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Maximising small farm profits through

multi-layer vegetable farming
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Multi-layer vegetable farming, a dynamic and intensive agricultural technique, offers a significant
pathway for small farmers to enhance profitability and achieve sustainable production. This system
involves the strategic cultivation of diverse vegetable crops with varying heights, light requirements,
and maturation periods on the same plot of land, optimising the use of vertical space, sunlight,
water, and nutrients. For smallholders, particularly in regions like Bihar where landholdings can
be limited, this approach can lead to increased yields per unit area, diversified income streams,
reduced crop failure risks, and improved resource efficiency. This article delves into the principles,
benefits, suitable vegetable combinations, economic viability, and practical considerations of multi-
layer vegetable farming, providing a guide for small farmers aiming to boost their agricultural
returns. While challenges such as initial planning and labour exist, the potential for substantial
economic gains makes multi-layer vegetable farming a highly attractive proposition.
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MALL-scale farmers are the

backbone of Indian agricultural
production in many regions of
India, including Bihar. However,
they often grapple with challenges
like  fragmented landholdings,
limited resources, market volatility
for single crops, and the impacts
of climate change. Traditional
monoculture systems for vegetables
may not always yield sufficient
returns to ensure a prosperous
livelihood. Multi-layer vegetable
farming presents an innovative
and intensive solution, allowing
farmers to grow more food and
generate higher income from the
same piece of land by intelligently
utilising vertical space and creating
synergistic plant communities. This
method, if implemented effectively,

can transform small vegetable
farms into highly productive and
profitable ventures.

Principles of multi-layer vegetable
farming
The

success of multi-layer
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Vegetable cultivation

vegetable farming hinges on
understanding and  applying
ecological  principles to crop

selection and arrangement.

Canopy architecture and light
interception: Different vegetable
crops have varying needs for sunlight.
Taller, sun-loving vegetables (e.g.
staked tomatoes, pole beans, some
gourds on trellises) form the upper
layers, allowing filtered light to
reach medium-height, partial-shade
tolerant vegetables (e.g. capsicum,
chili, okra, brinjal) and ground-
level, shade-tolerant leafy greens
(e.g. spinach, coriander, lettuce,
amaranth) or root crops (e.g. radish,
carrots, beetroot, onions, garlic).

Root system stratification:
Selecting vegetables with different
root depths (deep-rooted, medium-
rooted, and shallow-rooted)
minimises competition for soil
nutrients and moisture. For instance,
tomatoes can have deeper roots
compared to shallow-rooted leafy
greens.

Growth habits and stature:
Combining plants with diverse
growth habits i.e. climbers, bushes,
spreaders, and erect plants-
maximises spatial utilisation. For
example, climbing gourds (bitter
gourd, bottle gourd, ridge gourd)
can be trained on trellises or bamboo
structures.

Maturity cycles and continuous
harvesting:  Integrating  short-
duration vegetables with medium
or long-duration ones ensures a
continuous harvest and regular
income flow, reducing the farmer's
reliance on a single harvest period.

Companion planting benefits:
Certain vegetable combinations
can offer mutual benefits, such
as deterring pests, improving
soil fertility (e.g. legumes fixing
nitrogen), or enhancing growth,
though, this requires careful
selection.

Benefits for small vegetable farmers
Adopting a multi-layer system
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for vegetable cultivation can bring
numerous advantages.

Increased vyield and higher
income: This is the most significant
benefit. By growing multiple
vegetable crops simultaneously in
the same space, the total yield per
unit area can be increased manifold
(often 3-5 times or more compared
to monocropping), leading to
substantially higher profits.

Diversified produce and reduced
market risk: Cultivating a variety
of vegetables reduces the economic
risk if one particular crop faces low
market prices or fails due to pests
or diseases. This diversification
provides a more stable income.

Optimal resource utilisation:

e Land: Vertical
effectively

expansion
increases the

A view of multi-layer cultivation

cultivable area on a small plot.

e Water: The dense plant
cover reduces soil moisture
evaporation, leading to
more efficient water use and
potentially lower irrigation
costs. Some studies suggest
water savings of up to 30-50%.

o Fertilisers:  Nutrients  are
utilised more efficiently as
different plants have different
requirements and  rooting
patterns. The same amount of
fertiliser applied can benefit
multiple crops.

e Sunlight: Efficient light
harvesting by different canopy
layers.

Improved soil health:

Continuous crop cover protects the
soil from erosion. The decomposition

Multi-layer farming at farmers’ field at West Champaran, Bihar

of diverse plant residues adds
organic matter, improving soil
structure, fertility, and water-
holding capacity.

Weed suppression: The dense
canopy created by multiple
vegetable  layers  significantly
reduces sunlight penetration to the
soil surface, thereby suppressing
weed growth and reducing the need
for manual weeding or herbicides.

Pest and disease management:
Increased biodiversity can create
a more balanced ecosystem,
potentially reducing the buildup of
specific pests and diseases that often
plague monocultures. Some plants
can act as repellents for certain pests.

Year-round production and
employment: Staggered planting and
harvesting of different vegetables
ensure continuous farm activity and
income throughout the year.

Enhanced household nutrition:
Access to a variety of fresh vegetables
improves the nutritional security of
the farmer's family.

Suitable vegetable combinations for multi-
layer systems

The choice of vegetables depends
on local agro-climatic conditions
(relevant for Bihar), market demand,
and farmer preference. Here are
some illustrative models:

Model 1 (Gourds, Leafy greens, Root
crops):

e Top layer (on trellis/support):
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Bitter gourd, Bottle gourd,
Ridge gourd, Cucumber, or Pole
beans.

e Middle layer: Bushy plants like
Okra, Chili, Capsicum, or Brinjal
(Eggplant).

e Ground layer: Leafy vegetables
like Spinach (Palak), Coriander
(Dhania), Fenugreek (Methi),
Amaranth (Chaulai), or root
crops like Radish, Turnip,
Onion, Garlic.

e Underground: Ginger or
Turmeric (can also be a primary
crop with shade-providing
layers above).

Model 2 (Tomato-based system):

e Top Layer: Staked Tomatoes or
trailing varieties on trellises.
Middle Layer: Capsicum, Chili.
Ground Layer: Lettuce, Spinach,
Radish, Onion.

Model 3 (Fruit-bearing vegetables
with shorter crops):

e Main Crop (medium height):
Brinjal or Okra.

e Intercrop (ground cover/short
duration): Coriander, Spinach,
Fenugreek, Radish (harvested
before the main crop fully
shades them).

Specific examples from Indian
context (relevant for Bihar):

e Bitter gourd + Cowpea +
Elephant foot yam

e DPointed gourd + Okra +
Cucumber (or Amaranth)

e Turmeric/Ginger (main
underground crop) + Leafy
vegetables  (short duration
surface crop) + Papaya (widely
spaced taller crop providing
light shade).

The  table presents the
performance of a multi-layer
vegetable farming system

comprising Bitter gourd, Tomato,
and Carrot grown together during

o1

Harvesting of fresh vegetables under multi-
layer farm
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the rabi-summer season. In this
system, crops were arranged in
three vertical layers to utilise
sunlight, space, water, and nutrients
more efficiently. Bitter gourd was
cultivated as the top-layer crop on
a trellis, tomato as the middle-layer
crop, and carrot as the bottom-
layer root crop, ensuring effective
use of both aboveground and
belowground space.

The data indicated that bitter
gourd (Pusa Do Mausami + Priya)
produced an average yield of 168.50
g/ha with a cost of cultivation of
%85,500/ha. The crop generated a
gross return of 32,32,750/ha and a
net return of %1,47,250/ha, resulting
in a B:C ratio of 2.72, which reflects
good profitability.

The tomato (Arka Rakshak
and Pusa Ruby) crop, grown in the
middle layer, recorded a higher yield
of 280.65 g/ha with a cultivation cost
of 1,10,500/ha. The gross return was
22,94,682/ha, yielding a net return of
%1,84,182/ha and a B:C ratio of 2.66,
indicating it is also an economically
viable component of the system.

Table 1. Economic and productivity performance of multi-layer vegetable farming system

At the bottom layer, carrot (Pusa
Rudhira) performed excellently
with a yield of 265.25 g/ha, incurring
a relatively low cultivation cost
of ¥55,000/ha. It produced a gross
return of %2,18,512/ha and a net
return of 1,63,512/ha, with the
highest B:C ratio of 3.97, showing its
superior profitability and efficiency
within the multilayer system.

Overall, combined productivity
of the system was 714.40 g/ha,
with a total cost of cultivation of
%2,51,000/ha. The system yielded
a gross return of 37,45,944/ha and
a net return of 34,94,944/ha, giving
an overall B:C ratio of 3.11. This
clearly demonstrated that multi-
layer vegetable farming is a highly
remunerative and resource-efficient
approach, capable of providing
better income and land-use
efficiency compared to traditional
monocropping systems.

Economic viability: A profitable venture

Multi-layer vegetable farming
has  demonstrated  significant
economic benefits for smallholders.
The key drivers of profitability
include:

Higher output wvalue: The
combined value of multiple harvests
from the same land far exceeds that
of a single crop.

Reduced per-unit production
cost: While initial setup for trellises
might be an expense, the cost
of land preparation, irrigation,
and fertilisation is spread across
multiple crops, reducing the cost per
kilogram of produce.

Continuous cash flow: Regular
harvests provide a steady income
stream, improving the farmer's
financial stability and reducing
dependence on seasonal earnings.

Premium for diverse/off-season
produce: Ability to supply a variety
of vegetables, potentially including

Crop Name Season Variety/ Hybrid Used Average Cost of Gross Net B:C
Production Cultivation Return Return Ratio
(a/ha) (X/ha) (X/ha) (X/ha)

Bitter gourd (Top layer) Rabi/ Summer  Pusa Do Mausami + Priya 168.50 85,500 2,32,750 1,47,250 2.72

Tomato (Middle layer) Rabi/ Summer  Arka Rakshak, Pusa Ruby 280.65 1,10,500 2,94,682 1,84,182 2.66

Carrot (Bottom layer) Rabi/ Winter Pusa Rudhira 265.25 55,000 2,118,512 1,63,512 3.97

Total — — 714.40 2,51,000 7,45,944 494944 311
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some during lean periods, can fetch
better market prices.

For instance, farmers in various
parts of India practicing 3-5 layer
vegetable systems have reported
net profits increased by 250-500%
compared to conventional single-
crop farming on the same land area.
An initial investment for structures
(e.g. bamboo trellises) can range
from 350,000-80,000/acre but can
last for several years and the returns
often justify this cost within the first
year or two.

SUMMARY

Multi-layer vegetable farming
stands out as a highly promising
and profitable agricultural system
for small farmers, especially in
land-scarce regions like Bihar.
By embracing the principles of
vertical space utilisation and crop
synergism, farmers can significantly
increase their yields, diversify
income, reduce risks, and practice
more sustainable agriculture. While
it demands careful planning, skill,
and initial effort, the substantial

economic returns and enhanced
livelihood security make it a worthy
endeavour. = With  appropriate
technical guidance, access to quality
inputs, and supportive market
linkages, multi-layer vegetable
farming can empower smallholders

to transform their agricultural
practices and achieve greater
prosperity.

*Corresponding author email: head.kvk.
madhopur@rpcau.ac.in

Field Crops Production — Foodgrain Crops

The first edition of Textbook of Field Crops Production was published in 2002 and there
has been a heavy demand for the book. This book is now being brought out in two
volumes. The chapters cover emerging trends in crop production such as System of Rice
Intensification (SRI), export quality assurance in the production technology of
commodities like Basmati rice, organic farming, resource conservation technologies,
herbicide management etc. Good agronomic practices must judiciously inter-mix the
applications of soil and plant sciences to produce food, feed, fuel, fibre, and of late
nutraceuticals while ensuring sustainability of the system in as much possible environment
and eco-friendly manner. The advent of hydroponics, precision farming, bio-sensors,
fertigation, landscaping, application of ICT, GPS and GIS tools, micro-irrigation etc. is in
the horizon. The textbook covers both the fundamentals of the subject and at the same
time inspire and prepare both teachers and students for the emerging frontiers.

TECHNICAL SPECIFICATIONS
No. of pages : i-xii + 396 ¢ Price : ¥ 700 ¢ ISBN No. : 978-81-7164-116-1

For obtaining copies, please contact:

(Volume 1)

Textbook of

Field Crops Production

Foodgrain Crops

Business Unit
Directorate of Knowledge Management in Agriculture
Krishi Anusandhan Bhavan-l, Pusa, New Delhi 110 012
Tel : 011-25843657, Fax 91-11-25841282; e-mail : businessuniticar@gmail.com
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