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@%2 griculture is the backbone of India's economic and social progress, yet as arable land is
ib increasingly being lost to urbanization, farmers are forced to cultivate on marginal soils
u@wgw with limited productivity. Vertisols—deep, dark clay soils prone to swelling, shrinking, and

&% cracking—are especially challenged by salinity and waterlogging, particularly where rainfall
gwg@ is low and evapotranspiration is high. Today, more than 6.73 million hectares of Indian land
&% are impacted by salinity and sodicity, which can drastically limit crop yields and threaten
.., food security and rural livelihoods.

f”; Understanding Vertisols: Geography, Characteristics, and Problems

@t@ The name Vertisol, from Latin "vertere" (to invert), reflects their unique crack-forming
iz nature. Dominated by smectitic clay minerals, Vertisols cover about 76.4 million hectares in

cE25%0 India, especially in Maharashtra, Gujarat, Madhya Pradesh, Andhra Pradesh, and Karnataka.
d

H; While cotton can thrive due to its taproot system, most crops struggle as salinity increases. In
@3}“@ India, saline Vertisols cover about 1.1 million hectares, of which Maharashtra alone accounts
f o for 0.54 million hectares, while Gujarat contributes 0.12 million hectares. Poor drainage and
%ei deep cracks contribute to ongoing salt build-up, calling for alternative land management
&% strategies.
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< Afforestation and Agroforestry: Transforming Saline Wastelands
Afforestation and agroforestry offer new hope for transforming saline Vertisols from
degraded wastelands into productive, resource-generating ecosystems. Unlike conventional
reclamation (which might require costly gypsum amendments, drainage, and green manure),
afforestation leverages hardy trees and grasses with low water requirements—even allowing
the use of saline water for irrigation. Fuel, fodder, and timber production not only support
local communities but actively improve soil structure and fertility through bio-amelioration.
By introducing salt-tolerant tree species, afforestation also lessens pressure on remaining
forests and productive farmland.

Salt-Tolerant Trees and Grasses

Research has identified several salt-tolerant species ideal for afforestation:

e Trees: Salvadora spp., Prosopis juliflora, Acacia nilotica, Pithecellobium dulce,
Parkinsonia aculeata.

e Shrubs: Achyranthes aspera, Boerhavia diffusa, Digera muricata, Kochia prostrata,
Suaeda fruticosa.

e Grasses: Aeluropus lagopoides, Sporobolus helvolus, Cynodon dactylon, Dactyloctenium
aegyptium, Dichanthium annulatum, Digitaria iliaris.

Planting combinations such as Salvadora persica with forage grasses (Leptochloa fusca and

Dichanthium annulatum) have been proven in Gujarat, where soils with salinity up to 70

dS/m still yield promising oil and forage crops for local farmers.
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Innovative Land-Use Models: Horticulture, Silvipasture, and Forage

Systems

Fruit and Horticultural Trees

Fruit trees are valuable options for reclaiming sodic and saline Vertisols. Guava, Indian
gooseberry (aonla), pomegranate, ber, tamarind, dates, karonda, jamun, and sapota perform
well in soils with high pH and ESP, especially with proper amendments in planting holes.
Syzygium cumini and pomegranate are especially salt-tolerant, and compost produced from
afforestation litter further enriches the soil.

Forage Grasses and Phyto-Desalinization

Given the acute shortage of fodder, salt-tolerant forage grasses such as kallar grass
(Leptochloa fusca), para grass (Brachiaria mutica), and marvel grass (Dichanthium
annulatum) are cultivated on saline marginal lands. These grasses not only provide feed for
livestock but also actively remove salts from the soil—a process known as phyto-
desalinization. Experiments show that cultivation of Echinochloa stagnina and D. annulatum
reduces soil salinity and bulk density, and helps restore soil health while yielding substantial
biomass for feed and biogas production.

Agroforestry and Silvi-pasture Models

Silvipasture combines trees and grasses, utilizing salt-tolerant species such as Prosopis
juliflora, Acacia nilotica, Casuarina equisetifolia, Terminalia arjuna, Tamarix articuluta,
Pongamia pinnata, kallar grass, rhodes grass, para grass, and alkali sacaton. This system not
only produces fuelwood and forage but also conserves water and improves soil properties.
Planting trees on ridges and grasses in furrows has shown promising results in biomass and
soil water conservation during the monsoon.

Halophytes and Commercial Opportunities

Halophytes: Salt-Tolerant Powerhouses

Halophytes—plants naturally adapted to saline environments—hold great promise for saline
agriculture, producing food, fiber, oil, and even medicines on otherwise unproductive land.
More than 1,600 species have been identified, with standout examples such as crowfoot grass
(Dactyloctenium aegyptium), palmer salt grass (Distichlis palmeri), and Salicornia spp., all
displaying high yields and salt tolerance. Salicornia, in particular, is valued for its oil-rich
seeds and ability to detoxify soil, while select varieties are already cultivated in India's desert
regions.

Woody Halophytes and Biodiesel

Salvadora persica (Meswak) is not only a potent phyto-remediator but also a source of non-
edible oil suited for soap and detergent manufacturing. Pongamia pinnata and Jatropha
curcas are championed for biodiesel production on salt-stressed soils, providing an eco-
friendly alternative to fossil fuels while making use of marginal land. Jatropha can thrive
with irrigation from saline groundwater, and even under infrequent watering regimes,
maintains seed yield and growth, reducing overall water consumption.

Real-World Impact: Ecology, Economy, and Community

Afforestation of salt-affected Vertisols is not just a scientific solution; it is a holistic strategy
for ecological restoration and rural prosperity. Communities benefit through diversified
income (fuel, fodder, timber, fruit, oil), improved soil and water conservation, and increased
livestock productivity. Biodiesel crops and halophytes provide new economic opportunities,
while forage and fuelwood improve self-sufficiency in areas where traditional agriculture
fails.

Conclusion

The combined use of afforestation, agroforestry, and halophyte cultivation on saline Vertisols
is vital for reclaiming India's degraded lands and restoring essential ecosystem services.
These sustainable strategies, grounded in research and local practice, offer practical ways to
improve productivity, rural resilience, and environmental health under challenging
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conditions. As this experience grows, low-cost, high-impact agroforestry approaches in salt-
affected Vertisols will light the way forward for sustainable agriculture.
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