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Wastewater Irrigation: Hubli-Dharwad, India

The twin city of Hubli-Dharwad generates approximately, 60 million litres of wastewater per day (Hunshal et al. 1997), which is discharged untreated from the open city drains (wastewater nallahs) into natural courses that flow into the hinterlands. Along the main wastewater nallahs three distinct cropping systems are apparent: vegetable production (see Bradford et al. 2002); field crops with vegetables; and agroforestry. This article will address the latter cropping system, as out of the three systems, agroforestry has the potential of reducing the high risks that are associated with wastewater irrigation. In addition, the gender implications from wastewater irrigation, wastewater irrigated fodder production, and the controversial issue of bio-medical contaminated wastewater will be briefly addressed.

The spatial variation of the cropping systems result from a combination of factors which include labour availability, farm size, market access, village conformity
 and soil types, with the overriding aspect being the availability of wastewater itself. In the city and suburbs where the wastewater supply is guaranteed intensive vegetable production occurs. In locations where the supply is erratic and unreliable field crops and agroforestry predominate (see Table 1).

Table 1 
Spatial variation of wastewater irrigated cropping systems 

 Main nallah
Village
Distance 
Cropping system

Dharwad
Madihal
2.0km
Vegetable production


Govankoppa
5.4km
Field crops & vegetables


Gongadikoppa
9.2km
Field crops & vegetables


Maradagi
11.85km
Field crops & vegetables

Hubli
Bidnal
2.5km
Vegetable production


Gabbur
8.9km
Field crops & vegetables


Budarsingi
10.7km
Agroforestry


Katnur
13.5km
Agroforestry

         (Distance = length of the wastewater nalla from city source to village including any meander).

Agroforestry Systems

In India, wastewater irrigated agroforestry has long been recognised as a strategy to dispose of urban wastewater, while also rehabilitating and greening wastelands (see Das and Kaul, 1992). In the peri-urban villages of Budarsingi and Katnur on the main Hubli nallah, all farmers bordering the nalla engage in some kind of wastewater irrigated agroforestry practice. In other locations, only sporadic planting of trees on farm boundaries and the occasional agroforestry practice can be observed. The benefits from agroforestry include reduced irrigation requirements and therefore reduced exposure of farmers to wastewater. During the dry season, vegetable crops are irrigated every two days while tree crops are irrigated every ten days. Furthermore, farmers that have adopted agroforestry systems have reported a substantial increase in income from the produce as a result.

Wastewater Irrigated Agroforestry Practices

In Budarsingi and Katnur, the main wastewater irrigated agroforestry practices are ‘tree predominant’ orchard systems and agrosilviculture, consisting of spatially mixed perennial-crop combinations (Young, 1997). The two most important tree species are sapota (Achras zapota) and guava (Psidium guajava); other common species are coconut (Cocos nucifera), mango (Mangifera indica), arecanut (Areca catechu) and teak (Tectona grandis). Species found on farm boundaries include neem (Azadirachta indica), tamarind (Tamarindus indica), coconut and teak. Other less common species are banana (Musa paridasiaca), ramphal (Annona reticulata), curry leaf (Murraya koenigii), pomegranate (Punica granatum), lemon tree (Citrus limon), galimara (Casuarina equisitifolia) and mulberry (Morus indica). 

Tree predominant orchard systems are planted as a single crop of either sapota or guava or a mixture of the two, with tree spacing of 6-7 metres (20-24 ft). Next to the orchards many farmers plant small vegetable plots which are also irrigated with wastewater. Farmers with larger landholdings also plant additional field crops adopting similar cropping patterns to the field crop systems found on the Dharwad transect. The agrosilviculture systems consist of tree rows containing a mixture of sapota and guava. The trees are spaced along the rows at intervals of 6-7 metres (20-24 ft) and each row is planted approximately 9 metres (30 ft) apart. The land between each row is used for field crops. Examples of some of the field crops grown include groundnut in the dry season and sorghum in the kharif. Many adaptations of these agrosilviculture systems were observed; examples included the planting of a teak row amongst the sapota and guava rows and the growing of vegetables between tree rows rather than field crops. Other practices observed included a wastewater-irrigated mulberry field for silk production with widely spaced sapota and guava trees planted amongst the mulberry and plots of wastewater irrigated coconut trees intercropped with arecanut. Two plots of wastewater-irrigated bananas were also observed.

Agricultural Constraints

Farmers in Budarsingi and Katnur identified rigorous weed growth as the main constraint to agroforestry.  Even though fruit pests and disease were evident, the low incidence meant that many farmers took no control measures and as such pesticides were not used on the agroforestry plots. Weeds were identified as problematic, particularly Parthenium hysterophorus. Farmers attribute the wide spread of the weed to seeds that are carried in the wastewater and then pumped onto the fields. Farmers reported that even though the Zygogramma beetle was established, the beetle (an introduced bio-control agent) could not multiply fast enough to control the increasing weed problem. As a result, removal by hand was the main weed control measure and consequently most farmers reported labour shortages. Additional crop problems reported by farmers included the early dropping of fruit from trees and the softening of fruit while still growing; farmers identified wastewater-irrigation as the causal factor for both of these problems. Indeed, a similar problem was reported with apples irrigated with wastewater which resulted in ‘detrimental effects on fruit quality by decreasing flesh firmness and increasing incidence of core flush’ (Meheriuk and Neilsen, 1991: 1269).

Gender Implications of Wastewater Irrigation

The high nutrient loading from wastewater greatly increases the incidences of weeds (Hunshal et al. 1997). Consequently, as the main weed control method is hand tillage, the weeding accounts for the high labour inputs associated with wastewater irrigated cropping systems. Household members meet these labour inputs and within the household women normally carry out these tasks, likewise, when farm labourers are hired they are more likely to be women due to the cheaper labour costs. Budds and Allen (1999) reported that the male population mainly seized the non-farm opportunities, as the wages are higher than in the agricultural sector. In addition, to women becoming the poorest peri-urban group (Budds and Allen, 1999), their exposure to the hazards of wastewater - pathogens, industrial toxins and pesticide residues - is also increased as they spend full days working on the fields. Furthermore, once the days work is finished the women will return to their households and carry out evening chores, which may well include food preparation and cooking thereby increasing the risk of transferring pathogens if basic hygienic standards are not maintained.

Fodder Production

A unique wastewater irrigation system can be found just outside Maradagi on the Dharwad nallah. Since 1995, Bhasker Doddamani has been irrigating a one-acre plot of Napier grass
 (Pennisetum purpureum) with wastewater and borewell water on an alternating daily basis. The grass is grown throughout the year and used as fodder for eight dairy cows and two bullocks stalled nearby. An additional supplementary feed made from a rice by-product is also fed to the livestock. Changing from dry feed to the Napier grass fodder, Doddamani reports a milk yield improvement from 3-4 litre per day to 8 litres per day, an enterprising two-fold increase. Doddamani has an additional 12 acres of rainfed land; nevertheless he chooses not to use wastewater irrigation on this land and leaves it fallow during the dry season. His reasons are labour shortages and time and organisational constraints, but considering Doddamani is over 70 years old his reluctance to work intensely all year round is understandable, and in any case the vastly improved milk yields ensure a secure regular income. 

Bio-Medical Waste

Most farmers have adopted some method of filtering the wastewater as it is pumped from the wastewater nallas (see Bradford et al. 2002).  The rudimentary filtration is used to prevent soils becoming clogged with plastics, disposable syringes and other debris. Several farmers along both the nallas reported the presence of disposable needles and syringes in the wastewater, with one farmer having seen an intravenous giving-set. In Govankoppa, a farmer complained of standing on needles buried in the soil up to 20 times in a single day. The foremost concern for these farmers is the cost of any medical treatment that is required if infection does occur. In Katnur, a farmer displayed a disposable syringe and needle that had been recovered from the filter fitted to the wastewater inlet pipe. He then recounted an ‘experiment’ he had conducted two years previously with the disposable syringe, when he had ‘successfully’ grown ten tomato plants after injecting each plant with 0.5 - 1 ml of undiluted pesticide. Despite the ‘experiment’ working he no longer uses the technique although he still has the needle and syringe (Bradford, 2001). In addition to raising regulatory issues regarding bio-medical waste control, these examples highlight the importance of farmers taking action themselves. The fitting of rudimentary filters to the wastewater inlets is crucial to mitigate the spread of disposable needles, debris, and plastics onto farmers’ fields.

Reducing Risk

The main reason why farmers do not diversify and adopt more sustainable cropping systems is because ‘change’ is associated with risk and farmers that depend on agriculture for their livelihoods will at all costs mitigate any perceived risks. The farmers who have adopted agroforestry practices have done so because they have either additional income generating opportunities or larger landholdings. This reduces their dependency on a single livelihood or small agricultural plot. Furthermore, farmers with larger landholdings are more likely to experiment with small plots of agroforestry and expand such experiments as they reap the benefits and gain confidence in the new practices. This process is clearly occurring in Budarsingi and Katnur, where wastewater-irrigated agroforestry systems have spread as a direct result of farmers observing the practices then adopting them once they are confident they work; in this case ‘change’ is no longer perceived as a risk and thus agroforestry practices are freely adopted.

Adoption of agroforestry systems reduces farmers’ direct contact with and exposure to sewage, due to the reduced irrigating requirements of tree crops in comparison to vegetables and field crops. In addition, the use of organo-phosphate pesticides is greatly reduced, as the diverse agroecosystems systems become more stable and less vulnerable to pest populations. This process could be enhanced through the extension of appropriate IPM strategies using participatory approaches such as farmer field schools. These empower farmers through education and training which are designed to meet the needs of smallholders and marginalised farmers and incorporate traditional pest control methods. Therefore, the development of micro technologies at the farm level to reduce risk is a crucial component within this process and examples of this process are clearly evident in Hubli-Dharwad, where some innovative farmers have diversified their agroecosystems by incorporating agroforestry practices.
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� The fact that most small farmers get their information from neighbours, friends and relatives is likely to contribute to the village conformity that can be observed in cropping patterns (Dent, 2000)


� Napier grass is sometimes used as an alternative to vetiver grass (Vetiveria zizanioides) as a vegetative barrier for soil and water conservation, as the latter can not be used for livestock fodder (Morgan, 1995)
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