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Introduction

Desertification is a major problem in the drylands of India, affecting the way of life for its inhabitants. The problem is more severe in the arid lands in the north-western part of the country, especially in the desert tracts of Rajasthan and Gujarat, as also in the states of Haryana and Punjab. Studies have been carried out at the Central Arid Zone Research Institute (CAZRI), Jodhpur, to understand the problem, its severity and its spatial distribution. These are summarised in Kar (1992, 1996a) and Faroda and Singh (1997). Over the past few decades CAZRI has also carried out researches for better technologies to counter the ill-effects of desertification. Venkateswarlu (1993), Gupta et al. (1997) and Faroda (1998) have provided summaries on these technologies. The present paper discusses some of these technologies and their utilities.

Wind Erosion Control
Wind erosion is a major problem in the Rajasthan part of the desert (containing the Thar or the Great Indian Sand Desert) where the higher average wind speeds, a dominantly sandy terrain, sparse vegetation cover and high human activities on the sand dunes and sandy plains lead to accentuation of sand blowing. It often leads to erosion of top soil containing precious little organic matter, damages to crop plants, burial of good agricultural lands and infrastructures, as well as disruption of transportation network. A number of mechanical and chemical methods are available globally for the control of wind erosion, but looking to the fact that this desert is highly populated and has a dominantly agricultural economy, rather than nomadic and pastoral one, many of the mechanical and chemical methods of control can not be implemented. So far, the large-scale wind erosion control measures in India have been sponsored by the Government. Farmers protect and manage their fields especially through crop residue management and fencing during critical periods. Economic evaluation of the benefits from Government-sponsored wind erosion control measures are not known. It is, however, estimated that if the Government is to continue this effort at the rate of Rs. 13,000 ha-1, then at least Rs. 117,000 million will be required to cover the moderately and severely affected 8.74 million hectares area in western Rajasthan (Venkateswarlu and Kar, 1996). Two major activities of wind erosion control are sand dune stabilization and shelter belt plantation. 

Sand dune stabilization

Studies at CAZRI have revealed that the sand dunes in this desert can be categorised into the old and the new dunes (Pandey et al., 1964). The old dunes are usually higher than 10 m. These were last formed about 10000 years back, and are naturally stabilised with potentials to support copious natural vegetation. These dunes have extremely low rates of movement, unless their ecology is disturbed by human action. The new dunes are mostly smaller than 10 m. These are forming now, are almost always bare of vegetation, and have a high rate of movement (Singh, 1982, Kar, 1993). Most sand dune stabilization programmes are directed towards the old dunes, so that the production potentials of these lands can be restored. The activities include (a) protection of the area from human and livestock encroachment; (b) creation of micro-wind breaks on the dune slopes, using locally available shrubs either in a checker board pattern or in parallel strips; (c) direct seeding or transplantation of indigenous and exotic species; (d) plantation of grass slips or direct sowing of grass seeds on leeward side of micro-wind breaks; (e) management of revegetated sites (Muthana, 1982; Harsh and Tewari, 1993). 

Cultivation of dune slopes is a major form of land use in the more than 150 mm average annual rainfall zone. The dunes are largely owned by private farmers. Therefore, sand dune stabilization programme in these lands would succeed only with the participation of local population. Initially the dune stabilization programmes mostly involved the plantation of exotic trees and shrubs, but it was soon realised that the locally adapted species which can provide some economic return to the local population, are preferred by the villagers and, hence, they are not averse to protecting and managing such planted species, provided such plantation does not interfere with crop cultivation. 

It is also increasingly realized now by the participants in the sand stabilization programmes that small shrubs and grasses are better sand binders than the trees. However, in most cases retention of a grass cover is a problem, especially because of uncontrolled grazing on the dunes and sandy plains alike. Bio-fencing, using locally non-palatable species, is a cheaper and more effective form of barrier. Unless it is demonstrated that biomass production from the shrub and grass cover on the dunes provides a better financial return to the owners of such lands, as compared to the Kharif crop cultivation, and unless the traditional mind-set of the villagers is tuned to such a message, there is less likelihood of shrubs and grass covers on dunes becoming a successful venture. 

The agencies responsible for sand dune stabilization have their own limitations in carrying out the programme. For example, a number of reactivated hair pin parabolic dunes in the zone of very high wind erosion index in the desert are now being planted with trees and shrubs, especially Acacia tortilis and Prosopis juliflora, at the nosal part of the dunes. Only this  small part is within the jurisdiction of the Government Forest Department. The rest of the area of any such dune belongs to the  farmers nearby, who practice dry farming, often using tractors instead of country plough along the dune slopes, and open grazing during rest of the year. The natural shrubs on the dunes provide fuelwood to these villagers. Faced with such a scenario, the department attempts to develop a ‘forest’ cover in the land within its own jurisdiction. However, the relative paucity of a ground flora in the area of development and the non‑availability of the long upwind parts of the dunes for revegetation programme go severely against the concept of controlling sand control from the dunes (Kar, 1996b). With increasing pressures on the soil and vegetation resources of the dunes each summer, the sand continues to move at an accelerated  pace from the dune slopes, and accrete over to the nosal part of the dunes and then move forward along narrow, artificially created corridors of faster wind flow through the belts of planted trees and avalanche downslope, thus helping the dunes to prograde (Kar, 1996b).

The tree, shrub and grass species, suitable for stabilization programme, are described in Table 4.

Table 4. Plant species suitable for sand dune stabilization 

in Thar desert (after Venkateswarlu, 1993)

Annual rainfall zone (mm)
Trees
Shrubs
Grasses

150-300
Prosopis juliflora, Acacia tortilis, A. senegal
Calligonum polygonoides, 

Ziziphus nummularia, Citrullus colosynthis
Lasiurus sindicus

300-400
A. tortilis, A. senegal, P. juliflora, P. cineraria, 

Tecomella undulata, Parkinsonia aculeata, Acacia nubica, Dichrostachys glomerata, Colophospermum mopane, Cordia rothii
Ziziphus mauritiana, Z. nummularia, C. polygonoides, 

Citrullus colosynthis
Cenchrus ciliaris, C. setigerus, 

L. sindicus, Saccharum munja

400-550
A.tortilis, P. cineraria, P. juliflora, A.senegal, Dalbargia sisoo, Ailanthus excelsa, Albizzia lebbek, P. aculeata, T. undulata, D. glomerata, C. mopane
Z. mauritiana, Cassia auriculata
C. ciliaris, C. setigerus, S. munja, Panicum antidotale

Presently there is hardly any good and totally acceptable solution to the problem. To the land holder, the dune is the plank of his economic well being. With time, it is becoming increasingly difficult for him to keep the land fallow, even for a year.  Therefore, he is willing to regularly cultivate the land and  gamble with nature for growing crops and at the same time accept some degradation and consequent dune movement, rather than to leave the land for fencing and for less lucrative proposals like growing grasses and horticultural crops (Kar, 1996b; Venkateswarlu and Kar, 1996). The suggestion that the upper slopes and other vulnerable parts of the dunes should be left out of the cultivator’s plough is difficult to put to practice. There is no such law. It is also utopian to suggest to the development agencies to formulate ‘appropriate stabilization programmes’ in the so‑called ‘source areas’. Most of the development agencies, including the agencies whose infrastructures are affected (e.g. the railways and the road maintenance departments), have insignificant areas of land at their disposal and much less resources and expertise to provide a long term solution to the menace of sand deposition. What is needed, therefore, is a set of cheap and acceptable solutions for both the private land holders and the development agencies. Given the complexities of situation in which sand movement takes place in the dunefields the solutions will be more  location‑specific (Kar, 1996b).

In the drier western part where large tracts of less accessible sand dunes occur, and where most of the dunes are not being held privately, with consequent very little grazing pressure, aerial broadcast of pelletized seeds of Lasiurus sindicus grass and suitable trees and shrubs have been tried successfully (Shankarnarayan and Kumar, 1986). Such areas should be protected from biotic interference and aerial seeding continued for four to five years, so that a good plant population is ensured. 

Shelterbelt plantation

Erection of shelterbelts along the boundaries of crop fields help to reduce injuries to the tender seedlings from sand blasting and hot desiccating winds. Wind velocity at the lee of shelterbelt is reduced in the 2H to 10H distance and soil loss by about 76 per cent. Usually a three row wind break of Acacia tortilis, Cassia siamea and Prosopis juliflora as the side rows and Albizzia lebbek as the central row is suggested, but shelterbelts of A. tortilis perform better in reducing wind velocity than those of P. juliflora. Shelterbelts also reduce the loss of moisture from fields in the lee of shelters. At least 14 per cent higher soil moisture and 70 per cent more grain yield of pearl millet were recorded in the lee of shelters, as compared to that in the areas without shelters (Gupta et al., 1997).

Experience suggests that across-the-wind plantation of a 13 m wide tree belt, grown in pits and interspersed with 60 m wide grass belt, provides the best results. Establishment of micro-shelterbelts in arable lands, by planting tall and fast growing plant species like castor bean on the windward side, and shorter plants like vegetable crops in the leeward side of tall plants helped to increase the yield of lady’s finger by 41 per cent, and of cowpea by 21 per cent, over the control (Venkateswarlu, 1993). In spite of such good results the shelterbelts in arable lands are not very popular with farmers, because in many cases the trees put hindrance to agricultural operations and inter-field movement. It is now suggested to plant trees on field bunds across the direction of wind (Venkateswarlu and Kar, 1996). 

Other methods of sand control

Plantation of trees and shrubs at every location is not always beneficial. In some areas such plantations lead to more of sand depositional problem. For example, highways in the drier western parts of the Thar get more problems of sand drift where road side plantation along both sides of the roads obstruct the passage of sand-surcharged summer wind in the sandy plain areas. Sometimes the tree rows and the fences to protect them, even on the downwind end of the road, create new problems where none existed before (Kar, 1988). The fences attract more sand during summer and a sand ridge is created along the road. The best way to solve the problem is to allow sand to move across the road. The hard surface of the road acts as a zone of faster grain transportation and, hence, if the surroundings of the road are cleared of structures which reduce the wind velocity and arrest sand, the rest of the problem is easily solved by the road  itself (Kar, 1992; 1994). 

Construction activities within the desert often lead to some sand reactivation which, in due course of time, threaten the structures constructed. In order to minimise such hazard it is desirable to follow some precautions during the construction activities. Kar et al. (1994) suggested some mechanical measures of protecting the sandy terrain from sand blowing after the construction activities related to the laying of a gas pipeline in the dry western part of the desert. These included back-filling of the dug-out material in such a manner that gravel percentage is more near the surface, relative compaction of the surface so that it behaves as a zone of faster grain transportation, and levelling of all undulations along the route so that these do not attract sand accumulation. In the deflated interdunes between linear dunes protection measures like compaction of the back‑filled  material in the trench, first with a mat of Panicum turgidum grass and then with a layer of kankar will provide greater resistance to the high wind in the narrow interdune corridors and along the flanks of the dunes. As far as practicable, ground flora including the small shrubs, should not be uprooted, but may be cut or scrapped. This will help in regeneration of the vegetation (Kar et al., 1994).

Controlling new dunes

The new dunes are devoid of vegetation and are currently forming. Stabilisation programme on such dunes need to be taken up more carefully. Studies in many deserts have indicated that it  is much wiser and economical to avoid the paths of barchans, rather than to interfere with their natural movement. Biological control of such dune has not met with much success, but the chemical stabilisation methods like oil spray have met with some success. However, once the surface is breached by wind a huge amount of sand becomes suddenly available for reworking and the problem multiplies (Watson, 1990). The oil spray is costly and may spoil the land permanently in countries like India where even the barchan slopes are put to monocropping of pearl millet whenever there is monsoon rainfall. Under such conditions it may be worthwhile to attempt a reshaping  of the dune, or to stabilise the dune horns by simple mechanical means (e.g. spreading gravel, dry shrubs, logs etc. on the horns and crest, or putting large boulders) so that its optimum aerodynamic form is disrupted and the barchan is forced to degenerate into other less dangerous forms (Kar, 1996b). However, such techniques do not have permanent success. Moreover, the barchans are not some isolated dunes in the desert plains. They usually occur in a long series. Therefore, immobilization of one or two barchans, or disrupting their aerodynamic shape may be of little consequence when new barchans start arriving at the site and increase the sand load there It is more sensible and economical to let the barchans pass rather than to tamper with their form, unless these pose great danger to some existing structures (Kar, 1994, 1996b).  

Soil and Water Conservation

The wetter parts of the arid zone and the semi-arid areas are more vulnerable to water erosion. To counter crusting of soil and its subsequent erosion from the agricultural fields a number of practices have been suggested. These include contour bunding (low rainfall area) or graded bunding (medium to high rainfall area), contour tillage, contour sowing, etc. (Singh, 1990; Dhruva Narayana, 1993). In the black soil areas ridge and furrow system may help to reduce the problem of waterlogging, while in the hard pan soils deep ploughing at 3-4 years’ interval will ensure better infiltration and root growth. Mixing crop residues and organic matter with light textured soils help to increase the soil moisture and crop yield. 

In the areas where gravel form a significant part of the surface soil volume, but the subsurface is less stony (e.g. Saurashtra upland and Kachchh peninsula), periodic tillage may reduce the danger of water erosion, enhance moisture conservation and ensures better soil drainage. This is one of the reasons why farmers in the fringes of the uplands in those areas mix gravel with heavy textured black soils, while in the uplands they practice occasional tillage.

On the non-arable lands a grass cover ensures minimum soil loss, but not the cultivated fallow. Small and medium gullies can be reclaimed through clearing and leveling of gully bed, followed by construction of contour bunds and check dams, and providing of pipe outlets and ramps with suitable grasses. Deep and closely spaced gullies are not always easily accessible. Gully plugging, planting of grass species like Dichanthium annulatum on gully heads and sides, and plantation of tree species like Prosopis chilensis, Acacia nilotica, Dendrocalamus strictus, P. juliflora, etc. help to control erosion (Dhruva Narayana, 1993).        

Cropland Management

A number of management practices are available for management of croplands in the drylands. Many of these counter land degradation and improve the crop yield. Few such practices are highlighted here.

Minimum tillage

Tillage of land at regular interval usually ensures healthy crop growth. In the sandy soils of arid region farmers normally practice deep tillage after every 3-4 years. It reduces the clod percentage in the surface soils, but encourages wind erosion. Tillage can also cause hard pan development below the depth of tillage, and crusting due to loss of soil structure (Papendic and Parr, 1997). Reduced tillage is, therefore, recommended for such areas and summer tillage is discouraged. Although Papendic and Parr (1997) advocate no-till farming for the best management of the soil, a limited tillage after the first monsoon showers has been found to be ideal in our desert (Gupta, 1993; Gupta et al., 1997). In experimental plots production of mung bean, clusterbean and cowpea increased with the limited tillage of one disking and sowing in a loamy sand soil under an average rainfall regime of 300 mm (Gupta, 1993). In a sandy soil the tillage needs to be further reduced.

Strip cropping

Strip cropping (or lay farming), consisting mostly of a strip of crops, followed by another of grass or shrub with fodder value, has been found to be useful for wind and water erosion control. Plants for the strips are chosen so that they do not compete with each other for moisture, nutrients, etc. The width of strips depends on the types of soil and crop. In the sandy loam of arid areas the strips may vary from 6 to 30 m. At CAZRI Farm, Jodhpur, strips of Lasiurus sindicus grass and Ricinus communis (castor) between two rows of Kharif crops helped to reduce wind erosion and increased the crop production, while at Bikaner 18-20 years old perennial grass strips of Lasiurus sindicus, Cenchrus biflorus and Panicum turgidum not only reduced wind erosion, but also helped to form surface crusting which bound the soil particles (Gupta et al., 1997). In the semi-arid areas the system helps to arrest water erosion and stabilize the production system. A width of 7.8 m was found to be optimum. Sorghum and pearlmillet crops were found to be compatible with Leucaena latisiliqua as fodder crop rows (Singh, 1990).

Management of Permanent Pastures and Rangelands

Permanent pastures are most degraded and most neglected in our desert. Many permanent pastures do not have any basal plant cover. Destruction of natural vegetation and encroachments have increased so much on these lands that the original plant communities have been replaced by poor communities (Kumar, 1998). In order to revert the process the development sites need to be protected from encroachments, for which appropriate legislation and villagers’ participation are needed. It is also to be realized that different landforms (habitats) support different communities, and that the duration of enclosure for development of vegetation in different habitats will be different (Shankar, 1983). Grasses like Lasiurus sindicus, Cenchrus ciliaris and C. setigerus, as well as multipurpose trees and shrubs like Prosopis cineraria, Ziziphus nummularia, Capparis decidua and Acacia nilotica may be grown after some soil working. The improvements can increase the carrying capacity of an average permanent pasture from 2.5 sheep ha-1 to as much as 4.5-6.9 ha-1 sheep in sandy soils and 9.0-13.8 ha-1 sheep in loamy sand soils (Abrol and Venkateswarlu, 1995). Farmers may be encouraged to grow grasses and small shrubs in the short and long fallow lands.

Management of Waterlogged and Salt-affected Areas

Much of waterlogging and salinity-alkalinity hazard is associated with wrong irrigation planning. Some glaring examples are from the command area of the Indira Gandhi Canal, and the command areas of small and medium-irrigation tanks in the desert. The problem can be partly countered by vertical and horizontal subsurface drainage, as has been done in parts of the alluvial soils of Haryana and black soils of Karnataka (Abrol and Gupta, 1990; Rao and Singh, 1990). Lining of canals, judicious use of canal water and soil management are necessary to arrest further degradation of land. Irrigation with high-RSC groundwater has also spoiled much area in the central and southern parts of the desert. The soils can be reclaimed by the addition of gypsum. The requirement of gypsum has now been standardized (Abrol and Gupta, 1990). With proper choice of crops only the upper 15 cm of soil needs to be amended by gypsum. Usually the crops which can withstand excess moisture conditions, can tolerate sodicity. For highly degraded illite-rich soils of Haryana 14-15 t ha-1 of gypsum can start rice-wheat rotation, in which the cultivation of rice further improves the soil (Abrol and Gupta, 1990). Near Jodhpur, irrigation with water containing 2.5-7.5 me L-1  RSC reduced the yield of chillies and cumin by 50%, but plantago and lucerne continued to withstand the adverse effects (Dhir, 1977). A variety of crops have since been grown successfully with such high RSC water in the desert of Rajasthan, especially through gypsum treatment of the soil. The major crops include Wheat, Mustard, Barley, Cumin, Turnip and Sugar beet.

Rehabilitation of Mine Spoils

Mine spoils are becoming a source of land degradation in the arid lands of India, although the area covered under such degradation is still negligible. One of the major constraints in rehabilitation of mine spoils in arid regions is the very poor status of plant nutrients in the overburden/ mine dump. Higher pH, and exchangeable sodium, magnesium, sulpher and phosphorus, as well as salinity-alkalinity build up are the other constraints in many mine spoils (Saxena and Chatterji, 1995). Revegetation of the mine spoils is, therefore, very challenging. CAZRI attempted to revegetate a limestone and a gypsum mine spoil area to the south and east of Jodhpur with some degree of success. Saxena et al. (1997) listed the suitable tree, shrub, and grass species for rehabilitation of different kinds of mine spoils. For example, gypsum, bentonite, Fuller’s earth and clay mine areas can be rehabilitated with species like Prosopis juliflora, Salvadora persica, Acacia tortilis, Albizzia amara, Parkinsonia aculeata, Dichrostachys nutan, Capparis decidua, Desmostachya bipinnata, Cenchrus ciliaris,  etc. Since direct sowing of seeds provide very poor results in the arid areas, it is now advised to transplant 6 to 9 months old saplings, raised in poly-pots. Development of micro-catchments with 5% slope to ensure run-off to single row of plants, and other soil conservation practices like ridge and furrow system and half moon structures, helped to grow shrubs and grasses with about 90 per cent success (Gupta et al., 1998). 

Conclusions

In concluding the review on desertification control technologies being tested and developed at the Central Arid Zone Research Institute, Jodhpur, it may be worthwhile to provide a holistic view of the programme and the philosophy behind it. 

The densely populated desert of India has a dominantly agricultural economy. Much of the land is privately owned, and is under cultivation. Therefore, researches on desertification control technologies here put more emphasis on vegetative control of any particular problem, so that the rural population gets tangible economic benefits out of the control measures being suggested, and become interested in becoming a partner in the control of degradation. Wind erosion control gets more emphasis because it is the single largest problem. Several alternatives for vegetative control of moving sand, involving different mixtures of trees, shrubs and grasses, are now suggested to the farming communities. Improved varieties of crops have been developed and improved farming techniques have also been evolved, which help in better management of the crop lands. For controlling degradation of the rangelands, salt-affected lands, water-eroded lands, mine-spoils, etc., different packages of practices have been evolved. Once the technologies are known, these are tested in farmers’ fields, and the economic benefits from the practices are worked out. The successful technologies are disseminated to the villagers for adoption. The process is a continuous one, and the technologies are being updated regularly.
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