 0.56bc 1921.46a 69.70a

I2N4 1.63bc 1.30bc 0.47cd 1861.33a 65.16b

I3N1 1.16g 0.91g 0.31e 1211.20e 45.21g

I3N2 1.35ef 1.07ef 0.37de 1308.28d 51.82f

I3N3 1.67b 1.34b 0.42cde 1539.08c 64.44bc

I3N4 1.52cd 1.21cd 0.38de 1472.71c 55.99e

S. Em.± 0.04 0.04 0.05 23.69 1.07
*The nutrient management treatments were employed to intercrops only, while base crop was
supplied with 100% RDF commonly.
*Values followed by the same letter(s) within a column indicate no significant difference
according to Duncan’s multiple range test (p<0.05).
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