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Transforming Barren Rocky Basaltic
Terrain into Cultivation of Arable Crops

Introduction

Indian agriculture is confronting with the dichotomous challenges of food security and
sustainability within finite land and water resources and impending climate changes. Thus,
providing vistas from science of land-water-environment continuum suiting to the societal needs
for food security remains a plausible option. About 42% (6 m ha) of degraded land in India mainly
suffers with hard pan and having shallow soil depth. The soil formation is through the weathering
of basaltic igneous rock. The scanty rainfall, recurring droughts, ill drained soil and improper
technology for agriculture, ground water recession in addition to high temperature are the major
driving forces for the poorly developed soil formation in these areas. The site at [CAR-NIASM was
covered with shallow 0.1-0.3 m murrum soil made with parental basaltic rock shield exposed due
to slow physical, chemical and biological weathering process. An attempt was made to convert this
type of barren rocky land into cultivation depending upon the investment power, risk taking
ability and availability of irrigation water. We are having sound techniques for bringing
uncultivable rocky barren lands under cultivation for arable crops and horticulture crops.

Details of transformation of rocky barren land

The ICAR-NIASM has developed viable technology for transforming uncultivable rocky basaltic
terrain into productive land within a short period of three years. Steps involved in bringing the
shallow basaltic rocky land to productiveland are:

Step 1: Ripping and chaining by heavy machineries

In mechanical process, parental rock blocks were targeted to be disintegrated into smaller sized
boulder/ garvels/granular forms either by blasting or ripping. First the land was subdivided into
terraces and subplots based on the topography across the slopes. The top 0.1 - 0.3 m murrum soil
was scrapped and separately collected by front dozer before levelling terrace/ plots with the aim of
reusing this soil for top filling of terrace/subplot. For performing ripping operations heavy
machines (Dozzers, 200 HP) were used. The ripping of the area was carried out using Dozer with
ripper (Model No. D355)for breaking the weathered and non-weathered rock/murrum fragments
down to the 0.9 mdepth through its tines. Finer grades of the primary and secondary zeolite
materials were further induced through chaining with the same dozers. The processes of ripping,
chaining and pushing were repeated 2 - 3 times till the terrace/plots got uniformly levelled.
Though after each ripping operation, big hardy stones got crushed by chaining with the dozers.
The hard stones remaining even after chaining were collected physically and transported for their
utilization in filling the base of the roads.

Step2: Blasting

After scrapping/removing the shallow top murrum soil, the exposed hard rocky portions left in
patches after chaining and ripping by the heavy dozers were shattered by blasting. For this
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purpose series of holes of approximately 50 mm size were drilled using semi-automated tractor
operated drill machine at spacing 0.5-1 m and 0.6-0.9 m depth depending upon the hardness of the
rock along a line defining where the rock should split. Blasting releases energy in the form of
fragmentation and displacement of rock, vibration of ground and air blast. The heavy stones
during the blasting were collected and used for road filling. The remaining material thus generated
was again chained, ripped and pushed for levelling.

Step 1 : Ripping/chaining of rocky surface Step 2 :Blasting

Step 3: Removal and collection of the heavy boulder for road filling

Step 3: Application of Spent wash

The sugarcane is the major crop of this region and distillery spent wash, a by-product from sugar
industries is available in large quantities. Since the raw spent wash is acidic and having pH 4.0, it
was used for reaction with parental rocky materials/ murrum and thus augmenting the process of
soil development by chemical disintegration. Moreover, being a rich source of organic matter (OC
43.8 g /1) in addition to macro-and micro-nutrients, it helps the microbes to flourish and induces the
reactions of their by-products e.g. organic acids with zeolites and other materials and subsequently
resulting in their dissolution. The raw spent wash (acidic nature) from Malegaon Corporative
sugar factory was applied two times with an interval of 6-12 months in all the farm terraces/fields
in furrows or on beds with effluent pipes from tankers. The impacts of acids in spent wash and
those generated with decomposition of organic matter could be visualised in terms of resultant
smaller sized stones/murrum so generated. The rocky basaltic/ zeolitic boulders/stones also got
so softened and vulnerable after treatment with spent wash that these further disintegrated into
smaller pieces of sand and gravels of different sizes when the fields were ploughed. Some plots at
ICAR-NIASM were filled with black soil transported from outside up to 2 ft depth.

— 5



Technology Bulletin

Step 4: Green manuring for enrichment with organic carbon and application of SMS

Once the field plots in the south-side were ready after ripping/blasting, chaining, spent wash
application, removal of boulders and levelling, uniformity test was conducted for each field by
growing Dhaincha) and also using it for green manuring. It helped to add the organic matter,
nutrients etc. in the soil

The analysis of surface soils in plot with native murrum soil showed that these were still gravelly
(70-90 % gravels of various sizes and rest 10-30 % less than 2mm) and low in fertility (organic
carbon ~0.04% and available Nand P ~14 and 1.4 kg/ha, respectively). Thus further attempts were
made to enrich the soil fertility status through addition of organic manures. It was decided to add
20-25 Mg of FYM per hectare. But due to unavailability of FYM in large amount, the alternate
sources of organic i.e. spent mushroom substrate based upon the cheaper supplies considering its
organic carbon and nutrient content (C:N 30:1, N, P, K2.35,0.32,0.17 %), were used.

Step 5: Levelling of fields

Land levelling is a precursor to good agronomic, soil, and crop management practices. Uneven soil
surface has a major impact on the germination, stand, and yield of crops due to non-uniform water
distribution and soil moisture. Effective land levelling optimizes water-use, improves crop
establishment, reduces the irrigation time and the effort required to manage the crop. The field
plots were fine levelled using tractor operated front dozer (75 hp) and land leveller. Recommended
safe limit of the slope 0.1-0.4% based on soil condition in the direction of irrigation was maintained
whilelevelling each field plot.

Step 4: Application of spent wash to field Step 5: Application of spent mushroom substrate (sms)

Step 6: Levelling of field plots Step 7: Growing of dhaincha crop
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26.5m ha
rocky, barren, shallow
&
11 uncultivable land

Initial condition of land Condition of land after 4 years

Cost of technology

For developing 1 ha rocky basaltic terrain into productive land, the cost will vary from Rs 55,000-
70,000 depending upon the nature of slope and extent of hardiness. Farmers can generate income of
Rs 60,000 from the second year only and this income will gradually increase with the time as a
result of increase in yield due to increasing soil content.

Impact and beneficiaries

Nearby farmers adopted the technology mostly spent wash for disintegrating the murrum to soil
and theirafter filling their field plots with black soil and used degraded rocky shallow basaltic land
under cultivation. Thus, the cultivable area of the country can be increased. Substantial area out of
26.5 million hectare of similar basaltic uncultivable area (8 % of our geographical area) can be
broughtinto cultivation.
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