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PROLOGUE 

Participatory groundwater management (PGM) in the combined Andhra Pradesh1 State started 

with wells for smallholders in 1995 in an Indo-Dutch bilateral project called the Andhra Pradesh 

Bore-well Irrigation Schemes (APWELL project). APWELL provided about 3,500 bore-well irrigation 

systems to small and marginal farmers or small holders (farmers owning less than 1 hectare of farm 

land) in seven drought prone districts. In 2000, with growing global concern about indiscriminate 

tapping of groundwater, participatory hydrological monitoring (PHM) and artificial groundwater 

recharge (AGR) were launched as a first step to ensure sustainability of the new smallholder wells. 

Smallholders with new well irrigation systems were the primary PHM stakeholders, who were 

instrumental in organizing all groundwater farmers in a given hydrological unit (HU). Crop–water 

budgeting (CWB) was conceived in 2001 as the final rung on the PHM ladder, after one-year’s 

farmer data became available. A methodology for the CWB exercise was evolved working with 

farmers during the hydrological year 2000–2001.  

 

Formal closure of APWELL in 2003 prompted up-scaling of its successful pilots through a full-scale 

(5 year) project, christened as Andhra Pradesh Farmer Managed Groundwater Systems (APFAMGS) 

project. APFAMGS was later operationally transferred to FAO due to change in the policy of the 

Government of India (GoI). Through the APFAMGS platform, about half a million smallholders in the 

combined state of Andhra Pradesh showed their capability to manage their groundwater systems 

sustainably, given the knowledge and skills they accessed through the project. Their bold efforts 

were ultimately recognized when the APFAMGS model made its way into the Twelfth Five Year Plan 

of India. A detailed account of this experience is given in the FAO publication – “Smallholders and 

Sustainable Wells, A Retrospect: Participatory Groundwater Management in Andhra Pradesh 

(India)”.  

 

There is no denying that smallholders in APWELL-APFAMGS did well to take control of groundwater 

management of their HUs. However, other parameters that need to be considered in sustainable 

farming include topography, climate, soil, and biotic factors. Topography (elevation and slope) and 

physical and chemical properties of the soil such as texture, color, organic matter content, pH and 

fertility levels – these will determine the crops that are naturally suited. Climatic factors, such as 

climate type, temperature, rainfall, relative humidity, sunshine hours, and frequency of droughts 

will influence crop yield. Biotic factors -- living organisms including ruminant animals, insects and 

other pests, disease pathogens and weeds, as well as organisms having beneficial effects like 

abundance of pollinators have a major role to play in plant growth and crop yield. Quantum of 

water available (soil moisture, in case of rain-fed crops) is the most important consideration in 

farming. Other considerations include availability of local technical assistance, marketability, and 

profitability. 

 

It was realized towards the end of APFAMGS that though the farmers mastered the art of matching 

annual groundwater withdrawal with recharge, there was scope for further strengthening of their 

knowledge and skills in land management, especially in the light of the growing global concern on 

                                                 
1 Unless otherwise mentioned, Andhra Pradesh, in this document, refers to the undivided state of Andhra Pradesh, since all of the 
project activities were implemented before bifurcation on 2nd June 2014 

http://www.cropsreview.com/climatic-factors.html
http://www.cropsreview.com/biotic-factors.html
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the impact of climate change on rural livelihoods. FAO approached the GEF for funding to broaden 

the farmer agenda from that of ‘sustainable groundwater management’ to ‘sustainable land and 

water management for climate resilient agriculture’. The new project, financed by GEF, was named 

‘Strategic Pilot on Adaptation to Climate Change project’ (SPACC), which began implementation, in 

December 2010.  

 

The SPACC intervention for the first time brought key climate and farm related information, both 

historical and real-time, to farmers’ doorstep. The information consisted of: i) historical 

temperature and rainfall trends; ii) real-time information on 7 climate variables (temperature, 

humidity, rainfall, evaporation, sun-shine hours, wind speed, and wind direction); iii) information on 

soil (type and classification based on hydrogen ion concentration and percentage of calcium 

carbonate); iv) real-time information on soil organic carbon, available nutrients (nitrogen, 

phosphorous, potassium, and sulfur), micro-nutrients (boron, zinc, iron, and manganese); v) real-

time available soil moisture; and vi) historical and real-time groundwater balance. 

 

In this publication, “Smarter Tools for Smallholders” we start from the place where we left in the 

previous FAO publication – “Smallholders and Sustainable Wells”. We have sincerely attempted in 

this publication to give an account of the smallholders journey from participatory groundwater 

management to climate resilient agriculture which we did by capturing the experiences from 

implementation of SPACC project during 2010-2014. As the title suggests, this is the story of the 

same farmers who showed the world the art of PGM.  

 

The views and ideas expressed in this publication stem from our association with SPACC project in 

the capacity of the Project Manager, National Project Task Manager, and FAO Representative in 

India, respectively. We hope the reader finds this experience useful, especially those engaged in 

implementation of community based climate change adaptation projects. 

 
 

S V Govardhan Das 

Satya Priya 

Peter E Kenmore 

 

 

September 11, 2014 
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EXECUTIVE SUMMARY 

1.  Background 
 

Rationale: The Strategic Pilot on Adaptation to Climate Change (SPACC) Project evolved based on 

the experience of the Andhra Pradesh Farmer Managed Groundwater Systems (APFAMGS) Project. 

While APFAMGS focused on sustainable groundwater management, SPACC broadened the scope of 

intervention to climate adaptation pilots, in view of observed and projected changes or variability in 

the climate. A network of nine NGOs, with Bharathi Integrated Rural Development Society (BIRDS) 

as the project holder, implemented the SPACC project.  

 

Unit of intervention: The unit of project intervention was a Hydrological Unit (HU) – “catchment of 

a third or fourth order stream having effluent/influent relationship with the local aquifer system”. 

The project intervention was limited to 9 HUs, covering 143 habitations, in 18 mandals (blocks). 

SPACC HUs form part of four River Basins viz., Krishna, Gundlakamma, Pennar and Palar.  

 

General climate: Climatic zones in India are categorized based on the Köppen classification system, 

according to which, most of the plateau of peninsular India is classified as Tropical wet and dry or 

savannah climate. Except Upparavanka (Anantapur district), which has hot semi-arid climate, all the 

remaining 8 HUs witness tropical wet and dry climate. The National Agricultural Research Project 

(NARP) identified seven agro-climatic zones in combined state of Andhra Pradesh. This 

classification is adopted by the Government of India (GoI), Indian Meteorological Department 

(IMD). SPACC HUs form part of four agro-climatic zones of NARP. Mallappavagu (Mahabubnagar) 

and Nathiganicheruvu form part of the Southern Telangana Agro-climatic Zone; Chinneru (Kurnool) 

and Upparavanka (Anantapur) come under Scarce Rainfall Agro-climatic Zone; Bokkineru (Kadapa) 

and Rommonivagu (Chittoor) under Southern Agro-climatic Zone; and Yadalavagu, 

Narsireddipallivagu, and Jampaleru (all in Prakasam) under Krishna Godavari Agro-climatic Zone. 

 

Land use: The Project Area covers an area of 127,435 ha of land, of which: 43.4 percent is under 

forest; 19.9 percent (25,362 ha) is cultivable; 11.9 percent (15,220 ha) is uncultivable wasteland; 9.7 

percent (12,381 ha) is permanent fallow; 6.0 percent (7,610 ha) is barren land; 3.9 percent (4,973 ha) 

is under pastures; 2.6 percent (3,254.9 ha) is under water bodies; 2.1 percent (2,669 ha) is under the 

residential areas; and 0.5 percent is under mining.  

 

Demography: The project Area is inhabited by a population of 210,694, of which 104,206 (49.5 

percent) are female and 106,488 (50.5 percent) are male. The gender ratio in the in the project area 

is worked out at 962 female for every 1000 male, below the state ratio 992 female for every 1000 

male. Literacy rate in the project area is 56.5 percent, far below the state literacy rate (60.8 

percent). Agriculture is the main source of livelihood for 89.6 percent of the population, while the 

remaining 10.4 percent is dependent on income from services. Of the agriculture-based families, 

47.1 percent are agriculturists and 42.5 percent are agricultural labor. Smallholders constitute the 

bulk (about 90 percent) of the agriculturists.  

 

http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification
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2. Inputs and Results 
 

Baseline study: Analysis of temperature variability in the project area was carried out using 25-year 

temperature data from 7 stations, for the period 1970-2011. Analysis of rainfall variability in study 

area was carried out using rainfall data (a minimum of 22 years for Nalgonda district and a 

maximum of 40 years for Anantapur) from 9 stations (varying between 1963 to 2011) operated by 

Mandal Revenue officers (MROs), apart from the data collected by APWELL2/APFAMGS farmers. 

Historical record of climate variability, specific to their micro-climate i.e., HU, was provided to the 

community in the form of data sets on two parameters viz., temperature and rainfall. Results of the 

analysis of historical data were also shared in a specially convened workshop, apart from handing 

over the soft/hard copies of the reports to the community based climate adaptation committees 

(CAC) that had been set up under the project at the habitation and HU levels.  

 

Community operated weather stations (COWS):Six equipments were installed as part of COWS viz., 

i) Rain Gauge (non-recording type); ii) Evaporation Pan; iii) Stevenson Screen, consisting of 

(maximum-minimum and dry-wet bulbs/thermometers); iv) Sunshine recorder; v) Wind Vane; and 

vi) Anemometer. Seven weather parameters measured, in the same sequence, were: i) rainfall; ii) 

evaporation; iii) temperature; iv) humidity; v) sunshine hours; v) wind direction; and vi) wind speed. 

IMD standards were followed for construction of masonry structures to fix this equipment. Local 

masons were trained in construction of structures housing the monitoring equipment. In most 

cases, farmers donated land for establishing COWS, while at few places, common land was used. 

The dissemination of COWS data at the habitation level was carried out through information boards, 

erected at central places of a village. Communities were encouraged to compare the average of the 

historical data (rainfall and temperature) with the real time data to understand the climate 

variability of that particular year or season. The graphs thus generated were discussed on several 

platforms including meetings of CAC, and during farmer climate school (FCS) sessions. 

 
Crop water budgeting: The legacy of APFAMGS continued into SPACC in the form of crop water 

budgeting (CWB), carried out once a year, in the month of September-October. This annual fair is 

attended by groundwater farmers across the HU. The HU network (HUN) and farmer volunteers 

conducted these workshops, steered by the Chairman of the HUN.  

 

Adaptation pilots on main crops: Each of the PNGOs organized CBO3 leaders, Officers and Scientists 

Workshops to create a platform for discussing findings of the local climate variability study, its 

implications for different crops, and climate adaptation options. Agriculture issues, climate related 

as well as soil-water related and biotic factors, in cultivating a certain crop were then listed. Thus 

location specific i.e., specific to agro-climatic zone and soil situations, package of practices were 

evolved. Trials were taken up farmer fieldsadmeasuring0.2hectare (ha). Adjacent plots of the same 

size were kept as control plots for comparison of pilot practices with that of conventional farmer 

practices.  

 

Soil moisture measurement: SPACC trained farmers in measuring field capacity, wilting point and 

soil moisture, using gravimetric method. Equipment (digital weighing machines and electric ovens) 

was provided to farmers for measuring soil moisture. This resulted in real-time monitoring of soil 

moisture during cropping season, enabling farmers to make decisions on irrigation schedules. 

 

                                                 
2 An Indo-Dutch bilateral project – “Andhra Pradesh Bore-well Irrigation Schemes”, implemented during 1995-2003 
3 Community based organizations 
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Soil quality analysis: As a prelude to evolving location specific package of practices in groundwater 

based agriculture, three essential activities were implemented in the SPACC project, viz., i) 

identification of broad soil types, by merging HU boundary map with soil map of GSI; ii) soil 

classification based on hydrogen ion concentration (pH) and calcium carbonate content, deduced 

from the soil analysis reports; and iii) estimation of available soil organic carbon, nutrients and 

micro-nutrients, again based on the soil analysis report. These helped farmers to take appropriate 

measures to address soil quality issues. 

 

Biotic monitoring: SPACC consciously encouraged farmers to keep track of biotic environment of 

their fields, especially through special FCS sessions. Pests trapped in pheromone traps and other 

types of sticky boards were used as biotic monitoring tools. 

 

Farmer climate schools: FCS in SPACC was a used as a platform to learn from COWS and Adaptation 

pilots. FCS was a yearlong school coinciding with the hydrological year and continued through 

different cropping seasons. FCS sessions started in June and continued till May, synchronized with 

crop seasons. It used participatory and experiential methods to engage farmer participants in a 

discovery learning processes, and 25-30 farmers participated in a FCS. They were divided into small 

learning groups. FCS was conducted adjacent to farming plots and the primary learning material 

was information gathered by farmers through COWS and adaptation pilots. Field Days were 

conducted at the end of each FCS cycle to share participants’ learning and results of their studies 

with the larger community. Field Day also included a graduation ceremony for FCS participants. A 

total of 1156 farmers (650 female and 506 male) graduated from two cycles of FCS sessions. Ballot 

Box Exercise (BBE) method was used in FCS to gauge participants' current knowledge and 

practices. The same set of questions was used in BBE in the first and eleventh FCS session. It is 

found that there was a clear improvement in their knowledge and skills on topics related to climate 

adaptation. 

 

Climate adaptation committees: Village level meetings were conducted to nominate additional 

members to HUNs to form CACs; 9 pilot HU-CACs were registered under Societies Registration Act 

35 of 2001. All the information collected or generated during the project implementation were 

handed over to the HU-CAC or partner NGO for their future use.  

 

Sustainability measures: Apart from technical support provided during the project period, through 

its partner NGO, several functional linkages were established between CAC and local agencies that 

could provide technical assistance after project closure. Important institutions that would support 

CAC initiatives include: Regional agriculture research stations (RARS) at Palem (Mahabubnagar), 

Nandyal (Kurnool) and Tirupathi (Chittoor); Krishi Vignana Kendras (KVK) at Kadapa, Darsi 

(Prakasam), Gaddipalli (Nalgonda), Anathapur, Yagantipalli (Kurnool), Madanapuram 

(Mahabubnagar); Agriculture Department at Ongole (Prakasam), Chittoor, Anantapur, and Kadapa; 

and Biological control laboratory, Nandyal. Additionally, the project has created a pool of local 

community resource persons -- 65 staff members were trained in COWS data collection; 9 masons 

trained on COWS construction; 295 farmer volunteers trained on COWS Module 1 (data collection) 

and Module 2 (COWS data recording, data dissemination and operation and maintenance of the 

scientific equipment). One thousand one hundred fifty six farmers (650 female and 506 male) 

graduated from FCS. About 1000 students were oriented, in a special drive, on the climate 

variability and its impact. Equipment and infrastructure created during project implementation was 

formally handed over to HU-CAC by the partner NGO in April 2014. The climate adaptation fund 

(CAF) was created toward closure of the project, which is expected to give some initial boost to this 

gigantic task of CAC. There is a clear written agreement between the local NGO and CAC that the 
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fund could be utilized only for the purpose of climate adaptation including operation and 

maintenance of COWS, crop specific adaptation pilots, and running of FCS. SPACC also established 

linkages of Climate Adaptation Committee (CAC) with the agriculture market committees (AMC), 

though they seem weak at this point in time. 

 

3. Process: Four Case studies 
 

Case studies: It is next to impossible to dig into the entire database and compile a gigantic 

publication, detailing out different experiences from 9 hydrological units and across four cropping 

seasons. Therefore, we look at the process of SPACC intervention at four HUs viz., Upparavanka 

(Anantapur), Mallappavagu (Mahabubnagar), Yadalavagu (Prakasam), and Rommonivagu 

(Chittoor). We start with groundnut cultivation in Kharif 2012, and go on to look at castor cultivation 

in Kharif 2013, followed by fodder cultivation in Rabi 2012-13, and finally tomato cultivation in Rabi 

2013-14.  

 
Climatic conditions: Trend analysis of historical climate data revealed an increasing trend for 

average annual rainfall received at Upparavanka, Mallappavagu, and Yadalavagu. The average 

annual rainfall received at Rommonivagu showed a decreasing trend. A general decreasing trend for 

annual averages of daily maximum temperatures was noticed at Upparavanka and Yadalavagu; 

while Mallappavagu and Rommonivagu showed an increasing trend. Rommonivagu showed no 

trend. A general decreasing trend was observed in case of annual averages of daily minimum 

temperatures at Upparavanka, Mallappavagu, and Rommonivagu, while Yadalavagu showed no 

trend.  

 

Climate during crop growing season: Groundnut grown in Kharif 2012 witnessed moderate drought 

(rainfall 28.4 percent less than normal). Castor grown in Kharif 2013 witnessed extreme wet (rainfall 

about 87 percent in excess) conditions. Temperatures were not high (20-270C) during flowering 

stage, and it can be concluded that the climatic conditions during Kharif 2013 were more or less 

favorable for growing castor. Napier grass grown in Rabi 2012-13 received rainfall required sufficient 

for its growth (about 450 mm). Light showers alternated with bright sunshine are very congenial to 

the crop. Farmer records reveal that there were 14 rainy days, and 8 hours of daily sunshine, during 

the crop growing season. Tomato, grown in Rabi 2013-14, did not receive the required amount of 

rainfall. Required temperature and humidity conditions were prevailing during tomato growing 

season. 

 

Soil conditions: The SPACC operational area is underlain by three types of soils viz., deep black, 

mixed red and black, and red sandy. Values of pH show that 6 percent of the soils in the project 

area were slightly acidic (pH 6.1-6.5) and another 6 percent were neutral soils (pH 6.6-7.3). 18 

percent of the soils were slightly alkaline (pH 7.4-7.8). CaCO3 values reveal that that 75 percent of 

soils in the project area were non-calcareous (< 5 percent CaCO3), while the remaining 25 percent 

of the samples fell in the slightly calcareous (5-15 percent CaCO3) category. It was found that only 1 

percent of the soils in the project area were high (> 0.75 percent) in organic carbon. 51 percent of 

soils were medium (0.5-0.75 percent) and 48 percent were low (< 0.5 percent) in organic carbon.  

 

Soil nutrients: 84 percent of soils in the project area were low in available nitrogen; 11 percent were 

low in available phosphorous; 2 percent were low in available potassium; 44 percent were low in 

available sulfur; 37 percent of the soil samples showed available boron is below the critical level; 67 

percent of the soil samples showed available zinc below critical level; 5 percent of the soil samples 

showed available iron below critical level; and 1 percent of the soil samples showed available 

manganese below the critical level.  
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Soil condition during cropping season: Soil analysis reports showed that soils at Upparavanka, 

Mallappavagu, and Yadalavagu in general were medium in soil fertility i.e., medium in major 

nutrients and organic carbon. Whereas, soils at Rommonivagu were in general low in soil fertility 

i.e., low in major nutrients and organic carbon. 

 

Groundwater: It can be concluded form the analysis of annual groundwater balance estimates that 

three HUs moved from the situation of deficit groundwater balance to a match or surplus situation, 

in the past eight years. This was possible due to reduction in the groundwater withdrawal. The plots 

of static water levels show that the depletion started in 2008-9, lowest  in 2009-10, and the process 

of bouncing back started (regaining levels 2-08) towards end of 2013. Now the wells are in good 

condition, in terms of yields. 

 

Soil-moisture during crop growing season: It is clear from the records of soil moisture 

measurement in crop fields that there was no issue of moisture stress in case of Mallappavagu and 

Yadalavagu. While soil moisture was not measured at Upparavanka in Kharif 2012, there was 

moisture stress in December and January, at Rommonivagu. 

 

Biotic factors: Pests reported in groundnut fields in Kharif 2012 included: Helicoverpa, Spodoptera, 

and curl leaf. Diseases reported in groundnut included: cercospora leaf blight, early leaf spot, and 

late leaf spot. Pests reported in castor fields were: hairy caterpillar, castor semi-looper, castor 

capsule and shoot borer, jassids, red spider mite and spodoptera. Recorded diseases in castor of 

Kharif 2013, included: seedling blight, botrytis blight, alternaria blight, pod rot, and bacterial leaf 

spot. No pests and diseases were recorded in Napier grass fields. In tomato grown in Rabi 2013-14, 

pests and diseases reported in farmer record were: fruit borer, leaf curl and leaf blight. 

 

Measures taken to address climate issues: The drought resistant variety (Kadiri 9) of groundnut 

could withstand the 30 days drought. Rainfall deficit for tomato, in Rabi 2013-14, was overcome by 

providing irrigation at critical stages of plant growth. 

 

Measures taken to address water/moisture issues: i) mulching; ii) vermicomposting; iii) ploughing 

across the slope; iv) critical irrigations from wells; and use of wilt resistant varieties (K-9 variety of 

groundnut and PHC 111 variety of castor). 

 

Measures taken to address soil issues: i) farm yard manure and vermicomposting to improve 

organic carbon, organic matter, microbial population, and water retention capacity of the soil; ii) 

single super phosphate and phosphorous fertilizer in spilt doses to overcome phosphorous 

deficiency; iii) potassium fertilizer in split doses to overcome potassium deficiency; iv) elemental 

sulfur to overcome sulfur deficiency; v) zinc sulfate to overcome zinc deficiency; vii) iron sulfate and 

borax with chelated micro-nutrient fertilizers to overcome micro-nutrient deficiency; vii) application 

of elemental sulfur to neutralize soil alkalinity; and viii) bio-fertilizers, organic manure, green 

manure, and in situ incorporation nitrogen fixing plants to overcome nitrogen deficiency.  

 

Measures taken to address biotic issues: i) deep summer ploughing to expose pupae to high 

temperature and destroy; ii) collection of eggs and tiny caterpillars and destroying; iii) pheromone 

traps to trap different types of pests; iv) white and yellow sticky traps for trapping white flies; v) 

greasy pads for trapping sucking pests; vi) spraying neem oil and neem powder after germination 

to control different types of pests; vii) application of bio-fertilizers; viii) drenching with crop oil 

concentrate (COC) to minimize the effect of botrytis blight; ix) poison bait (calotropis) to control 

sucking pests; x) seed treatment (for example with trichodermaviridi); and xi) cultivation of trap 

crops to save the main crop from pest attack. 
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Crop yields: Crop yields of groundnut grown by SPACC farmers in Kharif 2012 were above the 

district average. Groundnut grown in the pilot plot yielded slightly better than that of groundnut in 

the control plot. Crop yields of castor grown by SPACC farmers in Kharif 2013 were far above the 

district average. Castor yields in the pilot plots were much better than that of in the control plot. 

Napier grass cultivation is not significant in the district. However, Napier grass grown in the pilot 

plot yielded slightly better than that in the control plot. Crop yields of tomato grown by SPACC 

farmers in Rabi 2013-14 were below the district average. However, tomato grown in the pilot plot 

yielded slightly better than that of tomato in the control plot. 

 

Net profit from farming: Profit from groundnut cultivation in the pilot plot was more than that of 

the control plot. Highest profit from groundnut cultivation was that of M. Mallikharjuna (INR 

32,8304 per ha.). Profit from castor cultivation in the pilot plot was more than that of the control 

plot. Highest profit from castor cultivation was that of Ramadevi (INR 74,318 per ha.). Profit from 

fodder cultivation, through sale of milk, in the pilot plot was more than that of the control plot. 

Highest profit from fodder cultivation was that of Y. Umamaheswari (INR 87,687 per ha.). Profit 

from tomato cultivation in the pilot plot was more than that of the control plot. Highest profit went 

to C. Ramanamma (INR 19,250 per ha.).  

 

4.  Emerging climate adaptation approaches 
 

Community operated weather stations (COWS): SPACC has successfully evolved a method of 

demystifying climate variability and its impact through COWS. The original strategy was to spread 

the data collection apparatus across the HU, to ensure good people’s participation. Though this 

strategy worked well, the experiment with school climate monitoring station received 

overwhelming response from the students, school management and proved to be a sustainable 

and replicable intervention. It is also heartening to note that farmers parted with precious land for 

establishing COWS stations, voluntarily.  

 

Crop-specific adaptation pilots: There is lot to learn from crop-specific adaptation pilots in terms of 

addressing issues related to climate, water/moisture, soil, and biotic factors. Given only two full 

seasons were available for experimenting with the several adaptation options, specific to micro-

climate and crop, it is felt that more time is required to take up this kind of pilot activities of 

technical nature, and its proper documentation. This is more important keeping in view livelihood 

implications for smallholders. 

 

FCS: Farmer Climate School (FCS) is critical to integrate adaptation pilots and COWS, and facilitate 

sustained capacity building. FCS provided the platform wherein participants discussed data on 

weather parameters, its impact on crop growth, pest and disease infestation, and soil moisture 

availability. The FCS Cycle 2013-14 followed the crop cycle under adaptation pilots. Farmer 

participants shared that crop focused FCS sessions are more relevant.  

 

CAC: A key advantage of SPACC was that it was built upon the foundation of the APFAMGS project. 

Community institutions as well as partner NGOs had a history of working together. SPACC provided 

these institutions a natural extension of this agenda to address climate variability and change. This 

institutional readiness gave SPACC a head start in terms of its ability to demystify and translate the 

abstract concepts of climate variability, change and adaptation into concrete action for livelihood 

enhancement. Considering this, the original 3-year time frame of the project seems enough. 

                                                 
4 The exchange rate is about 60 INR per 1 USD 
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However, similar initiatives with communities, in India or elsewhere need to consider this pre-

project enabling situation when deciding on the time allotted for community mobilization. 

 

Climate adaptation plan (CAP): CACs were encouraged to develop plans for specific crops in Kharif 

2014 and Rabi 2014 based on adaptation pilot learning to cope with climate variability. CAPs 

improved farmer preparedness to cope with climate variability.  

 

Diffusion: Real-time involvement of national and state level policy makers was possible through 

very functional and critical steering committees, both at the project and national level. This was 

incorporated in the project design, which seems to be a clever strategy to empanel government 

officers on the steering committees, for immediate diffusion of new ideas into the mainstream 

developmental agenda. Interactions between farmers, local officers and scientists helped identify 

locally feasible adaptation options. The CBO Leaders – Officers and Scientists workshops brought 

together these key stakeholders to identify feasible adaptation options. 

 

5. Relevance  
 

General: Adaptation is now recognized as an essential part of the global response to climate 
change. Community based adaptation (CBA) is an emerging area, but current efforts are mainly 
limited to address issues arising out of devastations such as floods and tsunamis. In this situation, 
SPACC brings in a different perspective, focusing in semi-arid tropics of India.  
 
Importance of groundwater based agriculture: At the global level an estimated 70 percent of all 
water withdrawn is used up by agriculture. In India, groundwater accounts for almost 60 percent of 
all agricultural withdrawals. Groundwater development has led to increased drought proofing of 
India’s agricultural economy. Even after implementation of all major and medium irrigation projects 
(under construction and contemplated), groundwater sources will still dominate, particularly so in 
drought years. Thus, sustainable management of groundwater plays a major role in the agriculture 
sector, which in turn contributes to the economic development of this mainly agrarian country. 
 
Vulnerability of a smallholder: The United Nations World Water Development Report (2003) states: 
“In India, 69 percent of people in non-irrigated areas are poor; in irrigated areas this figure falls to 
2 percent”. Therefore, there is a clear link between the incidence of poverty and access to 
irrigation. Access to groundwater can be a major engine for poverty alleviation and economic 
development in rural areas. Indian farmers are increasingly dependent on input dealers for any kind 
of scientific advice, making him/her vulnerable to the input dealer’s possibly ill-placed advice as they 
promote their products. Therefore individuals and communities need to be encouraged to 
understand their options for change; choose from these options; assume responsibility for 
implementation of options that these choices imply and then realize their choices could radically 
alter the way the world uses its limited water resources.  
 
Relevance at the national level: i) COWS is relevant for Integrated Watershed Management 
Program (IWMP), a flag-ship program of MoRD; ii) COWS model can be mainstreamed into the 
program of the Ministry of Education (MoE), by establishing School Climate Monitoring stations; iii) 
CWB and FCS are relevant for the Ministry of Agriculture (MoA); iv) CWB can also be linked with the 
National Aquifer Mapping and Management Program of the MoWR, anchored by the CGWB; v) 
Krishi Vignan Kendras (KVK) can gain from the SPACC experience; vi) Mahatma Gandhi National 
Rural Employment Guarantee Scheme (MGNREGS) can gain from linkages with the CACs; vii) 
insurance companies can use the farmer generated data; and viii) National Agriculture Bank for 
Rural Development (NABARD) and the Asian Development Bank (ADB) and other multi-lateral 
banks may gain from SPACC model of climate adaptation. 
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Relevance at the state level: The programs that can gain from SPACC experience in two states viz., 
Telangana and Andhra Pradesh are: i) “Rural Inclusive Growth” and “Neeranchal” programs, 
implemented by the Rural Development Departments; and ii) products developed and by SPACC 
and ready for the use. The states will also the benefit of 467 (186 male and 281 female) trained 
farmer resource persons (FRPs) who can be directly involved as resource persons in future state 
initiatives aiming at climate change adaptation. Given the fact that the project operational area now 
falls under two states, it is beneficial if partner NGOs quickly re-network themselves under two 
different umbrellas, and negotiates with GEF, FAO, and NABARD for accessing the Adaptation Fund, 
for up-scaling of SPACC experience at the state level, through at least one pilot HU in each district.  
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1.  BACKGROUND 

This chapter gives a brief background of the project and the project area, apart from discussing 

purpose of this publication. 

 

1.1. Project background 
 

The project “Reversing Environmental Degradation and Rural Poverty through Adaptation to Climate 

Change in Drought Stricken Areas in Southern India: A Hydrological Unit Pilot Project Approach”, 

simply referred to as the SPACC Project, was implemented during the period December 2010 – June 

2014. SPACC was a medium size project (MSP) financed by the Global Environmental Fund (GEF, with 

co-financing from FAO. SPACC was part of the SLEM program of GoI, implemented through MoEF, 

which is the GEF Focal Point in India.  

 

SPACC Project was evolved based on the experience of the APFAMGS Project. While APFAMGS 

focused on sustainable groundwater management, SPACC broadened the scope of intervention to 

sustainable land and water management, in view of the need to adapt to the observed and projected 

change or variability in the climate. The global environmental objective of SPACC project was stated 

as: “Establish a knowledge base for large-scale intervention on climate change adaptation”. The 

project development objective was stated as: “Knowledge and capacities of communities in pilot 

hydrological units in Andhra Pradesh, India are strengthened to respond to climate change impacts”. 

SPACC was implemented using result based management (RBM) framework.  

 

Key activities/events executed by SPACC were: a) baseline study; b) COWS; c) CACs; d) adaptation 

pilots; e) FCS; and f) CAP.  

 

A network of nine NGOs, with BIRDS as the project holder, implemented SPACC project (see table 1.1). 

The PMU, based at Hyderabad, constituted with a team of multi-disciplinary professionals, provided 

technical as well as managerial support. The project activities were implemented based on Annual 

Work Plan and Budgets (AWPB) evolved in partnership with the community based organizations 

(CBOs), referred to as CACs. CACs served as a vehicle for project implementation and to reach people 

who were vulnerable to drought and water scarcity, arising out of climate change/variability. Details 

of CBOs involved in the project implementation are furnished in table 1.2. 
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Table 1.1: Partner nongovernmental organizations 

SN Acronym Full Name of the registered Society District State 

1.  CARE Centre of Applied Research and Extension Mahabubnagar TS 

2.  SAID Social Awareness for Integrated Development Nalgonda TS 

3.  BIRDS Bharathi Integrated Rural Development Society Kurnool  AP 

4.  SYA Star Youth Association Anantapur AP 

5.  GVS Gram Vikas Samstha Chittoor AP 

6.  PARTNER 
People’s Activity and Rural Technology Nurturing Ecological 

Rejuvenation 
Kadapa AP 

7.  CARVE 
Collective Activities for Rejuvenation of Village Arts and 

Environment 
Prakasam AP 

8.  DIPA Development Initiatives and People’s Action Prakasam AP 

9.  SAFE Society For Sustainable Agriculture And Forest Ecology Prakasam AP 
 

 

Table 1.2: CACs formed and strengthened  

SN NGO Full Name of the registered CAC District State 

1.  CARE 
Mallappavaguneetiparivahakaprantabhugarbhajalamariyuvatava

ranaparyavenkshna committee 
Mahabubnagar TS 

2.  SAID 
Nathiganicheruvubhugarbhajalamariyuvatavaranaparyavenkshn

a committee 
Nalgonda TS 

3.  BIRDS 
Chinneruparivahakaprantabhugarbhajalamariyuvatavaranaparya

venkshna committee 
Kurnool  AP 

4.  SYA 
Upparavankaparivahakaprantabhugarbhajalamariyuvatavaranap

aryavenkshna committee 
Anantapur AP 

5.  GVS 
Kadirinayanicheruvupranthabhugarbhajalamariyuvatavaranapar

yavenkshna committee 
Chittoor AP 

6.  PARTNER Bokkineruneetiparivahakaprantayaajamanya committee Kadapa AP 

7.  CARVE 
Yadalavagubhugarbhajalamariyuvatavaranayaajamanya 

committee 
Prakasam AP 

8.  DIPA 
Narsireddypallivagubhugarbhajalamariyuvatavaranaparyavenksh

na committee 
Prakasam AP 

9.  SAFE 
Jampalerubhugarbhajalamariyuvatavaranaparyavenkshna 

committee 
Prakasam AP 

 
1.2. Area background 
 

The unit of project intervention was a hydrological unit (HU) – “catchment of a third or fourth order 

stream having effluent/influent relationship with the local aquifer system”. The option for third or 

higher order was simply because of the fact that the first and second order streams shown on a map 

are not fixed and they can take different routes depending on the amount and intensity of rainfall. It 

is found that only the third order streams, shown on a topographic map, have some-what fixed 

channels of flow. Another important reason for choosing a HU as unit of intervention was the fact 

that land and water use are fundamentally determined by the topography. Another historical reason 

was that those HUs were already intervention units of APWELL5 and APFAMGS6 projects, 

predecessors of SPACC. Especially from a ‘groundwater’ point of view, the practical unit for 

                                                 
5 An Indo-Dutch bilateral project implemented during 1995-2003, aiming at economic development of small-holders. 
6 A FAO’s nationally executed (NEX) project, supported by the Dutch, and executed by a network of NGOs, aiming at sustainable and 

community based management of groundwater resources. 
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management of aquifer systems is a drainage basin where recharge and discharge areas can be 

readily identified and agreed with groundwater users. There may be some groundwater connection 

across hydrological units, but to all intents and purposes, the recharge occurring in one unit will 

appear as discharge in the same topographically defined unit.  

 

Geographically, the project area lies between northern latitudes 130 22' 06.5" and 170 0.0' 58.2"; and 

between eastern longitudes 790 48' 58.7" and 770 36' 40.2". The figure on the front inner cover shows 

the location of the project intervention. The project intervention was limited to 9 hydrological units 

(HU), covering 143 habitations, in 18 mandals (blocks). Nine HUs, constituting the project area, form 

part of the Survey of India (SOI) topographic maps (1:50,000 scale): 56 O/8, 56 P/5, 56 P/9 

(Nathiganicheruvu); 56 L/10, 56 L/11 (Mallappavagu); 57 I/11, 57 I/12 (Chinneru); 57 I/16, 57 J/13 

(Bokkineru); 57 E/11, 57 E/12 (Upparavanka); 57 K/7 (Rommonivagu); 57 M/6 (Yadalavagu); 57 I/14, 57 

I/15, 57 M/2, (Narsireddypallivagu); and 57 I/4, 57 M/2 (Jampaleru). Figure 1.1 shows drainage of 9 HUs, 

covered under SPACC project, while table 1.3 gives drainage characteristics of main streams.  
 

Figure 1.1: Drainage of hydrological units  
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Table 1.3: Drainage characteristics of the mainstreams 

SN Code Hydrological Unit Flow Direction Tributary River  

1 MV Mallappavagu North -South Dindi Krishna  

2 NC Nathiganicheruvu North -South Musi Krishna  

3 RV Rommonivagu Northwest-Southeast Koundinya Palar 

4 UV Upparavanka Northeast-Southwest Peddavanka Pennar 

5 BK Bokkineru East-West-South Sagileru Pennar 

6 CN Chinneru East-West-South Vakkileru Pennar 

7 YV Yadalavagu South-North Gundlakamma Gundlakamma 

8 NV Narsireddypallivagu South-Northeast Gundlakamma Gundlakamma 

9 JE Jampaleru East-West-South Gundlakamma Gundlakamma 

 

The general slope in the Project Area is towards southwest. The general drainage in the project area is 

towards east i.e., from uplands in the west to Bay of Bengal in the east. The project area falls under 

four River Basins viz., Krishna, Gundlakamma, Pennar and Palar. Mallappavagu (Mahabubnagar 

district) and Nathiganicheru (Nalgonda district) form part of the Krishna River Basin. Yadalavagu, 

Jampaleru and Narsireddypallivagu drain into Gundlakamma River. Bokkineru, Upparavanka, and 

Chinneru are streams running into the tributaries of Pennar River. Rommonivagu (Chittoor district) 

drains into Koundinya stream, a tributary of Palar River. 

 

Climatic zones in India are categorized based on the Köppen classification system, according to which, 

most of the plateau of peninsular India is classified as Tropical wet and dry or savannah climate. 

Upparavanka (Anantapur district) witnesses hot semi-arid climate, whereas all other 8 HUs witness 

tropical wet and dry climate. Typically in tropical wet and dry climate, winter and early summer are 

long dry periods with temperature above 18°C. Summer is very hot and the temperatures in the 

interior areas can go above 45°C during May. The rainy season is from June to September (Kharif) and 

the annual rainfall is between 750-1500 m.  

 

According to Köppen, semi-arid climate can be identified between desert climate sand humid climates 

in ecological characteristics and agricultural potential. Semi-arid climates tend to support short or 

scrubby vegetation. Hot semi-arid climates tend to be located in the tropics and subtropics. These 

climates tend to have hot, sometimes extremely hot, summers and mild to warm winters.  Hot semi-

arid climates are most commonly found around the fringes of subtropical deserts. The most common 

variant of a hot semi-arid climate, found in India, experiences the seasonal effects of monsoons and 

has a short but well-defined wet season, but is not sufficiently wet overall to qualify as a tropical 

savanna climate.  

 

Delineation of Agro-climatic Zones of India was carried out under the NARP, for the purpose of 

developing location specific research and development strategies for increasing agricultural 

production. A total of 127 agro-climatic zones have been identified based on a comprehensive 

research review of each state. While delineating zonal boundaries, physiographic divisions of each of 

the state, its rainfall pattern, soil type, availability of irrigation water, existing cropping pattern and 

administrative units have been considered. Seven agro-climatic zones were identified, in combined 

state of Andhra Pradesh, under NARP viz., i) AZ114-North Coastal; ii) AZ115-Southern; iii) AZ116-

Northern Telangana; iv) AZ117-Scare rainfall zone of Rayalaseema; v) AZ118-Southern Telangana; vi) 

AZ119-High altitude and tribal; and vii) AZ120-Krishna Godavari.  

 

The SPACC project area falls into four agro-climatic zones of this classification adopted by the Indian 

Meteorological Department (IMD). Mallappavagu (Mahabubnagar) and Nathiganicheruvu fall in 

http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification
http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification
http://en.wikipedia.org/wiki/Tropics
http://en.wikipedia.org/wiki/Subtropics
http://en.wikipedia.org/wiki/Monsoon
http://en.wikipedia.org/wiki/Wet_season
http://en.wikipedia.org/wiki/Tropical_savanna_climate
http://en.wikipedia.org/wiki/Tropical_savanna_climate
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Southern Telangana Agro-climatic Zone; Chinneru (Kurnool) and Upparavanka (Anantapur) under 

Scarce Rainfall Agro-climatic Zone; Bokkineru (Kadapa) and Rommonivagu (Chittoor) under Southern 

Agro-climatic Zone; and Yadalavagu, Narsireddipallivagu, and Jampaleru (all in Prakasam) under 

Krishna Godavari Agro-climatic Zone.   

 

From the maps published by Geological Survey of India (GSI) and Survey of India (SoI), it was found 

that the project area is underlain by rocks belonging to Pre-Cambrian Age, consisting of Achaean, Late 

Achaean to Early Proterozoic, Middle Proterozoic and Upper Proterozoic Periods. While Achaean and 

early Proterozoic period in the project area is represented by Peninsular Gneissic Complex, Cuddapah 

group of rocks represent the Middle Proterozoic time. Upper Proterozoic formations in the project 

area are known as Kurnool Group of rocks. To a large extent the nature and composition of the soil is 

determined by the rock type of an area, unless it is transported.  

 
The Project Area covers an area of 127.435 ha of land, of which: 43.4 percent is under forest; 19.9 

percent (25,362 ha) is cultivable; 11.9 percent (15,220 ha) is uncultivable wasteland; 9.7 percent (12,381 

ha) is permanent fallow; 6.0 percent (7,611 ha) is barren land; 3.9 percent (4,973 ha) is under pastures; 

2.6 percent (3,255 ha) is under water bodies; 2.1 percent (2,669 ha) is under the residential areas; and 

0.5 percent is under mining. 

 

Project Area is inhabited, in its 143 habitations (9 HUs), by a population of 210,694, of which 104,206 

(49.5 percent) are female and 106,488 (50.5 percent) are male. It is evident from figure 1.2 that 

gender ratio in the in the project area is worked out at 962 female for every 1000 male, below the 

state ratio 992 female for every 1000 male. Literacy rate in the project area is 56.5 percent, far below 

the state literacy rate (60.8 percent).  

 

Figure 1.2: Gender ratio and literacy rate  

 
 

Agriculture is the main source of livelihood for 89.6 percent of the population, while the remaining 

10.4 percent is dependent on profit from services. Of the agriculture based families, 47.1 percent are 

agriculturists and 42. 5 percent are agriculture labor. Of the agriculture families, 21 percent are small 

farmers7; another 21 percent marginal farmers8; and 5.1 percent are big farmers9. Under the National 

Rural Employment Guarantee Scheme (NREGS), the government is mandated to provide employment 

to the rural population for a minimum 100 days in a year, during non-cropping season (January to 

May). However, it is found that 69 days labor per family, on the average, was provided in the project 

area, in the year 2010. 

 

                                                 
7A cultivator with a land holding of two hectares or less 
8A cultivator with a land holding of one hectare or less 
9A cultivator with land holding of more than two hectares 
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1.3 Purpose of this publication 
 

The SPACC Project brought out a number of knowledge products, databases, and reports. Knowledge 

products were aimed at improving the community knowledge. Databases were maintained but no 

attempt was made to look back at them and come out with a comprehensive analysis that could be 

useful to others who are doing similar work. Reports were routine, in a prescribed format, and dealt 

more with numbers indicating progress of project implementation at certain point of time.  An 

important oversight during initial stages of project implementation was focusing on three key 

components of the project viz., COWS; adaptation pilots on crop-specific package of practices; and 

FCS. However, FCS was used as platform to converge all the ideas emerging out of project activities, 

especially COWS and adaptation pilots.  

 

The current publication attempts to address these weak links in project documentation. In the 

process of compilation of this publication, a detailed review of reports, databases and knowledge 

products was carried out to bring out meaningful analysis of the project results and their impact. An 

attempt is also made in this publication to carry out systematic analysis of inter-linkages of three key 

SPACC elements viz., COWS, Adaptation pilots on main crops, and FCS. 

 

The current publication is organized into five chapters, background being the first. An account of 

project inputs and results thereof is given in chapter 2, in 10 sections. Chapter 3 is heart of the 

publication discussing in detail, the process of project implementation, using 4 specific case studies. 

Chapter 4traces climate adaptation approaches emerging from the SPACC experience. The final 

Chapter 5 discusses the relevance of SPACC intervention in general and in specific to national and 

state contexts. 
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2. INPUTS AND RESULTS 

The ten key project inputs were: i) baseline study; ii) COWS; iii) CWB; iv) adaptation pilots on main 

crops; v) soil moisture measurement; vi) soil quality analysis; vii) biotic monitoring; viii) FCS; ix) CAC; 

and x) sustainability measures. Apart from discussing these inputs in detail, we look at the results 

generated thereof, in this chapter. 

 

2.1. Baseline study 
 

Analysis of rainfall variability in study area was carried out using rainfall data (a minimum of 22 years 

for Nalgonda district and a maximum of 40 years for Anantapur) from 9 stations (varying between 

1963 to 2011) operated by Mandal Revenue officer (MRO), apart from the data collected by 

APWELL/APFAMGS farmers. Apart from trend analysis, rainfall deviation was computed using 

Standardized Precipitation Index (SPI) values. 

 

Historical record of climate variability, specific to their micro-climate i.e., HU, was provided to the 

community in the form of data sets on two parameters viz., temperature and rainfall. Results of the 

analysis of historical data were also shared in a specially convened workshop, apart from handing 

over the soft/hard copies of the reports to CACs. This set the stage for the COWS.  

 

2.2. Community operated weather stations  
 

The SPACC adopted technical criteria of the IMD, in selection of sites for establishing weather 

monitoring stations, apart from taking into consideration social conditions. Six equipment were 

installed as part of COWS viz., i) Rain Gauge (non-recording type); ii) Evaporation Pan; iii) Stevenson 

Screen, consisting of (maximum-minimum and dry-wet bulbs/thermometers); iv) Sunshine recorder; 

v) Wind Vane; and vi) Anemometer. Seven weather parameters measured, in the same sequence, 

were: i) rainfall; ii) evaporation; iii) temperature; iv) humidity; v) sunshine hours; v) wind direction; and 

vi) wind speed. IMD standards were followed for construction of masonry structures to fix the 

equipment. Single wire mesh fencing with a gate (utilized to display basic information) was provided 

along with lock and key facility for security of the facility. Local masons were trained in construction 

of structure housing monitoring equipment. In most cases, farmers donated land for establishing 

COWS, while a few places common land was used. Figure 2.1 shows the COWS stations. 

 

About 900 farmer volunteers (half of them woman), with right attitude and determination, were 

trained in data collection, operation and upkeep of the weather station. To create awareness on 

climate variability and its impact for future generations i.e., school children and college students, 

orientation programs were conducted at 18 school/collages, covering about 1000 school/college 

students, a wise investment in future citizens of the country. The curriculum included: technical 

aspects of equipment; their installation; data collection and recording; and upkeep of COWS stations 

and equipment. Volunteers collected climate data at 08.30 hours, every day.  
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Figure 2.1: Community operated weather stations 

 
 

 
 

Across the project 295 skilled persons were available with sufficient knowledge and capacities on 

climate data monitoring and recording at local level. 104 village level women climate monitoring 

volunteers actively participated in cows. 9 hydrological unit level climate variability and impact data 

was made available across 143 villages. Climate variability database of air temperatures, relative 

humidity, evaporation, wind speed, wind direction and sunshine hours was generated at HU level. 

Climate variability impacts data viz., water saved, water harvested, crop yield, water levels, soil 

moisture availability and organic carbon for 2010 to 2014 was made available to farmers. 

 

Documentation of COWS data at the project level was in the form of Microsoft excel database. This 

data was available for four years of 9 pilot hydrological units from 2010 Kharif to 2014 Rabi. The 

dissemination of COWS data at the habitation level was carried out through information boards, 

erected at central places of a village. Two types of information boards were designed specifically for 

the dissemination of real time climate variability of pilot hydrological units. One board was dedicated 

to disseminate the real time climate variability in numerical form, which had provision for one-month 

data display on the board, updated, every month. The second board had provision for graphical 

representation of real time rainfall and temperature variability in the past 25 years with important 

crop stages like germination, development, vegetative and flowering. Figure 2.2 shows samples of 

information boards erected in SPACC.  
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Figure 2.2: Information boards  

 
 

Communities were encouraged to compare the average of the historical data (rainfall and 

temperature) with the real time data to understand the climate variability of that particular year or 

season. The graphs thus generated were discussed on several platforms including CAC meetings and 

FCS sessions. Farmers found the COWS facility extremely useful in making decisions during the 

cropping season. Figure 2.3 is the press clipping which shows farmers’ perspective on COWS, as 

expressed in interviews with local press. 

 

Figure 2.3: Press-clipping showing farmers’ perspective on COWS 
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2.3. Crop water budgeting  
 

The annual CWB, legacy of APFAMGS continued into SPACC, carried out once a year, in the month of 

September-October. This annual fair is attended by groundwater farmers across the HU. The 

Hydrological Unit Network (HUN) and farmer volunteers conducted these workshops, steered by the 

Chairman of the HUN.  

 

Figure 2.4: Crop water budgeting in progress 

 
 

 
 
The workshop programs were evolved in APFAMGS, which essentially consisted of presentations 

(using cloth banners) on: i) estimate of the groundwater recharge during June-September; ii) 

estimate of the groundwater withdrawal during June-September; iii) consolidated (at HU level) crop 

plan for remainder of the hydrological year (October-May); iv) estimate of groundwater requirement 

if the said crop plan was to be implemented; and v) estimate of groundwater balance for the 

hydrological year with current crop plan. Then the farmers were encouraged to brainstorm, in groups, 

as to how the groundwater balance could be brought to near zero (matching the withdrawal with 

recharge). HUN and farmer volunteers facilitated these group discussions, providing information on 

crops, irrigation methods/techniques/tools, and other options to reduce annual groundwater 

withdrawal.  
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2.4. Adaptation pilots on main crops 
 

Each of the Partner Non-Governmental Organizations (PNGOs) organized CBO leaders, Officers and 

Scientists Workshop (COSW) to create a platform for discussing findings of the local climate variability 

study, its implications for different crops, and climate adaptation options. In 9 pilots HUs, 512 persons 

participated, of which 477 were from CACs, 21 were scientists and 14 were government officers. Soil 

information was used in conjunction with COWS and CWB to facilitate selection of crops for pilots by 

farmers. Agriculture issues, climate related as well as soil-water related, in cultivating a certain crop 

were then listed. Scientific information generated as a result of SPACC intervention was used by 

individual farmers, with the facilitation of the CAC, to choose the crops for adaptation pilots. The local 

scientists provided information on recent science and technology innovations that could be tried out 

as part of adaptation pilots. The officers offered support through on-going governmental programs 

as an additional input in adaptation pilots. Figure 2.5 shows adaptation pilots in progress. Table 2.1 

lists the crops on which adaptation pilots were undertaken as part of SPACC implementation. 

 

Figure 2.5: Adaptation pilots in progress 

 
 

 
 
Farmers chose main crops to ensure large-scale adoption of improved package of practices emerging 

out of the field experiments. Adaptation pilots were closely monitored by the local agriculture 

scientists and farmers were encouraged to keep track of the inputs and results in the form of a diary. 

Adaptation farmers were invited as resource persons in FCS sessions (in case s/he is not a participant) 

to share his/her experience with the field trial. This gave the community an opportunity to decide on 

which of the improved practices really worked.  
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Table 2.1: Crops covered under adaptation pilots 

SN Hydrological Unit Crop season 

Kharif 2012 Rabi 2012-13 Kharif 2013 Rabi 2013-14 

1. Mallappavagu Cotton Groundnut, chilly, 

bhendi, field bean 

(maize as border 

crop) and tomato 

Castor (intercrop: 

pigeon-pea) 

Groundnut 

(cow-pea as 

intercrop and 

castor as 

border crop) 

2. Nathiganicheruvu Cotton Groundnut and 

Ridge Gourd 

Cotton Groundnut 

(intercrop: 

cow-pea) 

3. Chinneru - Groundnut (castor 

as border crop) 

Rice Groundnut 

(border crop: 

castor) 

4. Upparavanka Groundnut 

(intercrops: 

pigeon-pea10 

black-eyed pea11 

and pearl-millet) 

- Groundnut Tomato 

(intercrops: 

maize and 

marigold) 

5. Rommonivagu Groundnut 

(intercrops: 

pigeon-pea, black-

eyed bean, field 

bean, and 

sorghum) 

- Finger-millet (inter 

crops: pigeon-pea, 

cow-pea, peal-

millet, and 

cucumber 

Tomato 

6. Bokkineru - Groundnut, 

Chickpea, and Sun-

flower 

Cotton 

(intercrops: 

sorghum, sesame, 

mustard, pigeon-

pea, black-eyed 

pea, and bottle 

gourd) 

Groundnut 

(Intercrop: 

maize) 

7. Yadalavagu - Black-gram and 

Fodder (Hybrid 

Napier Grass) 

Cotton Finger-millet 

and Tomato 

(intercrop: 

pearl-millet) 

8. Narsireddipallivagu - Hybrid Napier Grass Cotton Chickpea and 

Tomato 

9. Jampaleru - Maize, Chilly 

(intercrops: 

sorghum and 

castor), and Tomato 

Cotton (intercrop 

– maize) 

Maize and 

Tomato 

 

                                                 
10Pigeon pea 
11 A variety of cow-pea 



 

13 

 

Adaptation Pilots were taken up on farmer fields and measuring 0.2 ha. Adjacent plot of the same size 

was kept as control plot for comparison of pilot practices with that of conventional farmer practices. 

Pilot plots and selected crops were typical of the HUs and agro-climatic zones. Scientific information 

and support was organized as main inputs into the pilot experiment. The main purpose of adaptation 

pilot was to assess the performance of location and crop specific package of practices in addressing 

issues arising out of climate variability/change. FCS was used as platform for discussion of the 

experience of pilot farmers and training of other farmers in the FCS batch.  Field days were organized 

at adaptation pilots to share participants learning and results of their studies to larger community. 

Monitoring implementation of pilots was carried out, in SPACC, by encouraging farmers to cultivate 

the practice of “farmer’s daily record”, which was later compiled into weekly, monthly and crop 

season database.  

 

2.5. Soil moisture measurement 
 

Apart from providing farmers with information on the soil categories in their village, HU and agro-

climatic zone, SPACC trained farmers in measuring field capacity, wilting point and soil moisture. 

Equipment provided to farmers for measuring soil moisture consisted of: i) hot-air oven; ii) electronic 

weighing machine; and iii) aluminum dishes. Soil moisture percentage in the soil sample collected in 

the aluminum dish was estimated using gravimetric method. About 200 farmers were trained in soil 

moisture measurement.  

 
2.6. Soil quality analysis 
 

As a prelude to evolving location specific package of practices in groundwater based agriculture, four 

essential activities were implemented in SPACC project, viz., i) identification of broad soil types, by 

merging HU boundary map with soil map of GSI; ii) soil classification based on hydrogen ion 

concentration (pH) and calcium carbonate content, deduced from the soil analysis reports; iii) 

estimation of available soil organic carbon, nutrients and micro-nutrients, again deduced from the soil 

analysis report; and iv) finding out field capacity and wilting point of soils, through a specific farmer 

training.  

 

CACs took the technical assistance of reputed local soil analysis laboratories. While six CACs accessed 

the facility provided by Iota laboratories based at Hyderabad, run by a retired soil scientist of the 

Agriculture University, the remaining two CACs availed the facilities at KVKs. Trained members of 

CACs collected the soil samples from farmer plots, using standard soil sampling procedures, and 

carefully transported to the laboratories in sufficient quantities. Soil samples were collected two 

times, once before sowing and another after the harvest, both from pilot and control plots.  

 

Both the laboratory facilities, as per the request of the project authorities, measured 11 soil 

parameters viz., pH; electrical conductivity (EC); organic carbon; available nutrients (nitrogen, 

phosphorous, potassium, sodium, calcium, magnesium, chlorides, and sulfur; and available 

micronutrients (zinc, copper, iron and manganese). The soil analysis reports were shared with the 

respective farmers (who participated in the adaptation pilot) as well as in CAC meetings. A session 

was dedicated in FCS to discuss reports of the soil analysis, which included specific recommendations 

on soil nutrient management, including: crops suitable to be grown in the soil; and type, dosage and 

time of fertilizer application. Now the farmer was equipped with another tool to decide on the crop 

type, in addition to CWB estimations. 
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2.7.  Biotic monitoring 
 

SPACC consciously encouraged the farmers to keep track of biotic environment of their fields. Pests 

trapped in pheromone traps and other types of sticky boards were used as biotic monitoring tools. 

Symptoms of different plant diseases were discussed with adaptation farmers and a method of 

diagnosis was evolved using local terminology. Biotic monitoring not only helped keeping track of the 

pest and disease attack on crops under adaptation pilots, but also gave an opportunity for the farmer 

to compare his regular pest and disease prevention and control measures with that recommended 

practices in the pilot plot. Adaptation farmers participated in FCS sessions, if not as participant, as a 

resource person, to share the results of biotic monitoring and exhibiting trapped insect pests in the 

form of insect zoo and plant parts to show disease affected leaves or stem. 
 

2.8. Farmer Climate School (FCS) 
 

FCS in SPACC was a used as a platform to learn from COWS and adaptation pilots. The FCS was a year-

long school coinciding with the hydrological year and continued through different cropping seasons. 

FCS sessions started in June and continued till May, synchronized with crop seasons. It used 

participatory and experiential methods to engage farmer participants in a discovery learning 

processes. 25-30 farmers participated in a FCS. They were divided into small learning groups. FCS was 

conducted adjacent to farming plots and the primary learning material was information gathered by 

farmers through COWS and adaptation pilots. Field Days were conducted at the end of one FCS cycle 

to share participants learning and results of their studies with larger community. Field Day also 

included a graduation ceremony for FCS participants. A total of 1156 farmers (650 female and 506 

male) graduated from two cycles of FCS sessions. 

 

Two Curriculum Development workshops were conducted to evolve a common curriculum for FCS 

2012-13, which was more generic. It was divided into 12 sessions: i) Introduction to FCS and Pre-Ballot 

exam; ii) Knowing the Hydrological Unit; iii) climate change/variability (CC/V); iv) impact of CC/V on 

agriculture; v) impact of CC/V on water availability; vi) impact of CC/V on human and animal life; vii) 

community operated weather stations (COWS); viii) water management; ix) soil management; x) 

sustainable agriculture; xi) animal husbandry; and xii) field day. In FCS 2013-14, crop specific curricula 

were developed to make it more relevant for the farmers. Session Guides were developed directly for 

each session, as they progressed. Curriculum development workshops were conducted at the end of 

the cropping season to consolidate the experience of crop specific FCS in that particular season.   

 

Ballot Box Exam (BBE) method was used in FCS to gauge participants' current knowledge and 

practices. The same set of questions was used in BBE in the first and eleventh FCS session. Questions 

were selected covering all the topics that were dealt with in FCS calendar. Each participant was given 

a specific registration number and ballot slips bearing the same number. The number of ballot slips 

was equal to the number of questions. Each question had three options – ‘Yes’, ‘No’, and ‘No Idea’. 

Three envelopes were pasted beneath each question with each representing one of the three 

options. The participant answered the question by placing his/her ballot in one of the envelopes. 

Before starting the activity, the facilitator shared and clarified the rules and regulations that the 

participants had to abide by during the BBE.  
 

The percentage of improvement in knowledge/skill of FCS participant was estimated by subtracting 

the overall score of the participant in pre-BBE form the score of post-BBE. Individual scores were 

averaged to assess the HU level performance.  Table 2.2 shows the change of farmer’s skills after 

graduating from FCS.  
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Figure 2.6: Farmer climate school in progress 

 
 

 
 

Table 2.2: Improvement (%) in knowledge and skills after FCS 

SN Hydrological Unit 

Percentage of improvement in knowledge/skill in climate adaptation 

Overall Woman 

Pre-BBE Post-BBE Improvement Pre-BBE Post-BBE Improvement 

1 Mallappavagu 66 91 38 59 90 53 

2 Nathiganicheruvu 75 92 23 65 94 45 

3 Chinneru 54 72 33 57 83 46 

4 Upparavanka 48 84 75 61 96 57 

5 Bokkineru 76 91 20 75 92 23 

6 Rommonivagu 68 80 18 75 78 4 

7 Yadalavagu 65 83 28 64 89 39 

8 Narsireddypallivagu 59 80 36 52 77 48 

9 Jampaleru 45 75 67 56 78 39 

 Average 61.8 83.1 30.2 62.7 86.3 39.3 

 

Compared to the pre-BBE average score of 61.8 percent, the post-BBE average score was more at 83.1 

percent, showing an improvementof 30.2 percent at the project level. Higher level of improvement 

was observed at Upparavanka and Jampaleru, owing to a low baseline value. In contrast, lower level 

improvements were noticed at Bokkeneru and Rommonivagu, again due to higher baseline values. 

The other HUs improved in the range of 23-38 percent. Woman seem to have done better with 39.3 

percent overall improvement.  
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2.9  Climate Adaptation Committees (CAC) 
 

Village level meetings were conducted to nominate additional members to HUNs to form CACs. 9 pilot 

HU-CACs were registered under Societies Registration Act 35 of 2001. The Executive Committee of the 

HU-CAC meets once a quarter to deliberate on COWS and adaptation pilot’s information and their 

dissemination for the benefit of farmers, apart from strategic planning for effective implementation 

of project activities. The deliberations of CAC were documented in the minutes of the meeting and 

action plans developed in the quarterly meeting were followed up by the office bearers. Sub-

committees were formed to assist the office bearers and the Executive Committee in day-to-day 

monitoring of key activities, including COWS, Adaptation Pilots, and FCS. 

 

All the information collected or generated during the project implementation was handed over to the 

HU-CAC or partner NGO for their future use. Equipment and infrastructure also was formally handed 

over to HU-CAC by the partner NGO in April 2014. A community adaptation fund (CAF) of INR 1,00,000 

was transferred to the account of HU-CAC at the time of handing over. The CAF would be used for 

operation and maintenance of COWS assets. Also, it would serve as a revolving fund to provide seed 

money to encourage interested farmers to experiment with adaptation measures such as mulching, 

improved seeds, non-pesticide management, and improved agronomic practices. 

 

54 members of staff were trained based on the strategy paper, who in turn organized 27 CAC 

orientation camps with participation of 788 CAC members (300 female and 488 male, in 2011). In 2013 

39 orientations camps oriented 564 CAC members (238 female and 326 male). 

 

Figure 2.7: Activities of Climate Adaptation Committees 
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2.10. Sustainability measures 
 

Sustainability measures for sustaining project approaches in future during SPACC implementation 

period included: i) organizing technical support from local institutions; ii) building a pool of 

community resource persons for grass-root level support; iii) linkages with local agriculture market 

yards; and iv) seed money for community adaptation fund. 

 

Technical support from local institutions 

 

Apart from technical support provided during SPACC project through its partner NGOs and subject 

experts (both full-time and part-time), several functional linkages were established during the project 

period between CAC and local agencies that could prove beneficial to each other, especially in terms 

of local technical assistance after project closure. Table 2.3 gives summary of the type of the 

institutional support organized for CACs, which is expected to continue into future, in mutual interest. 

 

Table 2.3: Existing local institutional support for CACs 

SN Institution Location District Support 

1. Regional 

agriculture 

research 

station 

(RARS) 

Nandyal 

Palem 

Lam 

Tirupathi 

Kadiri 

Kurnool Mahabubnagar 

Guntur 

Chittoor 

Anantapur 

Seed selection; on-field support; support 

for pest, diseases control; Introducing new 

farm Implements; Provide new variety of 

seeds; Support in Farmer Climate School 

(FCS); local weather data analysis; weather 

forecasting based on the local weather 

data 

2. Krishi 

Vignana 

Kendra (KVK) 

Yagantipalli 

Madanapuram 

Darsi 

Kadapa 

Gaddipalli 

Anantapur 

Kurnool  

Mahabubnagar 

Prakasam 

Kadapa 

Mahabubnagar 

Anantapur 

Seed selection; on-field support; support 

for pest, diseases control; Introducing new 

farm Implements; Provide new variety of 

seeds; Support in FCS; local weather data 

analysis; weather forecasting based on the 

local weather data; and soil quality analysis 

3. Agriculture 

Department: 

Soil testing 

laboratory 

Ongole 

Chittoor 

Kadapa 

Anantapur 

Prakasam 

Chittoor 

Kadapa 

Anantapur 

Soil nutrient analysis 

4. Department 

of animal 

Husbandry 

Nandyal 

Palem 

Ongole 

Chittoor 

Kadapa Nalgonda 

Anantapur 

Kurnool  

Mahabubnagar Prakasam 

Chittoor 

Kadapa 

Nalgonda 

Anantapur 

Procurement of fodder varieties 

 

Community level technical support 

 

Local expertise development has been a key strategy of SPACC project, which it achieved through a 

variety of interventions, the main being FCS. Sixty five staff members trained in COWS data collection 

and establishment of COWS; 9 masons trained on COWS construction; 295 farmer volunteers trained 

on COWS Module 1 (data collection) and Module 2 (COWS data recording, data dissemination and 

operation and maintenance of the scientific equipment). About 1000 student oriented, in a special 

drive, about the climate variability and its impact; 1156 farmers (650 female and 506 male) graduated 

from FCS. 
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The areas wherein they were equipped with necessary knowledge and skill included: soil 

conservation; irrigation scheduling; measures to improve soil moisture regime; measures to balance 

soil nutrients (scientific application of right fertilizers and manures); measures to fix carbon in the 

soil.  

 

Linkage with local agriculture market yards 

 

A separate Department of Marketing was established in 1962, bifurcating from the Agriculture 

Department, brought under the control of the Agriculture and Cooperation Department. Every district 

is headed by an Assistant Director of Marketing. Field Offices work through the AMCs. Every Market 

Committee consists of fourteen members, essentially consisting growers of agricultural produce 

who are small farmers and owners of livestock and products of livestock. To prevent farmers from 

resorting to distress sales, Rythu Bandhu Pathakam has been introduced in the Agricultural Market 

Committee, which provides finance to the farmers against pledge of their produce. AMCs have been 

permitted to take up the sale of quality seeds, pesticides and fertilizers on no-loss-no profit basis. The 

Andhra Pradesh Capital Intensive Subsidy Scheme for Cold Storages came into force in 1999 and was 

in operation for a period of 2 years i.e., up to March 2001. Subsidy was given to private entrepreneurs 

to the extent of 25 percent of the fixed capital investment subject to a maximum of INR 50 lakhs per 

unit of the cold storage set up by them. Under the scheme, applications were received from 70 Cold 

Storage Units. Market Yards also have soil testing laboratories. The respective AMCs meet the cost of 

chemicals etc., to test the soil samples. Training classes are organized to farmers at all Market 

Committees to educate the farmers on the crops to be raised, application of manures and pesticides, 

storage problems of food grains and other allied subjects with the cooperation of other concerned 

Departments such as Agriculture Department, Horticulture Department, and Agriculture University. 

 

The Action Plan of Marketing Department for future includes strengthening of infrastructure in the 

market yards; modernization/computerization of market yards; provision of digital weighing machines 

in all major market yards; coverage of more villages under link roads scheme; extension of Rythu 

Bandhu Scheme to cover small and marginal farmers; the spread of Rythu Bazaar facilities; and 

creation of awareness of standards among farmers; and formulation of micro-level plans on area, 

production, marketable surplus and value. 

 

Right now, a majority of smallholders find it difficult to sell their farm produce for a competitive price; 

transport and storage facility still remain key issues. It is hoped that the key inputs provided by the 

government through AMCs and other schemes would strengthen market linkages (between the 

farmer and market), in future. SPACC sincerely tried to build linkages of CAC with local agriculture 

market yards. But, due to shortage of time this linkage could not be strengthened. Marketing linkage 

remains a weak-link in SPACC intervention and there is a scope for further intervention in the same 

area on this count. 

 

Climate adaptation fund 

 

The CAF was envisaged as a sustainability measure to ensure sustained use of facilities and 

infrastructure created as part of SPACC intervention. An amount of one lakh rupees was provided to 

each of the CACs as the seed money for the CAF. There was a good response in terms of matching 

grant from community side, which amounted to about 60,000 rupees at some places. A handing over 

meeting was organized at each of the 9 HUs with the CACs and community leaders, inviting the local 

media/press in many cases, to ensure transparency, while handing over the cheque to CAC. All project 

assets, both movable and immovable were handed over to CAC by the local NGO, which essentially 
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included scientific equipment, literature, farmer records, and the like. A detailed letter of agreement 

was signed by the heads of CAC and NGO as to how the CAF could be utilized. Needless to mention 

that it was clearly specified in the agreement that the money would be used only for maintenance of 

COWS assets and equipment, apart from approach promotional activities such as crop-specific 

adaptation pilots or running a farmer climate school for other groups in the HU. It is expected that 

community adaptation fund would go a long way in supporting CAC in its venture to sustain its 

learning from the project and up-scaling it at the community level, at least within the HU. 
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3. PROCESS: FOUR CASE STUDIES 

It is next to impossible to dig into the entire database and compile a gigantic publication, detailing out 

on different experiences from 9 hydrological units, in four cropping seasons. Therefore, we look at 

the process and results of SPACC intervention at four HUs viz., Upparavanka (Anantapur), 

Mallappavagu (Mahabubnagar), Yadalavagu (Prakasam), and Rommonivagu (Chittoor). We start with 

groundnut cultivation in Kharif 2012, and go on to look at castor cultivation in Kharif 2013, followed by 

fodder cultivation in Rabi 2012-13, and finally tomato cultivation in Rabi 2013-14. The option of these 

HUs was based on the criteria: i) climatic conditions; ii) soil conditions; iii) water/moisture availability; 

and iv) biotic factors. In the first four sections we would closely look at these four criteria, and then 

go on to understand, how climatic, soil, water/moisture and biotic issues were tackled as part of crop-

specific adaptation pilots. Actual benefits to the farmers, in terms of crop yields and benefit from 

farming is discussed then.  

 

3.1. Climatic conditions 
 

General  

 

Upparavanka (Anantapur district) witnesses hot semi-arid or steppe climatic conditions. Hot semi-arid 

climates tend to be located in the tropics and subtropics. These climates tend to have hot, sometimes 

extremely hot, summers and mild to warm winters. Semi-arid regions generally receive precipitation 

below potential evapotranspiration. The Köppen climate classification places semi-arid climate as 

intermediate between desert and humid climates, in agricultural potential. Semi-arid climates tend to 

support short or scrubby vegetation, such as grasses or shrubs. Snow rarely (if ever) falls in these 

regions. Hot semi-arid climate experiences the seasonal effects of monsoons and has a short but well-

defined wet season, but is not sufficiently wet overall to qualify as a tropical savanna climate.  

 

Analysis of historical rainfall data of Upparavanka revealed that: i) onset of monsoon was early in 38 

percent of times and late 62 percent of times, in comparision to arrival date in Rayalaseem region of 

Andhra Pradesh (6th June), the variability was mostly by few days; ii) the average rainfall recieved at 

Upparavanka was 558.1 mm; and iii) distribution of rainfall was 64 percent in south-west monsoon 

(June-September) i.e., Kharif cropping period, 26 percent in north-east monsoon (October-January) 

i.e., Rabi cropping season, and 10 percent in summer (February-May). 

 

From the review of the historical rainfall data record (1963-2011), it is noted that the Upparavanka 

received an annual rainfall ranging between 41 mm (in 1979-80) to 1035 mm (in 1996-97). Number of 

rainy days ranged from 5 (in 1979-80) to 116 (in 2008-09). The intensity of rainfall was highest in 1989-

90 with 20.3 mm/day; and lowest in the year 2008-09 with 6.7 mm/day. From the review of the 

historical temperature data record (1992-2011), it is noted that highest maximum temperature 

recorded was 43.40C, in May 1993, while the lowest 210C was in January 1986. The average maximum 

temperature for the period was 34.50C. It was found that highest minimum temperature recorded 

was 34.50C, in July 2007, while the lowest 8.80C was recorded in November 2007. The average 

minimum temperature for the period was 21.70C.  

 

http://en.wikipedia.org/wiki/Tropics
http://en.wikipedia.org/wiki/Subtropics
http://en.wikipedia.org/wiki/Evapotranspiration#Potential_evapotranspiration
http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification
http://en.wikipedia.org/wiki/Desert_climate
http://en.wikipedia.org/wiki/Grass
http://en.wikipedia.org/wiki/Shrub
http://en.wikipedia.org/wiki/Monsoon
http://en.wikipedia.org/wiki/Wet_season
http://en.wikipedia.org/wiki/Tropical_savanna_climate
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Mallappavagu witnesses tropical wet and dry or savannah type of climate. Typically, in this zone, 

winter and early summer are long dry periods with temperature above 18°C. Summer is very hot and 

the temperatures in the interior areas can go above 45°C during May. The rainy season is from June to 

September (Kharif).  

 

The analysis of historical rainfall data of Mallappavagu revealed that: i) onset of monsoon was early in 

58 percent of times and late 42 percent of times, in comparision to arrival date in Telangana State 

(14th June), the variability was mostly by few days; ii) the average rainfall recieved at Mallappavagu 

was 631.6 mm;and iii) distribution of rainfall was 63 percent in south-west monsoon (June-

September) i.e., Kharif cropping period, 30 percent in north-east monsoon (October-January) i.e., 

Rabi cropping season, and 7 percent in summer (February-May). 

 

From the review of the historical rainfall data record (1992-2011), it is noted that the annual rainfall 

received at Mallappavagu ranged between 219 mm (in 2006-07) to 1279 mm (in 2005-06). Number of 

rainy days ranged from 15 (in 2008-09) to 46 (in 1998-99). The intensity of rainfall was highest in 2005-

06 with 34.6 mm/day; and lowest in the year 2002-03 with 12.5 mm/day. From the review of the 

historical temperature data record (1997-2011), it was noted that highest maximum temperature 

recorded was 44.80C, in June 2003, while the lowest was 170C in November 1998. The average 

maximum temperature for the period was 440C. It was found that highest minimum temperature 

recorded was 330C, in April 1997 and May 1999, while the lowest 9.10C was recorded in January 2009. 

The average minimum temperature for the period was 190C.  

 

Yadalavagu, like Mallappavagu, witnesses tropical wet and dry or savannah type of climate. Analysis of 

historical rainfall data of Yadalavagu revealed that: i) onset of monsoon was early in 50 percent of 

times and late 50 percent of times, in comparision to arrival date in Coastal Andhara Pradesh State 

(13th June), the variability was mostly by few days; ii) the average rainfall recieved at Yadalavagu was 

721.2 mm; and iii) distribution of rainfall was 54 percent in south-west monsoon (June-September) i.e., 

Kharif cropping period, 36 percent in north-east monsoon (October-January) i.e., Rabi cropping 

season, and 10 percent in summer (February-May). 

 

From the review of the historical rainfall data record (1976-2014), it is noted that the annual rainfall 

received ranged between 338.5 mm (in 2002-03) to 1078.9 mm (in 2005-06). Number of rainy days 

ranged from 41 (in 1999-00 and 2009-10) to 68 (in 1978-79). The intensity of rainfall was highest in 

2005-06 with 19.6 mm/day; and lowest in the year 2011-12 with 8 mm/day. From the review of the 

historical temperature data record (1997-2011), it is noted that highest maximum temperature 

recorded was 460C, in May 2003, while the lowest was 20.50C in December 2000. The average 

maximum temperature for the period was 340C. It was found that highest minimum temperature 

recorded was 390C, in January 2008 and 2009, while the lowest was 17.50C  recorded in December 

2011. The average minimum temperature for the period was 27.20C.  

 

Rommonivagu, like Mallappavagu and Yadalavagu, also witnesses tropical wet and dry or savannah 

type of climate. Analysis of historical rainfall data of Rommonivagu revealed that: i) onset of monsoon 

was early in 38 percent of times and late 62 percent of times, in comparision to arrival date in 

Rayalaseema district (6th June), the variability was mostly by few days; ii) the average rainfall recieved 

at Rommonivagu was 680.6 mm; and iii) distribution of rainfall was 57 percent in south-west 

monsoon (June-September) i.e., Kharif cropping period, 30 percent in north-east monsoon (October-

January) i.e., Rabi cropping season, and 13 percent in summer (February-May).From the review of the 

historical rainfall data record (1988-2011), it is noted that the annual rainfall received ranged between 

215 mm (in 2008-09) to 1065.9 mm (in 1996-97). Number of rainy days ranged from 20 (in 2008-2009) 
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to 71 (in 1996-97). The intensity of rainfall was highest in 2001-02 with 23 mm/day; and lowest in the 

year 2011-12 with 9.7 mm/day. From the review of the historical temperature data record (1985-2011), it 

was noted that highest maximum temperature recorded was 40.50C, in May 2003 and 2010, while the 

lowest was 15.50C, in January 1986. The average maximum temperature for the period was 300C. It 

was found that highest minimum temperature recorded was 380C, in May 2006, while the lowest was 

70C, recorded in November 2007. The average minimum temperature for the period was 240C.  

 

Trends 

 

Trend analysis of rainfall data of Upparavanka revealed that: i) there was an increasing trend as far as 

average annual rainfall received, the increment was in the south-west monsoon  (Kharif) season; ii) 

there was increasing trend in number of rainy days in a year, indicating decrease in rainfall intensity; iii) 

during the period 1963-2011 (48 years), 33 years (69 percent) were normal12 rainfall years, while 15 (31 

percent) were drought years; vi) based on standard precipitation index (SPI), drought events can be 

classified as – 8 years as minor drought13, 7 year was moderate drought14, 0 severe drought15 year, 3 

minor wet16 years, 7 moderate wet17 years, 4 severe wet18 years and 0 extreme wet19 year; and iv) 

probability (in 10 years) is that there could be 4 normal rainfall years, 2 minor drought years, 2 

moderate drought years, 0 severe drought, 1 minor wet year (in 15 years). Trend analysis of 

temperature data revealed: a general decreasing trend for annual averages of daily maximum 

temperatures, but summer temperatures showed no trend; and annual averages of daily minimum 

temperatures showed a decreasing trend, due to fall in winter temperatures.  

 

Trend analysis of rainfall data of Mallappavagu revealed that: i) there was an increasing trend as far as 

average annual rainfall received, the increment was in the south-west monsoon season; ii) in contrast, 

there was decreasing trend in number of rainy days in a year, indicating increase in rainfall intensity; 

and iii) during the period 1992-2011, 9 years (47 percent) were normal rainfall years, while 10 (53 

percent) were drought years i.e., there is probability that half the years in a 10-year period could be 

drought years; vi) based on standard precipitation index (SPI), drought events can be classified as – 4 

years as minor drought, 1 year was moderate drought, 2 severe drought years 2 minor wet years, and 1 

extreme wet year (2005-06); and v) probability (in 10 years) is that there could be 2 minor drought 

years, 1 moderate drought year, 1 severe drought, 1 minor wet year in 10 years, and 1 extreme wet year 

in 20 years. Trend analysis of temperature data revealed a general increasing trend for annual 

averages of daily maximum temperatures; whereas annual averages of daily minimum temperatures 

showed a decreasing trend.  

 

Trend analysis of rainfall data of Yadalavagu revealed that: i) there was an increasing trend as far as 

average annual rainfall received, the increment was in the south-west monsoon season; ii) in contrast, 

there was no trend in number of rainy days in a year; iii) during the period 1976-2011, 26 years (74 

percent) were normal rainfall years, while 10 (26 percent) were drought years i.e., there is probability 

that one-fourth the years in a 10-year period could be drought years; iv) based on standard 

precipitation index (SPI), drought events can be classified as – 6 years as minor drought, 2 year was 

moderate drought, 0 severe drought years 1 minor wet years, 1 sever wet, and 1 extreme wet year 

(1981-82); and v) probability (in 10 years) is that there could be 2 minor drought years, 1 moderate 

                                                 
12 + or – 10 percent of normal rainfall (long-time average) 
13 11-25 percent less than normal rainfall 
14 26-50 percent less than normal rainfall 
15 51-75 percent less than normal rainfall 
16 5-15 percent more than normal rainfall 
17 16-30 percent more than normal rainfall 
18 31-45 percent more than normal rainfall 
19 Above 65 percent more than normal rainfall 
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drought year, 0 severe drought, 1 minor wet year in 30 years, and 1 extreme wet year in 10 years. 

Trend analysis of temperature data revealed a general decreasing trend for annual averages of daily 

maximum temperatures; whereas annual averages of daily minimum temperatures showed a no 

trend.  

 

Trend analysis of rainfall data of Rommonivagu revealed that: i) there was an decreasing trend as far 

as average annual rainfall received, the decline was in the south-west monsoon season; ii) in contrast, 

there was decreasing trend in number of rainy days in a year, indicating increase in rainfall intensity; iii) 

during the period 1988-2011, 17 years (74 percent) were normal rainfall years, while 6 (26 percent) 

were drought years i.e., there is probability that half the years in a 10-year period could be drought 

years; iv) based on standard precipitation index (SPI), drought events can be classified as – 4 years as 

minor drought, 0 year was moderate drought, 1 severe drought year, 2 minor wet years, and 1 

extreme drought year (2008-09); and v) probability (in 15 years) is that there could be 2 minor drought 

years, 1 severe drought, 3 minor wet years and 1 severe wet and  1 moderate wet year in 10 years and 1 

extreme drought year in 22 years. Trend analysis of temperature data revealed: i) a general increasing 

trend for annual averages of daily maximum temperatures whereas annual averages of daily minimum 

temperatures showed a decreasing trend.  

 

Climate during crop growing season 

 

Groundnut is essentially a tropical plant. It requires a long and warm growing season. The favorable 

climate for groundnut is well-distributed rainfall of at least 600 mm during the growing season. 

Adequate and well-distributed rainfall during the growing season, especially during flowering, 

pegging and pod formation stages, is essential for maximum yield and quality of groundnut. It is clear 

from figure 3.1 that the recorded rainfall during the crop duration was much below (429.4 mm) the 

required range. The groundnut crop cannot stand frost for long, severe drought, and water 

stagnation. The crop-growing season witnessed moderate drought (rainfall 28.4 percent less than 

normal).  

 

Groundnut yields best with an optimum temperature of about 300C. A minimum 100 - day optimum 

temperature in growing season is necessary for successful groundnut crop production.  It is clear from 

figure 3.1 that the recorded temperature was 19.8-270C. Abundance of sunshine is good for groundnut 

cultivation. The sunshine hours during the crop-growing period ranged between 7-9.3 hours per day. 

Therefore, it can be concluded that the climatic conditions during Kharif 2012 were more or less 

favorable for growing groundnut. 

 

Figure 3.1: Climate variability in Upparavanka HU – Kharif 2012 
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Castor is considered resistant to drought but even then about 500-650 mm evenly distributed rainfall 

is required for optimum growth. It is clear from figure 3.2 that the recorded rainfall during the crop 

duration was much above (1,161.3 mm) these requirements. If we take the threshold value of 650 mm 

as the optimum rainfall, the year 2013 can be classified as Extreme wet (rainfall about 87 percent in 

excess) conditions, which might not affect the crop yield that badly. The trend of increasing rainfall 

intensity (more rain in few days) as revealed in the trend analysis might affect the crop yields. 

However, in Kharif 2013 plenty of rain (1161.3 mm) in 64 rainy days20, with an intensity of 18 mm/day, 

indicates a fair distribution of rainfall.  

 

High temperature above 41°C, at flowering time, even for a short period, results in blasting of flowers 

and poor seed set. It is clear from figure 3.2 that the temperatures recorded at this stage were below 

41°C. Castor requires a moderately high temperature 20-270C with low humidity throughout the 

growing season. The temperatures recorded during the crop growing period ranged 20-270C.  Air 

moisture recorded during the crop-growing season ranged 50-60 percent, which is considered as low 

humidity. Castor grows best in areas where there are clear warm sunny days. The sunshine hours 

during the crop-growing period ranged between 8-9 hours per day. Prolonged cloudy weather with 

high temperature at the time of flowering results in poor seed set. Cloudy weather was not recorded 

(rainfall events) during the flowering stage. Temperatures were not high (20-270C) during flowering 

stage. Therefore, it can be concluded that the climatic conditions during Kharif 2013 were more or less 

favorable for growing castor. 

 

Figure 3.2: Climate variability in Mallppavagu HU – Kharif 2013 

 
 

Napier or elephant grass is a perennial grass that can grow both under tropical and sub-tropical 

region, but it grows best under warm tropics. Total water requirement of the grass is 450 mm. It is 

clear from figure 3.3 that the rainfall received during the crop growing stage was below (434.1 mm) 

this requirement. Grass stands drought for short spell and regenerates with rain. It is very susceptible 

to frost.  

 

The optimum temperature for Napier grass is about 31° C. The average temperature recorded during 

the crop period was about 32°C. Light showers alternated with bright sunshine are very congenial to 

the crop. Farmer records reveal that there were 14 rainy days, and 8 hours of daily sunshine, during 

the crop-growing season. 

 

                                                 
20 A day receiving more than 2 mm of rainfall is considered a rainy day 
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Figure 3.3: Climate variability in Yadalavagu HU – Rabi 2012-13 

 
 

Total water requirement, after transplanting, of a tomato crop grown in the field for 90 to 120 days, is 

600 to 800 mm, depending on the climate. It is clear from figure 3.4 that the rainfall received during 

crop growing period was 21 mm, which is extremely low in comparison to the crop requirement. 

Water stress and long dry period causes cracking of fruits, in tomato.  

 

Figure 3.4: Climate variability in Rommonivagu HU – Rabi 2013-14 

 
 

Tomato cannot withstand frost and high humidity. Farmer records show that the humidity was 48-89 

percent during copping season, which cannot be considered as high humidity. Tomato requires 

different temperature ranges for seed germination (16-290C), seedling growth (21-240C), flower and 

fruit set (15-270C), and fruit quality (20-240C). Tomato thrives well in temperature 100C to 300C with 

optimum range of temperature is 21-240C. Temperature below 100C and above 380C adversely affects 

plant tissues thereby slow down physiological activities. Temperatures recorded during the crop-

growing season were:  seed germination (18-320C), seedling growth (18-320C), flower and fruit set (10-

300C), and fruit quality (20-240C). Bright sunshine at the time of fruit set helps to develop dark red 

colored fruits. Eight daily sunshine hours were recorded during fruit set, which was good for 

coloration of tomato. 

 
3.2. Soil conditions 
 

General  

 

To a large extent the nature and composition of the soil is determined by the rock type of an area, 

unless it is transported. SPACC operational area is underlain by three types of soils viz., deep black, 

mixed red and black, and red sandy. Deep Black soils (weathered limestone/dolomite) cover 2.1 

percent of SPACC operational area; 38.3 percent of the area is covered by Mixed Red and Black soils 

(weathered shale, shale with phyllite and limestone with shale); and 59.6 percent of the project area 

is covered by Red Sandy soils (regolith of gneiss, granite and quartzite).  
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Proper plant nutrition is essential for satisfactory crop growth and production. There are at least 16 

elements known to be essential for plant growth. Carbon (C), hydrogen (H), and oxygen (O) are 

derived from carbon dioxide (CO2) and water (H2O). nitrogen (N), phosphorus (P), potassium (K), 

sulphur (S), calcium (Ca), magnesium (Mg), boron (B), chlorine (Cl), copper (Cu), iron (Fe), manganese 

(Mn), molybdenum (Mo) and zinc (Zn) are normally derived from the soil in the form of inorganic 

salts. While nitrogen (N), phosphorus (P), potassium (K), sulphur (S), calcium (Ca), and magnesium 

(Mg) are referred to as macro nutrients, boron (B), chlorine (Cl), copper (Cu), iron (Fe), manganese 

(Mn), molybdenum (Mo) and zinc (Zn) are referred to as micro-nutrients, as these elements are 

required in relatively small amounts. Soil tests help determine the status of plant available nutrients. 

Efficient application of the correct types and amounts of fertilizers for the supply of the nutrients is an 

important part of achieving profitable yields. 

 

When an essential element is at a low concentration that severely limits yield, the soils are said to be 

deficient in that element.  Extreme deficiencies will lead to death of the plant. When the level of an 

essential plant nutrient is below the requirement for optimum yields or when there is an imbalance 

with another nutrient, the soil is said to be insufficient in that element. When the concentration of an 

essential nutrient is present in adequate amounts for optimum crop growth, soil is said to be sufficient 

in that element. When the concentration of an essential plant nutrient is sufficiently high to result in a 

corresponding shortage of another nutrient, the soil is said to excessive in that element. When the 

concentration of either essential or other elements is sufficiently high to reduce plant growth 

severely, the soil is said to toxic in that element. Severe toxicity will result in death of plants. 

 

Values of pH show that 6 percent of the soils in the project area were slightly acidic (pH 6.1-6.5) and 

another 6 percent were neutral soils (pH 6.6-7.3). 18 percent of the soils were slightly alkaline (pH 

7.4-7.8). While 25 percent of the soils were moderately alkaline (pH 7.9-8.4), 45 percent were highly 

alkaline (pH > 8.5). CaCO3 values reveal that that 75 percent of soils in the project area were non-

calcareous (< 5 percent CaCO3), while the remaining 15 percent of the samples fell in the slightly 

calcareous (5-15 percent CaCO3) category. It was found that only 1 percent of the soils in the project 

area were high (> 0.75 percent) in organic carbon. 51 percent of soils were medium (0.5-0.75 percent) 

and 48 percent were low (< 0.5 percent) in organic carbon.  

 

On soils in the project area >84 percent  were low (< 280 kg/ha) in available nitrogen, while another 16 

percent fell in the medium (280-560 kg/ha) range. None of the soils analyzed showed high (> 560 

kg/ha) available nitrogen. It was found that 11 percent of soils in the project area were low (< 25 kg/ha) 

in available phosphorous, while 67 percent of the soil samples analyzed fell in the medium (25-50 

kg/ha) range. 14 percent of the soils analyzed showed high (> 50 kg/ha) phosphorus. It was found that 

2 percent of soils in the project area were low (< 145 kg/ha) in available potassium, while another 92 

percent of the samples fell in the medium (145-340 kg/ha) range. 6 percent of the soils analyzed 

showed high (>340 kg/ha) available potassium. It was found that 44 percent of soils in the project 

area were low (0-10 mg/kg) in available sulfur, while another 16 percent of the samples fell in the 

medium (10-15 mg/kg) range. 14 percent of the soils analyzed showed high (> 15 mg/kg) available 

sulfur.  

 

For boron, 63 percent of soils in the project area were above the critical level (0.5 ppm). The 

remaining 37 percent of the soil samples showed that available boron is below the critical level. It was 

found that 33 percent of soils in the project area were above the critical level (0.65 ppm) for available 

zinc. The remaining 67 percent of the soil samples showed that available zinc is below the critical 

level. It was found that 95 percent of soils in the project area were above the critical level (4 ppm) for 

available iron. The remaining 5 percent of the soil samples showed that available iron is below the 
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critical level. It was found that 99 percent of soils in the project area were above the critical level (2 

ppm) for available manganese. Only 1 percent of the soil samples showed that available manganese is 

below the critical level. It was found that 100 per cent of soil samples analyzed showed values of 

available copper, above the critical level (0.2 ppm).  

 

Field capacity and wilting points of the soils, where crop-specific adaptation pilots were held, were 

estimated using gravimetric method. In general, estimated field capacity of the soils, in SPACC area, 

was low ranging between 17.8-38.5 percent. Red sandy soils seem to do better (20.1-38.5 percent), 

probably due to presence of silica as an essential mineral. Deep black soils were better (18-37.2 

percent) than mixed red and black soils (17.8-31.8 percent). However, there was no trend of field 

capacity based on the soil type. 

 

In general, in SPACC area, soils showed a strong resistance, wilting at a very low (2.1-15 percent) of soil 

moisture percentage. Strongest seem to be deep black soils with wilting point ranging between 2.1-

8.8 percent, followed by red sandy soils (2.3-9.4 percent). Mixed red and black soils (2.8-15 percent) 

showed lesser resistance in terms of soil moisture deficiency. However, there was no trend of wilting 

point based on the soil type. 

 

Soil quality and crops 

 

Groundnut thrives best in well-drained sandy and sandy loam soils, as light soil helps in easy 

penetration of pegs and their development and also harvesting. Soil analysis report of the groundnut 

field in Kharif 2012 shows that the soil is light textured sandy loam, therefore suitable for groundnut 

cultivation. Groundnut gives good yields in the soil with pH between 6.0-6.5. Soil test revealed that 

soils in Upparavanka are slightly alkaline (pH 7.4–7.8) to moderate alkaline (pH 7.9-8.4). This might 

turn out to be detrimental to groundnut cultivation, unless alkalinity issue is addressed. Other soil 

issues in Uppravanka were: i) low (<0.5 percent) to medium (0.5-0.75 percent) in organic carbon; ii) 

low (<280 kg/ha) in available nitrogen; iii) medium (25-50 kg/ha) in available phosphorous; iv) medium 

(145-340 kg/ha) in available potassium; v) low (0-10 mg/kg) in available sulfur; and vi) deficient (<0.65 

ppm) in available zinc. 

 

Castor can be raised practically on any type of soil, but as with a number of other plants, a well-

drained loam will produce the optimum yield. Soil analysis report of the castor field in Kharif 2013 

shows that the soil is light textured sandy loam, therefore suitable for castor cultivation. Castor 

cannot tolerate alkalinity of soil. Soil tests revealed that soils of Mallappavagu were moderately 

alkaline (pH 7.9–8.4). Therefore, alkalinity is an issue that will affect crop yield.  Other soil issues in 

castor fields of Mallappavagu included: i) low (<0.5 percent) to medium (0.5-0.75 percent) in organic 

carbon; ii) medium (280-560 kg/ha) in available nitrogen; iii) medium ( (25-50 kg/ha) in available 

phosphorous; iv) medium (145-340 kg/ha) in available potassium; v) low (0-10 mg/kg) in available 

sulfur; and v) deficient (<0.65 ppm) in available zinc. 

 

Hybrid Napier grass (CO-4) flourishes well on a variety of soils especially on those with good moisture 

retention capacity. With good drainage, fertile loam is best suited for its optimum growth. Soil 

analysis report of the fodder field in Rabi 2012-13 shows that the soil is light textured sandy loam, and 

therefore best suited for fodder cultivation. Napier grass tolerates a pH range from 5 to 8. Soil tests 

reveal that soils of Yadalavagu are moderately alkaline (pH 7.9–8.4), which means marginally good. 

Good yields are obtained from very deep fertile soil rich in organic matter and nutrient elements. But, 

the soil tests show that soils of Yadalavagu are: i) low (<0.5 percent) in organic carbon; ii) low (<280 

kg/ha) in available nitrogen; iii) low ( (<25 kg/ha) in available phosphorous; iv) low (145-340 kg/ha) in 
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available potassium; v) low (0-10 mg/kg) in available sulfur;  and vi) deficient (<0.65 ppm) in available 

zinc. These soil issues need to be address for best results. 

 

Tomatoes do very well on most mineral soils, but they prefer deep, well-drained sandy loams. Soil 

analysis report of the tomato field in Rabi 2013-14 shows that, the soil is light textured sandy loam, and 

therefore suitable for tomato cultivation. Tomato is a moderately tolerant crop to a wide pH range. A 

pH of 5.5- 6.8 is preferred. Soil tests reveal that soils of Rommonivagu are slightly (pH 7.4-7.8) to 

moderately alkaline (pH 7.9–8.4).Soils are extremely high in organic matter are not recommended 

due to the high moisture content of this media and nutrient deficiencies. Soil test revealed that soils 

are: i) medium (0.5-0.75 percent) in organic carbon; ii) low (<280 kg/ha) to medium (280-560 kg/ha) in 

available nitrogen; and iii) medium (145-340 kg/ha) in available potassium. 

 

3.3. Water/moisture conditions 
 

Groundwater 

 

The amount of rainfall is the main determinant for annual groundwater recharge. PGM farmers 

estimated groundwater recharge by multiplying the amount of rainfall received with the area 

underlain by a particular type of geological formation and its recommended recharge rate (as per the 

Groundwater Estimation Committee of 1997). Groundwater draft for a given period is estimated by 

multiplying average well discharge with number of pumping hours during that period. Groundwater 

balance is estimated by deducting recharge from draft for any given period. The groundwater balance 

is said to be: a surplus when the product has a positive value, higher by more than 1 Million Cubic 

Meter (MCM); a deficit when it is a negative value, lower by less than 1 MCM ; and a match when the 

value (either negative or positive) that falls within the range of + or - 1 MCM. 

 

Figure 3.5 shows the annual groundwater balance estimated at the four HUs, during the period 2006-

2014, as part of the annual crop water budgeting exercise. It is clear from the figure that 2007-10 was 

a period of clear surplus, at Upparavanka, while in the remaining years there was a match. 

Mallappavagu was running a deficit groundwater balance, during 2002-2012; found the match in the 

year 2012-13; and entered surplus in the year 2013-14. Yadalavagu was running a clear deficit 

throughout the period 2006-2014, though a clear reduction in deficit can be seen over the years 

(from -18.08 MCM in 2006-07 to -4.05 MCM in 2013-14). The years 2006-08, 2007-08, and 2010-11 were 

clear deficit years (slightly above -1 MCM) for Rommonivagu, while the other years during the period 

2006-2014 were a match.  

 

It can be concluded that the four HUs moved from the situation of deficit groundwater balance to a 

match or surplus situation in the past eight years. This is possible only when the recharge is a match or 

in excess of the draft. As the key strategy of PGM was demand-side management of groundwater, it is 

interesting to look at the annual draft conditions (see figure 3.6). 

 

It is clear from figure 3.6 that there was a clear reduction in annual groundwater draft (as shown by 

the trend line), at three of the four HUs. Therefore, it can be concluded that the farmers at 

Mallappavagu, Yadalavagu, and Rommonivagu did well to reduce the groundwater withdrawal, which 

they did  mainly through switching to low-water consuming crops and precision irrigation techniques. 

Though Upparavanka shows an upward trend of annual groundwater draft, they seem to have kept 

the groundwater balance matched aided by some good rainfall years. From the rainfall event 

classification, for the period 2006-2014, it is found that except the 2013-14, which was a minor drought 

year (rainfall received 15 percent less than the normal), all the other years received either normal or 

above normal rainfall. 
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Figure 3.5: Groundwater balance during 2006-2014 

 
 

 
 

Figure 3.6: Groundwater draft during 2006-2014 
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Static water levels (SWL) in wells are direct indicators of aquifer health and any effort of sustainable 

groundwater management should be reflected in them. Figure 3.7 shows the SWLs recorded by 

farmers during the period 2006-14. A close look at the figure reveals that SWLs ranged between; 3-25 

mbgl at Upparavanka; 7-25 mbgl at Mallappavagu; 15-55 mbgl21 at Yadalavagu; and 40-90 mbgl at 

Rommonivagu. It should be mentioned here that depth to water level is determined by nature, type 

and occurrence of the geological formation and in no way indicative of well yields. Gain or loss of 

SWLs should be understood with respect to thresholds of that area in question. SWLs at 

Mallappavagu depleted to below 10 mbgl from 2010-11, and at Upparavanka the same thing happened 

by 2011-12. While Mallappavagu regained its SWLs in 2013-14, coming back to 8 mbgl in January 2014, 

the situation at Upparavanka remained same. The depletion at Yadalavagu started in 2008-09, 

reaching lowest (about 40-50 mbgl) levels in the year 2009-10. The regaining process continued since 

then bouncing back in November 2013 at about 25 mbgl. SWLs at Rommonivagu went beyond 70 

mbgl, since 2009, reaching deepest (about 90 mbgl) level in August 2011; bounced back in 2012-13 

(about 50-60 mbgl), reaching above 40 mbgl in September 2012; and depleted again (60-80 mbgl) in 

2013-14. 
 

Figure 3.7: Static water levels in wells during 2006-2014 

 
 

 
 

Soil-moisture 

 

The soil moisture holding capacity is determined by its porosity22 and permeability23. Wilting point is 

defined as the minimal percentage of soil moisture the plant requires not to wilt. At field capacity, the 

saturated condition of the soil wherein it can no more absorb water. Field capacity and wilting points 

of the soils were estimated by trained farmers, using gravimetric methods. Farmers also carried out 

fortnightly soil moisture measurements to keep track of the moisture status and scheduling 

irrigations. Figure 3.8 shows soil moisture status at 4 HUs, during respective cropping seasons. 

 

                                                 
21 Meters below ground level 
22 Percentage of void spaces 
23 Capacity to allow transmission of water  

http://en.wikipedia.org/wiki/Soil_moisture
http://en.wikipedia.org/wiki/Wilting
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Groundnut was grown in Kharif (June to October) 2012, at Upparavanka. Groundnut, being a shallow-

rooted crop, can extract water only from shallow depth in the soil. It is clear for figure 3.8 that there 

was no issue of soil moisture in red sandy soils. In mixed red and black soil moisture was below wilting 

point in June and July. Castor was grown in Kharif 2013, at Mallappavagu. Castor is usually grown 

under rain-fed conditions. Figure 3.8 shows that there was no issue of soil moisture in one plot, while 

soil moisture was almost at the wilting point in the month of August. Fodder was grown in Kharif 

(June to October) 2012. It is clear for figure 3.8 that there was no issue of soil moisture in all the plots. 

Tomato was grown in Rabi (December to March) 2013-14, at Rommonivagu. It is clear for figure 3.8 

that there was water stress in December and January, at both the plots.  

 

Figure 3.8: Soil moisture status during 2013-14 

 
 

 
 

Irrigation 

 
In Upparavanka, groundnut was grown as rain fed crop, in Kharif 2012. Critical stages of irrigation in 

groundnut are flowering, pegging and pod development. Groundnut required 600 mm of water 

during the crop period, while the Mallappavagu recorded a rainfall of 374.9 mm of rainfall i.e., 62.5  

percent of required rainfall, received in 19 rainy days with a rainfall intensity of 20 mm per day. Rainfall 

received at different stages of crop growth was: establishment stage - 25 mm; vegetative stage - 104.8 

mm; flowering stage - 114 mm; and 131.1 mm in yield formation stage. No rainfall was received during 

ripening stage. Farmer record reveals that no irrigation was provided to groundnut crop in Kharif. 

Available groundwater, in Upparavanka, at the farm level was estimated 45,003 liters per day, which 

is estimated at an average discharge of 6,429 liters per minute (lpm) and daily pumping for 7 hours. It 

can be safely assumed that farmer did give irrigation, when required. In addition, Kadiri 9 variety of 

groundnut which is drought resistance and mulching with rice husk may have helped the crop to cope 

with moisture stress. 
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Castor, being a deep-rooted crop, can extract water from considerable depth in the soil. Castor in 

kharif season required 500 mm of water. 753.8 mm of rainfall which is 50 percent higher than the 

required rainfall received from sowing to harvesting with intensity of 14 mm per day. Rainfall received 

during establishment stage was 111.9 mm; 33 mm in vegetative stage; 123.6 mm in flowering stage; 

147.6 mm during yield formation; and 337.7 mm during ripening stage. Therefore there was no 

necessity of irrigation. Available groundwater, in Mallappavagu, at the farm level was estimated 

8,670 liters per day, which is estimated at an average discharge of 1,445 lpm and daily pumping for 6 

hours. However, neither the farmer record shows any irrigation event, nor it was required in excess 

rainfall conditions. 

 
Total water requirement of Napier grass is 800-1000 mm. Only 11.7 mm of rainfall was received during 

the cropping season, which could have caused tremendous moisture stress. Available groundwater, 

in Yadalavagu, at the farm level was estimated 83,076 liters per day, which is estimated at an 

average discharge of 3,642 liters per minute (lpm) and daily pumping for 6 hours. Farmer record 

shows that five irrigations were given from well water, during the cropping period. The first irrigation 

was given at the time of planting, followed by critical irrigation at regular intervals. 

 

Total water requirement of tomato, after transplanting, is 300 to 500 mm. Only 21 mm of rainfall 

received, during cropping period in reproductive stage. Irrigation should be provided at 40-60 percent 

depletion of available soil moisture. Critical stages of irrigation are flowing and fruit development. 

Excess irrigation at these stages can cause: reduction in flowering and yield; incidence of fungal 

disease; and reduction in capture of nutrients. Less irrigation at these stages can cause: flower and 

fruit drop; and less branching. If irrigation is provided after prolonged drought, at flowering and fruit 

development stage, a lot of flower and fruit drop will be seen. Soil moisture measurement did not 

start during this crop season. Available groundwater, in Rommonivagu, at the farm level was 

estimated 54,545 liters per day, which is estimated at an average discharge of 2,273 lpm and daily 

pumping for 5 hours. Farmer records show that seven irrigations were given during the entire 

cropping season. The irrigation schedule followed was: one during establishment stage; two in 

vegetative stages; and remaining 4 irrigations during reproductive stage at 4 days interval. 

 

3.4. Biotic factors 
 

Biotic factors that influence the crop yields mainly include pests and plant diseases. A destructive 

insect or other animal that attacks crops is called a pest. Plant diseases occur due to pathogens such 

as bacteria, viruses, fungi, nematodes, protozoa, and parasites. 
 

Pests reported in farmer records, in groundnut fields, were: Helicoverpa, Spodoptera, and curl leaf. 

Diseases reported in groundnut included: cercospora leaf blight, early leaf spot, and late leaf spot. 

Helicoverpa armigera, the cotton bollworm, is a moth. The cotton bollworm is a highly polyphagous 

species, feeding on number of crops. Secondary infections by fungi and bacteria are common and 

may lead to rotting of fruits. Injury to the growing tips of plants may disturb their development, 

maturity may be delayed and the fruits may be dropped. Armyworms are insect pests belonging to 

Spodoptera species. They cause: holes in foliage; skeletonized leaves; and wounds on fruit. These 

insects can go through 3–5 generations a year. Whitefly (Bemisia tabaci) causes leaf curl disease, 

characterized by severe stunting of the plants, and downward rolling and crinkling of the leaves.  

 

Cercospora leaf blight is caused by Cercospora kukuchii. The disease is easy to identify by a mottled 

purple-to-orange discoloration of the uppermost leaves. The leaves also have a leathery appearance. 

Seed infection by either Cercospora fungus may cause poor seed vigor and reduced germination. Early 

leaf spots caused by fungus Cercospora arachidicola. Late leaf spots caused by fungus Cercospora 

http://en.wikipedia.org/wiki/Moth
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personatum. Symptoms may be very similar or identical to early leaf spot and can only be 

differentiated by examination under a microscope. Symptoms include: small chlorotic flecks on leaf 

petioles, stems and pegs which enlarge and turn dark in color; lesions on upper surface of leaves with 

a yellow halo; and are reddish brown on the underside of leaves. Disease emergence is favored by 

high humidity and warm temperatures; spread of the disease is promoted by prolonged leaf wetness.  

 

A review of farmer records revealed infestation of castor with hairy caterpillar, castor semi-looper, 

castor capsule and shoot borer, jassids, red spider mite and spodoptera. Recorded diseases in castor 

of Kharif 2013, included: seedling blight, botrytis blight, alternaria blight, pod rot, and bacterial leaf 

spot. 

 

Hairy caterpillar is an insect pest Euproctis fraternal, which causes defoliation. Castor Semi 

looper Achaea janata Linnis a smooth greyish-brown caterpillar that feeds on the leaves and cause 

sometimes wholesale devastation of the crop and damage to defoliation. Older larvae are voracious 

feeders and leave bare stems veins. Capsule Borer is the insect pest, Conogethes punctiferalis. 

Symptoms of attack are: capsule with bore holes; damaged capsules webbed together; and peduncle 

and capsules showing galleries made of silk and frass. Castor Shoot Borer, Dichocrosis punctiferalis 

Guenéeis, a caterpillar that bores into shoot and seed capsules and cause extensive damage to the 

crop and characteristic webbing of capsules along with excreta. Jassid Empoasca flavescens, is a 

sucking pest that causes curling of leaves. Nymphs and adults suck sap usually from the under surface 

of the castor leaves and inject toxin causing curling of leaf edges and leaves turn red or brown. The 

leaves dry up and shed. Red spider mite is the pest. Feeding punctures lead to whitening or yellowing 

of leaves, followed by desiccation, and eventually defoliation. In case of severe attacks, plants may 

die. Mites and their webbing can be seen on the underside of the leaf. Spider mites thrive in dusty 

conditions and water-stressed plants are more susceptible to its attack.  

 

Seedling blight is caused by Phytophthora colocasiae. The disease first makes its appearance on both 

the surfaces of the cotyledonary leaves in the form of roundish patch of dull green color that soon 

spreads to the point of attachment causing the leaf to rot and hang down. Botrytis blight is a disease 

caused by fungus Botrytis cinerea. Symptoms of this disease are: numerous spots on upper surface of 

leaflets; and entire plant or discrete parts may wilt and die.  Pods and stems become covered in fungal 

sclerotic. Disease emergence favors high moisture and high temperature; plants damaged by frost or 

other pathogens are particularly vulnerable to attack. Alternaria blight is caused by Alternaria ricini. All 

the aerial parts of the plant, i.e., stem, leaves, inflorescence and capsules are liable to be attacked. 

Capsule may become smaller in size; have under-developed and wrinkled seeds, with little oil content. 

Pod rots are characterized by brownish black lesions on the groundnut shell. The lesions enlarge and 

the entire pod surface becomes discolored. Although pod rot can be caused by a number of soil borne 

fungi, Pythium myriothylum is considered one of the most common and damaging causes. In 

advanced stages the kernels decay. Infected pods remain attached to the branches and gradually 

shrink and dry, like mummies. Bacterial leaf spot is diagnosed by appearance of small, water soaked, 

brown spots on leaves. Under favorable conditions these spots may coalesce to form dark streaks. 

The affected leaves turn yellow and blighting of the foliage may take place.  

 

No pests and diseases were recorded in Napier grass fields. However, Napier head smut, a fungal 

disease caused by Ustilago kamerunesis, and Napier stunt disease caused by phytoplasma are known to 

reduce Napier yield. The main source of infection of both diseases is believed to be through 

distribution of infected planting material.  
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A review of farmer records revealed the incidence of pests and disease in tomato grown in Rabi 2013-

14. Pests and diseases reported in farmer record were: fruit borer, leaf curl and leaf blight. Shoot and 

fruit borer (Earias vittella) is a dull-green caterpillar, which goes through 6 stages, becoming full-

grown in 10-16 days. They pupate either on the plants or outside the infested fruit or on the ground in 

a boat shaped cocoon among the fallen leaves and moths emerge within 8-14 days. The entire life 

cycle is completed in 17-29 days. Affected fruits become unfit for consumption.  

 

3.5. Measures to address climate, soil, water and biotic issues 

 

Groundnut: Kharif 2012  

 

Recommendations in the soil analysis report of the groundnut field (Kharif 2012) included application 

of: i) bio-fertilizer @ 2-3 ton/ha; ii) organic manure @ 5-10 ton/ha; iii) green manure (growing 

glyricidia, dhiancha, and green-gram and incorporation in situ) @ 0.5-1 ton/ha; iii) farm yard manure to 

improve organic carbon, organic matter, microbial population, and water retention capacity of the 

soil; iv) phosphorous fertilizer in spilt doses @ 75-100 kg/ha; v) potassium fertilizer in split doses @ 75-

100 kg/ha, throughout the crop growth period; vi) elemental sulfur @ 10-15 kg/ha; vi) zinc sulfate @ 25 

kg/ha to overcome zinc deficiency; vii) iron sulfate and borax with chelated micro-nutrient fertilizers; 

vii) gypsum @ 0.5-1.0 ton/ha. 

 

Practices field tested as part of pilots, in the groundnut field (Kharif 2012), included application of: i) 

bio-fertilizers like neem oil @ 2.5 liters/ha, neem powder @ 34.5 kg/ha; rizobium @ 500 grams/ha; 

Trycodermaviridi 1.25 kg/ha; phosphor bacteria @ 250 grams/ha ii) organic manure @ 4-5 ton/ha; iii) 

green manure (growing glyricidia, dhiancha, and green-gram and incorporation in situ, rice husk) @ 1 

ton/ha; iii) farm yard manure @ 2.5 ton/ha to improve organic carbon, organic matter, microbial 

population, and water retention capacity of the soil; iv) single super phosphate @ 250 kg/ha. 

 

Farmer records show that: no irrigation was given.  Soil moisture was not measured during this 

season. Soil moisture management in the pilot consisted of: i) summer ploughing across the slope; ii) 

dead furrows with four meters interval; iii) application of vermicomposting and farm yard manure 

before sowing; and iv) mulching with rice husk was done for soil moisture retention. In case of control 

plot, soil moisture retention measure was limited to conventional ploughing and farm yard manure.  

 

In pilot plot, K-9 variety (high yielding and wilt-resistant) of groundnut seed was intercropped with 

Pigeon pea and pearl millet. Groundnut, Pigeon pea, cowpea as intercrop and pearl millet as border 

crop were treated with Trichodermaviridi and rhizobium. Soil nutrient management in the pilot 

consisted of: i) harrowing; and ii) gypsum application; iii) mulching with rice husk; vi) application of 

vermicomposting and Farm yard manure after sowing; and v) weeding; vi) single super phosphate as 

basal application. Soil nutrient management in the control plot included: i) harrowing; and farm yard 

manure after summer ploughing. 

 

Leaf curl, spodoptera and helicoverpa were observed after one of sowing, both in pilot and control 

plots. Control of these pests, in the pilot plot consisted of: i) spraying neem oil and neem powder 

after germination and iii) white and yellow sticky traps for white flies and up greasy pads for sucking 

pests. Control measures for sucking pests in the control plot included spraying of: i) Clorophirifos; ii) 

Nuvan; and iii) Royal. Chloriphiriphos, Raxil & M-45 and DAP was used for seed treatment.) 

 

Leaf curl, spodoptera and helicoverpa, , in pilot plot was controlled by: i) deep summer ploughing to 

expose pupae to high temperature and destroy; pheromone traps; ii) neem oil spray; iii) collection of 

eggs and tiny caterpillars destroying the same; and iv) bird perches. Leaf curl, spodoptera and 
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helicoverpa in the control plot was controlled by: i) spraying chlorophirifos; ii) nuvan; iii) royal; iv) 

confidor; and v) aciphate. 

 

Castor: Kharif 2013  

 

Recommendations in the soil analysis report of the castor field (Kharif 2013) included application of: i) 

bio-fertilizer @ 2-3 ton/ha; ii) organic manure @ 5-10 ton/ha; iii) green manure (growing glyricidia, 

dhiancha, and green-gram and incorporation in situ) @ 0.5-1 ton/ha; iii) farm yard manure to improve 

organic carbon, organic matter, microbial population, and water retention capacity of the soil; iv) 

phosphorous fertilizer in spilt doses @ 75-100 kg/ha; v) potassium fertilizer in split doses @ 75-100 

kg/ha, throughout the crop growth period; vi) elemental sulfur @ 10-15 kg/ha; vii) zinc sulfate @ 25 

kg/ha to overcome zinc deficiency; viii) iron sulfate and borax with chelated micro-nutrient fertilizers; 

and ix) gypsum @ 0.5-1.0 ton/ha. 

 

Practices field tested as part of pilots, in the castor field (Kharif 2013), included application of: i) bio-

fertilizer liketricodermaviridi @ 50 grams/ha; Neem oil 1 liter/ha; Fungicide 2.25 kg/ha; phaspho 

bacteria @ 5 kg/ha ii) organic manure as vermicomposting @ 0.5 ton/ha; iii) farm yard manure/vermi 

compost to improve organic carbon, organic matter, microbial population, and water retention 

capacity of the soil; and iv) phosphorous fertilizer like single super phosphate @ 250 kg/ha. 

 

Farmers measured soil moisture in Kharif 2013. It is clear for figure 3.4 that there was no issue of soil 

moisture in one plot, while soil moisture was almost at the wilting point in the month of August at 

another plot. As per the farmer records, one irrigation was given after plantation of seedlings. Other 

irrigations were not recorded. However, we can safely conclude that needed irrigations were given. 

 

Soil moisture management consisted of summer ploughing across the slope, both in the pilot and 

control plots. Soil nutrient management in the pilot consisted of: i) fertilizer (farmyard manure and 

single super phosphate) application after ploughing; ii) application of phosphate and 

vermicomposting; and iii) harrowing. Soil nutrient management in the control plot consisted of: i) 

application of DAP and MOP after ploughing; and ii) harrowing.  

 

In pilot plot, PCH-111 variety (high yielding and wilt-resistant) of castor seed was intercropped with 

Pigeon pea. Both castor and Pigeon pea were treated with Trichoderma PSB. Sucking pests were 

noticed 15 days after sowing. Pheromone traps and sticky boards were arranged immediately to 

pursue sucking pests. 34 moths and about 100 adults were reportedly trapped and destroyed. Poison 

bait (calotropis) was also arranged to control the attack of sucking pests, apart from spraying neem 

oil. Rot was noticed, 45 days after sowing. Botrytis blight disease was observed, about 60 days after 

sowing. Drenching with COC, pheromone lures and sticky boards were used to control this pest. 

Castor was attacked by capsule borer and castor semi-looper, few days before the harvest. Drenching 

with COC, pheromone lures and sticky boards were used to control these pests. First picking was 

done immediately after noticing botrytis blight, followed by the second picking on the attack of caster 

semi-looper, castor hairy caterpillar, castor capsule and shoot borer, jassids, red spider mite and 

spodoptera. Drenching with COC continued, with last picking to minimize the effect of botrytis blight. 

 

PCH-111 variety of castor was also planted in the control plot, again with intercropping of Pigeon pea. 

More serious pest attack (in terms of number of pests counted) of all the types noticed in the pilot 

plot, was also reported in the control plot. Pest control measures in the control plot included: i) 

aciphateconfidor spray to control sucking pests; ii) spraying of mono and arrangement of calotropis 

leaves (poison bait) also to control sucking pests; iii) drenching with COC to control castor semi-

looper; and iv) carbendizam plus mancozeb sprays for controlling botrytis. 
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Napier grass: Rabi 2012-13  

 

Recommendations in the soil analysis report of the fodder field (Rabi 2012-13) included application of: 

i) bio-fertilizer @ 2-3 ton/ha; ii) organic manure @ 5-10 ton/ha; iii) green manure (growing glyricidia, 

dhiancha, and green-gram and incorporation in situ) @ 0.5-1 ton/ha; iv) farm yard manure to improve 

organic carbon, organic matter, microbial population, and water retention capacity of the soil; v) 

phosphorous fertilizer in spilt doses @ 75-100 kg/ha; vi) potassium fertilizer in split doses @ 75-100 

kg/ha, throughout the crop growth period; vii) elemental sulfur @ 10-15 kg/ha; viii) zinc sulfate @ 25 

kg/ha to overcome zinc deficiency; ix) iron sulfate and borax with chelated micro-nutrient fertilizers; 

and x) gypsum @ 0.5-1.0 ton/ha. 

 

Practices field tested as part of pilots, in the fodder field (Rabi 2012-13), included application of: i) 

organic manure like vermicomposting @ 5-10 ton/ha. The first irrigation was given after sowing in plot 

after leveling the plot, later irrigations was given in every 20 days from the existing bore well. Soil 

moisture was not measured during this season. Soil moisture was not measured during this season. 

Soil moisture management in the pilot consisted of: i) summer ploughing across the slope; and ii) 

leveling the plots iii) inter cultivation. Soil nutrient management in the pilot consisted of: i) single 

super phosphate; ii) harrowing; iii) application of vermicomposting. No pest and disease control 

measures were necessary as farmer record showed no infestation. 

 

Tomato: Rabi 2013-14  

 

Recommendations in the soil analysis report of the tomato field (Rabi 2013-14) included application of: 

i) bio-fertilizer @ 2-3 ton/ha; ii) organic manure @ 5-10 ton/ha; iii) green manure (growing glyricidia, 

dhiancha, and green-gram and incorporation in situ) @ 0.5-1 ton/ha; iv) farm yard manure to improve 

organic carbon, organic matter, microbial population, and water retention capacity of the soil; v) 

potassium fertilizer in split doses @ 75-100 kg/ha, throughout the crop growth period; vi) zinc sulfate 

@ 25 kg/ha to overcome zinc deficiency; vii) iron sulfate and borax with chelated micro-nutrient 

fertilizers; and viii) gypsum @ 0.5-1.0 ton/ha. 

 

Practices field tested as part of pilots, in the tomato field (Rabi 2013-14), included application of: i) bio-

fertilizer like neem oil @ 2.5 liters/ha, neem powder @ 34.5 kg/ha; ii) organic manure as vermi 

compost @ 0.25 ton/ha; and iii) farm yard manure @ 2.5 ton/ha to improve organic carbon, organic 

matter, microbial population, and water retention capacity of the soil. One irrigation was given as per 

the farmer record, after transplantation. Later irrigations were given in every 10 days from the bore 

well on the farm-plot. Soil moisture was measured during this season. Soil moisture management in 

the pilot consisted of: i) summer ploughing across the slope; and ii) farm yard manure and iii) 

vermicomposting. Soil moisture management in the control plot was done in the form of summer 

ploughing across the slope. Soil nutrient management in the pilot consisted of: i) vermicomposting; 

Soil nutrient management in the control plot consisted of: i) application of DAP after summer 

ploughing 

 

3.6 Benefits from SPACC intervention 
 

In SPACC, location and crop specific packages of practices were field tested through the conventional 

method of experimental plot versus the farmer practice plot, each measuring half an acre (about 

2000 m2). Daily farm operations were closely monitored through the instrument of “farmer’s dairy”, 

back-stopped by periodic field visits of professional staff hired by the project.  
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Crop yield records were available for: Groundnut - Rabi 2012-13; Bhendi – Rabi 2012-13; Castor – Kharif 

2013; and Groundnut – Rabi 2013-14. District averages, in case of crop yields were sourced from: 

“Season and Crop Report, Andhra Pradesh 2012-13”, Directorate of Economics and Statistics, 

Government of Andhra Pradesh, 2013 (http://www.apdes.ap.gov.in). The following section discusses 

the crop yields from pilot and control plots, in comparison to district averages. 

 

Groundnut: Kharif 2012 

 

It is clear from figure 3.9 that crop yields of groundnut grown by SPACC farmers in Kharif 2012 were 

above the district average. However, groundnut grown in the pilot plot yielded slightly better than 

that of groundnut in the control plot. The reasons for this could be: i) climate and soil conditions 

although similar in the district, practices adapted in the pilot is significant; ii) soil moisture 

conservation measures in SPACC area was worked out satisfactorily; and iii) Non Pesticide 

Management (NPM) practices controlled the pest and disease attack in SPACC area. 

 

Figure 3.9: Groundnut yields - Kharif 2012 

 
 

It is clear from figure 3.10 that profit from groundnut cultivation in the pilot plot was more than that 

of the control plot. Highest profit from groundnut cultivation was that of M. Mallikharjuna (INR 

32,830 per ha.), followed by M. Ramanaidu (INR 31,575 per ha.). Highest profit recorded from the 

control plots was that of M. Ramanaidu (INR 12,195 per ha.), followed by M. Mallikharjuna (INR 11,585 

per ha.).  

Figure 3.10: Benefits from Groundnut adaptation pilots 

 
 

Castor: Kharif 2013  

 

It is clear from figure 3.11 that crop yields of castor grown by SPACC farmers in Kharif 2013 were far 

above the district average. Castor yields in the pilot plots were much better than that of in the control 

plot. The reasons for this could be: i) climate and soil conditions were better at SPACC area than 

http://www.apdes.ap.gov.in/
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elsewhere in the district; ii) soil moisture and irrigation in SPACC area was sufficient; iii) pest and 

disease attack was less severe in SPACC area; and iv) SPACC farmers were able to cope better. 

 

Figure 3.11: Castor yields - Kharif 2013 

 
 

It is clear from figure 3.12 that profit from castor cultivation in the pilot plot was more than that of the 

control plot. Highest profit from castor cultivation was that of Ramadevi (INR 74,318 per ha.), while 

Yellamma got less (INR 66,140 per ha.). It is worthwhile to note that but for additional profit (INR 

15,000 per ha.) on inter-crop (red-gram), overall profit from pilot plot would be only marginally better.  

 

Figure 3.12: Benefits from Cast0r adaptation pilots 

 
 

 

Napier grass: Rabi 2012-13 

 

It is clear from figure 3.13 that crop yields of Napier grass grown by SPACC farmers in Rabi 2012-13 

which is not significant in the district. However, Napier grass grown in the pilot plot yielded slightly 

better than that of Napier grass in the control plot. The reasons for this could be: i) climate and soil 

conditions were better at SPACC area than elsewhere in the district; ii) soil moisture and irrigation in 

SPACC area was sufficient; iii) pest and disease attack was less severe in SPACC area; and iv) SPACC 

farmers were able to cope better. 

 
A pilot farmer harvested 10 tons of fodder during cropping period. Quantity of milk increased from 120 
liters @ 4 liters per day to 150 liters @ 5 liters per day for a month. The farmer got INR 7,200 per 
month from pilot plot, whereas she got INR 3,840 from normal fodder with which she fed one 
buffalo. Initially, the farmer had total of 10 buffalos. Due to availability of Napier grass, she purchased 
5 new buffaloes, making her current buffalo tally 15.  
 
 

 



 

40 

 

Figure 3.13: Napier grass yields - Rabi 2012-13 

 
 
 

It is clear from figure 3.14 that profit from fodder cultivation in the pilot plot was more than that of 

the control plot, in general. Highest profit from fodder cultivation was that of Y. Umamaheswari (INR 

87,687 per ha.), while A. Balaguravamma got slightly less (INR 82,940 per ha.).  
 

Figure 3.14: Benefits from Napier grass adaptation pilots 

 
 

Tomato: Rabi 2013-14 

 

It is clear from figure 3.15 that crop yields of tomato grown by SPACC farmers in Rabi 2013-14 were 

below the district average. However, tomato grown in the pilot plot yielded slightly better than that 

of tomato in the control plot. The reasons for this could be: i) climate and soil conditions were better 

at most of the places in the district, compared to those in SPACC operational area, elsewhere in the 

district; ii) soil moisture and irrigation in SPACC area was not sufficient; iii) pest and disease attack was 

more severe in SPACC area; and iv) other farmers were able to cope better. 
 

It is clear from figure 3.16 that profit from tomato cultivation in the pilot plot was more than that of 

the control plot, in general. Highest profit from tomato cultivation was that of P. Gangulamma (INR 

18,950 per ha.), almost matching with C. Ramanamma (INR 19,250 per ha.). Profit from control plot of 

C Ramanamma (INR 9,450) was more than that of control plot of P. Gangulamma (INR 6,300 per ha). 
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Figure 3.15: Tomato yields - Rabi 2013-14 

 

 

Figure 3.16: Benefits from Tomato adaptation pilots 
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4.  EMERGING CLIMATE ADAPTATION APPROACHES 

In this chapter, we try to understand the seemingly complicated conceptual framework of SPACC, 

followed by a brief discussion on key approaches, and finally presenting the emerging model of 

climate adaptation, in groundwater based agriculture. 

 

4.1. Conceptual framework 
 

Pre-SPACC scenario: The APWELL-APFAMGS model of participatory groundwater management apart 

from bringing in community managed bore-well irrigation systems into lives of smallholders for the 

first time, also made them responsible for sustainable management of aquifer systems from which 

they draw groundwater for their livelihood. The responsibility started with participatory hydrological 

monitoring culminating in crop water budgeting. This exposure of smallholders to nuances of 

sustainable groundwater management made them realize that they have to reduce the annual 

withdrawal from the aquifer, which they mainly did by changing their cropping pattern to suit the 

annual availability of groundwater, apart from adopting precision irrigation techniques. The main 

platform of learning was farmer water schools. Their constant efforts in reducing in annual 

groundwater withdrawal for over a decade, brought them to a situation of surplus groundwater 

balance, authenticated by built-up of static water levels in wells, which was an indication that they 

could withstand low-recharge conditions. However, this was not enough for sustainable income on 

agriculture. Therefore, SPACC came in with the assumption that though the smallholders have 

become smart in managing their groundwater, but they were making farm level decisions without 

proper scientific information on climate, soil and biotic conditions in their agro-eco systems, which 

pushed them into a vulnerable position, on this count. As a result of practicing vulnerable agriculture, 

their profit on agriculture became uncertain, and in many cases unviable as main source of livelihood. 

 

SPACC vision: The project intended to change the pre-SPACC situation by providing the farmers 

access to information tailored to their needs for informed farm decisions. In absence of these they 

were unable to reduce prevailing in season climatic risks and ensure sustained income from 

agriculture. 

 

Project Inputs: With an aim to realize the conceived post-project situation, several inputs were 

provided as part of its implementation, which were: i) one time access to historical climate 

information; ii) a system to collect and use real-time weather data through COWS; iii) formation and 

strengthening of a community based institution, specifically looking at climate change adaptation, in 

the form of CACs; iv) location specific adaptation pilots on main crops specific to the agro-climatic 

zone; v) running two batches of skill development programs using farmer field schools approach i.e., 

FCS; and vi) establishing procedures for large-scale dissemination of information on climate variability, 

package of practices, and linkages with the line departments.  

 

Key project strategies: In providing project inputs, some key project strategies were adopted to make 

sure that the inputs achieve its intended benefits, which included: i) assessment of local and scientific 

knowledge on local climate variability through review of literature and knowledge, attitude, skills, 

practice (KASP) study; ii) climate variability analysis using historical data from the lowest level (rainfall 

at block level and temperature at district level); iii) sharing the results of climate variability analysis 
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and triggering discussion around local climate variability and its impact; iv) listing of issues in 

agriculture and filtering those directly dependent on climate; v) gathering and sharing information on 

current coping strategies of farmers and results of recent research from local research stations; vi) 

evolving suitable package of practices (crop and location specific) in CBO leaders, scientists, and 

officers workshop; vii) field testing the evolved package of practices on farmers field; viii) bringing in 

the knowledge and skills of COWS volunteers and adaptation pilot farmers on the FCS platform, for 

mutual benefits, in the process creating a pool of resource farmers enriched with necessary 

knowledge and skills to handle dissemination of climate adaptation information and provided back-up 

support; ix) dissemination of project results and products, through a workshop, to garner 

appreciation and support for efforts of SPACC farmers and building functional linkages for 

sustainability of project activities; and x) creation of climate adaptation fund for CACs to take care of 

small expenses on dissemination of project learning to other farmers in the village and HU.  

 

Key results: As a result of project inputs, following key strategies, the project could deliver a number 

of outputs or results viz.: i) historical data sets (past 25 years) along with scientific interpretation were 

shared with CACs; ii) 9 weather monitoring stations were established; iii) a system of monitoring the 

impact of climate variability on soil and biotic factors established; iv) CACs equipped with apparatus 

and skills to monitor climate variability and its impact farming; v) on farm trials conducted for 

exploring options for crop-specific package of practices; vi) platform for farmers through FCS to 

discuss historical and current climate parameters, effectiveness of the adaptation pilots and to work 

out possible climate adaptation options; vii) farmer benefits, in terms of the money returns, after 

switching to better farm practices were discussed on several platforms; and viii) CACs were 

encouraged to evolve their own CAP, which they would implement beyond the project period, with 

linkages established with local government departments and scientific institutions. 

 

Post SPACC scenario: As a result of SPACC intervention, smallholders learned science-based 

techniques for adapting farming to climate, soil and biotic conditions in their hydrological unit. The 

SPACC learning and availability of groundwater for irrigation through their earlier efforts helped 

smallholders to sustain crop yields, under variable climatic conditions. As an outcome of their efforts, 

smallholders now have more alternatives to ensure profit from agriculture. SPACC did not focus on 

market, leaving it entirely to the newly formed AMCs, which remains a weak-link at this point in time. 

However, during the process of its implementation, SPACC has created a cadre of about 10,000 

smallholders (FCS graduates, COWS volunteers, adaptation pilot farmers), who under the leadership 

of CAC, and functional linkages with local NGO, scientists, and officers, are expected to sustain SPACC 

activities into the future and realize the goal of “assured income from agriculture”. 

 

4.2. Key approaches 
 

It is clear from discussion in the previous sections that the project has generated a good amount of 

learning and came out with specific field tested approaches to climate adaptation such as community 

operated weather station, crop-specific adaptation pilots, and farmer climate school. The section 

below attempts to capture a glimpse of these emerging approaches to climate adaptation.  

 

Baseline Study: The project conducted the study in two parts, in parallel, one by engaging subject 

matter specialist to review and document current scientific understanding of climate variability and its 

impact on land and water management, specifically in the micro-climate or HU, the project operated. 

Another team of sociologist and social workers looked at the community perceptions on a number of 

climate variables and their impact on the society and agriculture in particular. The results of baseline 

study were again taken back to the communities, both the parts, for deliberations on the findings and 

their relevance to them. With this exercise CBOs were provided access to historical data, which they 
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effectively used in decision-making on several platforms, including the CAC meetings, CWB 

workshops, and FCS. They now use historical climate information in conjunction with the real time 

data they generate out of COWS. Historical datasets along with other findings of baseline study are 

shared with CACs through dissemination workshops and all the documentation is handed over to 

them for their future use.  

 

COWS: SPACC has successfully evolved a method of demystifying the climate data, variability and its 

impact through COWS. The original strategy was to spread the data collection apparatus across the 

HU, to ensure full people’s participation. Though this strategy worked well, the experiment with 

school climate monitoring schools received overwhelming response from the students, school 

management and proved to be a sustainable and replicable intervention. It is also heartening to note 

that farmers parted with precious land for establishing COWS stations, voluntarily. It is known from 

several interactive sessions of farmers with the project staff as well as observers that it is a matter of 

prestige and respect for COWS volunteers to collect, discuss, and disseminate climate data. There is 

ample evidence that farmers are making good use of real time climate data in farm level decision 

making, for example relative humidity data is used in rain forecasting. An important lesson to learn 

from COWS is that the community ownership of climate data collection overrides the perceived need 

of automatic equipment of data gathering, which may be more relevant at research and departmental 

level. Training a number of volunteers from a village ensured sustainability of COWS data collection 

beyond the project period. It was found that the real-time data generated by volunteers is of 

immense interest and use in adaptation pilots and FCS. Sustainability of COWS data collection beyond 

project period was ensured by training number of volunteers in data collection, recording, 

dissemination, apart from operation and maintenance of COWS stations. The CAF was raised by CACs, 

along with the matching grant of one lakh rupees from the project. The fund will fundamentally take 

care of maintenance and repair of COWS equipment and facility, apart from supporting new climate 

adaptation initiatives. 

 

Crop-specific adaptation pilots: Interactions between farmers, local officers and scientists help 

identify locally feasible adaptation options. The CBO Leaders – Officers and Scientists workshops 

brought together these key stakeholders to identify feasible adaptation options. Also, it ensured 

continued support to farmers from local officers and scientists in implementing adaptation pilots. 

Given only two full seasons were available for experimenting with the several adaptation options, 

specific to micro-climate and crop, it is felt that more time is required to take up this kind of pilot 

activities of technical nature involving socio-economic development of the farming community. Other 

key lessons from adaptation pilots include: correlation of climate data (both historical and real time) 

with adaptation pilots is required to relate climate variability with its impact at different crop stages 

and searching for suitable adaptation options. Use of soil test results, especially the soil carbon 

content, enabled the project to pass on the message of soil health/nutrient management effectively. 

Trained farmers generated data on soil moisture, as part of adaptation pilots, which was helpful in 

understanding moisture status at different stages of crop cultivation vis a vis required level. It is likely 

that farmers would continue to practice their successful experiments stemming out of adaptation 

pilot experience. The CAF would support all such initiatives by other farmers who want emulate 

farming practices emerging as a result of adaptation pilots. 

 

FCS: FCS is critical to integrate adaptation pilots and COWS, and facilitate sustained capacity building. 

FCS provided the platform wherein participants discussed data on weather parameters, its impact on 

crop growth, pest and disease infestation, and soil moisture availability. Following the discussions, 

participants made decisions on various practices to be observed to ensure good crop growth, control 

the infestation of pests and diseases, and water availability to the plants.  The FCS cycles 2012-13 were 

generic and focused on sensitizing the participants on the impacts of climate change/variability on 
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agricultural livelihoods and identify adaptation options. The FCS Cycle 2013-14 followed the crop cycle 

under adaptation pilots. Farmer participants shared that crop focused FCS sessions are more relevant. 

This was also supported by improved attendance of farmer participants. Developing crop-focused FCS 

Curriculum after piloting was relevant. In FCS cycle 2013-14 session guides were developed directly for 

each session, as they progressed. A curriculum framework was used to guide the development of 

session guides. The curriculum development workshops were conducted at the end of kharif and Rabi 

seasons in each field unit to develop curricula that captured their implementation experience. It is 

likely that the curricula developed by the project would be mainstreamed into the FFS activity of the 

Agriculture Department. A provision is also made in the norms for use of climate adaptation fund to 

conduct or support FCS in other HUs. 

 

Climate adaptation committee (CAC): A key advantage of SPACC was that it was built upon the 

foundation of the APFAMGS project. Community institutions as well as partner NGOs had a history of 

working together. SPACC provided these institutions a natural extension of this agenda to address 

climate variability and change. This institutional readiness gave SPACC a head start in terms of its 

ability to demystify and translate the abstract concepts of climate variability, change and adaptation 

into concrete action for livelihood enhancement. Considering this, the original 3-year time frame of 

the project seems enough. However, similar initiatives with communities, in India or elsewhere need 

to consider this pre-project enabling situation when deciding on the time allotted for community 

mobilization.  Women’s participation was improved by engaging women’s Self Help Group (SHG) 

federations.  

 

CAP: CACs were encouraged to develop plans for specific crops in Kharif 2014 and Rabi 2014 based on 

adaptation pilot learning to cope with climate variability. This involved listing of specific crop stages, 

from seed sowing to harvesting, for each crop, and identifying the risks at each stage in case of dry 

(drought/deficit) or wet (excess rain/flood) scenarios, and identifying adaptation strategies to cope 

with each of the identified risks. Thus, CAPs improved farmer preparedness to cope with climate 

variability. However, these plans could not be validated scientifically due to want of time, at the end 

of the project. Each of the 9 HUs has a CAP, developed by CACs, with support of technical staff and 

local researchers/officers. CACs are confident to popularize the HU-CAP with general public and would 

implement with the functional linkages established during the project period. The CAF would further 

boost the morale of CACs to successfully implement the CAP.  

 

Diffusion: Real-time involvement of national and state level policy makers was possible through very 

functional and critical steering committees, both at the project and national level. This was 

incorporated in the project design, which seems to be a clever strategy to empanel government 

officers on the steering committees, for immediate diffusion of new ideas into the mainstream 

developmental agenda. Interactions between farmers, local officers and scientists help identify locally 

feasible adaptation options. The CBO Leaders – Officers and Scientists workshops brought together 

these key stakeholders to identify feasible adaptation options. Also, it ensured continued support to 

farmers from local officers and scientists in adaptation pilots. These efforts nurtured and strengthened 

critical functional linkages of farmers with local officers and scientists. 

 

Approaches to documentation and dissemination: A dedicated website, with monthly updating on 

project events and featuring daily climate data from the fields is a good model to replicate. An 

important practice was the display of data of weather parameters, collected by farmers, on a daily 

basis, in the opening window of the project website. The platforms of the project steering committee 

(PSC) and the national steering committee (NSC) are effective in immediate diffusion of ideas 

generated as a result of project implementation. Field Units invited the local media to various project 

events and sensitized them on the importance of project concepts to local farmers and communities. 
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This led to a good coverage of project events in the local press and helped build support at the local 

level. Platforms such as officer-scientist-farmer workshops, dissemination workshops and publications 

were good for dissemination of project results and ensure visibility and dissemination of project 

efforts, apart from enabling functional linkages between CBOs and local government departments. At 

the community level, COWS, adaptation pilots and FCS are good platforms for dissemination, apart 

from rural folk theatre, local television, radio, press, dissemination boards and short message service. 

There were number of opportunities to show-case project lessons and products, due to visits of 

people from other agencies and projects such as GEF Small Grants Program (SGP), United Nations 

Development Program (UNDP), and high ranking officials from the MoEF, GoI. 

 
Emerging climate adaptation model: Figure 4.1 depicts the emerging conceptual framework of the 
SPACC approach to climate adaptation. 

 

Figure 4.1: Emerging climate adaptation model 
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5. RELEVANCE  

Adaptation is now recognized as an essential part of the global response to climate change. 
Community based adaptation (CBA) is an emerging area, but current efforts are mainly limited to 
address issues arising out of devastations such as floods and tsunamis. Drought is a slow killer, which 
pushes the farmer into a distress situation and forces him or her to take drastic steps such as burning 
or destroying the harvested crop, crop holiday, or in extreme cases committing suicide. In this 
situation, the strategic pilot on adaptation to climate change (SPACC) brings in a different 
perspective, focusing in semi-arid tropics of India. A key element of SPACC approach is its focus on 
smallholders, stemming out of the recognition that vulnerability to climate change differs within 
communities and even within households. The role groundwater played in sustaining the agriculture 
economy of India was great and groundwater will continue to be source of irrigation for about half of 
the cultivated area, in future too. In these contexts, one can say that the emerging approach of 
climate adaptation, discussed in previous chapters, looks highly relevant.  
 
In this chapter we discuss the relevance of SPACC intervention in four sections viz., i) importance of 
groundwater based agriculture; ii) vulnerability of a smallholder; iii) relevance at the national level; 
and iv) relevance at the state level.  

 
5.1. Importance of groundwater based agriculture  
 

At global level an estimated 70 percent of all water withdrawn is used up by agriculture. Groundwater 

alone accounts for 40 percent of that use (FAO, 2011). India possesses almost one-fifth of total 

equipped irrigated land worldwide some 62 million hectares (ha) of which almost 40 million ha 

depend on groundwater as a sole source or a conjunctive source (Seibert et al., 2011). In India, 

groundwater accounts for almost 60 percent of all agricultural withdrawals.  

 

Groundwater development has led to increased drought-proofing of India’s agricultural economy. If 

one compares the drought years 1965–1966 and 1987–1988, food grain production declined by 

19 percent in 1965–1966, in contrast to 1987–1988, when food grain production declined by only 

2 percent. Much of this can be attributed to the spread of irrigation and of groundwater irrigation in 

particular. The growth of India’s irrigated area, specifically irrigated with groundwater, has greatly 

reduced the economy’s vulnerability to reduced rainfall, effectively drought-proofing national crop 

production and the rural economy. In contrast to surface water irrigation, groundwater irrigation in 

India is almost wholly self-financed. Though nobody asked, electricity subsidies are provided by some 

of the state governments to show their solidarity with groundwater farmers. While public investment 

is available for large dams and surface irrigation commands, at all stages of planning, construction, 

operation, maintenance, there is none for groundwater sources, although they contribute to half of 

agricultural production. 

 

The number of groundwater abstraction structures increased dramatically over 1951–1990. During this 

period, the number of dug wells increased from 3.86 million to 9.49 million, shallow tubewells from 

3 000 to 4.75 million and public tubewells from 2 400 to 63 600. Similarly, the number of electric 

pumps increased from 21 000 to 8.23 million and diesel pumps from 66 000 to 4.35 million. The 

National Commission for Integrated Water Resources Development Plan, in its report of September 

1999, placed national groundwater resources at 432 billion m3 and use at 396 billion m3. Even after 
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implementation of all major and medium irrigation projects (under construction and contemplated), 

groundwater sources will still dominate, particularly so in drought years (GoI, 1999). Thus, sustainable 

management of groundwater plays a major role in the agriculture sector, which in turn contributes to 

the economic development of this mainly agrarian country. 

 

5.2. Vulnerability of a smallholder 
 

In India, while 76 percent of operational landholdings are small (2 ha or less), they operate on only 

29 percent of the area. They comprise 38 percent of the net area irrigated by wells and account for 

35 percent of the tube-wells fitted with electric pumps. Thus, in relation to operational area, small-

scale and marginal farmers are well represented in groundwater irrigation. The United Nations World 

Water Development Report (2003) states: “In India, 69 percent of people in non-irrigated areas are 

poor; in irrigated areas this figure falls to 2 percent”. Therefore, there is a clear link between the 

incidence of poverty and access to irrigation. 

 

The National Sample Survey Organization (NSSO), in its Report No. 499 (2005), observed that 

48.6 percent of Indian farm households were indebted. This represents a substantial increase over 

time, compared to 26 percent in 1991 (similar NSSO survey). NSSO notes that the average amount of 

outstanding loans increased with the size of landholding. Smallholders without access to irrigation 

seem to make up a major chunk of the worlds’ poor. Access to groundwater can be a major engine for 

poverty alleviation and economic development in rural areas. There is immense social value related to 

increasing rural agricultural profits and slowing the migration of the poor to urban areas. Re-

allocation must, therefore, not be at the expense of maintaining a viable agricultural economy. 

 

A farmer who is not connected to a communication network is usually not in a position to access data 

or information that would make her or him smarter when making farm-level decisions. Indian farmers 

are increasingly dependent on input dealers for any kind of scientific advice, making him/her 

vulnerable to the input dealer’s possibly ill-placed advice as they promote their products. 

Furthermore, the huge wealth of traditional knowledge is often ignored, as is the remarkable ability 

of farmers to adapt and develop cultivation practices according to their own specific situation and 

experience. So it need not be true that all new research and knowledge, arising from various sources, 

always generates the best or most desirable practices. Priorities at the local level differ from those at 

the regional or national level. Therefore individuals and communities need to be encouraged to 

understand their options for change; choose from these options; assume responsibility for 

implementation of options that these choices imply and then realize their choices could radically alter 

the way the world uses its limited water resources. It follows that local organizations, government, 

civil society and the private sector all have important and often unique, roles to play in water 

management and need to be encouraged.  

 

5.3. Relevance at the national level 
 

An important ministry that can benefit from SPACC experience is the Ministry of Rural Development 

(MoRD). The IWMP, a flagship program of MoRD can directly mainstream the COWS model into their 

watershed development programs across the country. This is not only important from the stand-point 

of generating empirical evidence for impact of watershed development of land and water resources 

(ultimately people’s livelihoods), but also would be a key strategy to strengthen the CBOs i.e., 

Watershed Committees in terms of technical skills. The criticism, in some circles, about the reduction 

of downstream water availability as a result of watershed interventions could also be studied through 

the lens of COWS. The National Rural Livelihood Mission (NRLM), especially through the GEF 

supported ‘Sustainable Livelihoods and Adaptation to Climate Change (SLACC)’ project can gain a lot 
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from SPACC experience. It is recommended that professionals from SPACC are enlisted for technical 

support to these programs of MoRD. 

 

An important take-away from SPACC project is the practice of annual CWB, which seems to have 

greatly influenced the choices of crop vis a vis availability of groundwater. The MoA has a lot to gain 

from this practice. It is possible that CWB is mainstreamed into their crop planning exercises, in 

partnership with farmer associations or clubs. It is possible to give incentives (such as subsidy on 

micro-irrigation systems) to the villages or HUs who have performed well in matching the 

groundwater balance with the cropping pattern. The Mission on Agriculture in India, under 

negotiations as part of GEF 6, can gain from processes and approaches that have been successfully 

field tested in SPACC, especially COWS and FCS. National Mission on Sustainable Agriculture (NFSM) 

can straight away allocate budget for FCS to promote varietal changes, cropping intensity, and 

integrated farming. 

 

CWB can also be linked with the National Aquifer Mapping and Management Program of the MoWR, 

anchored by the CGWB. SPACC through its experts have been providing support to this project (as 

training resource persons and participation in workshops), both at national as well as regional level. 

KVKs, scattered all over the country, supported by the Indian Council of Agriculture Research (ICAR) 

have done tremendous job in taking technology to farmers’ doorsteps. The SPACC experience could 

further strengthen their efforts. It is desirable that a workshop is organized by ICAR to facilitate 

mutual learning of SPACC and KVK initiatives. 

 

There are several centrally sponsored schemes such as the MGNREGS, which could be tapped to 

promote climate smart agriculture evolved through SPACC implementation or even more (such as soil 

conservation measures and farm ponds). Several of these schemes are operated through resolutions 

of Gram Sabha, and it is recommended that the CAC plays a proactive role in influencing the local 

authorities to direct funds for activities promoting climate change adaptation. 

 

Availability of climate data is considered a constraint for weather-based index insurance. Insurance 

companies often depend on data provided by the IMD. As evident from the baseline study climate 

variables, especially rainfall is likely to show considerable variation within short distance. The IMD 

data or the data from mandal/block level may not represent the situation in a microclimate. The 

insurance companies have to be informed, probably by the civil society organizations, about the 

farmer managed database systems in SPACC operational area. It is also recommended that a platform 

is provided for farmers and insurance companies to work out a mutually beneficial, as well as 

beneficial to the farming community at large, business models of climate data generation and use. 

 

It is proved beyond doubt that the farmers are reliably capable to collect climate and its impact data 

and put the same into effective use to improve their farming operations. Especially, the school level 

climate station seems to be an excellent investment, targeting future citizens who will determine the 

pathways of country’s development. Therefore, the COWS model can be mainstreamed into the 

program of the MoE, by establishing School Climate Monitoring stations. 

 

NABARD is the National Implementing Entity (NIE) of the multi-lateral Adaptation Fund, operated by 

the Adaptation Fund Board. The bank can gain from SPACC experience by incorporating the relevant 

SPACC components in their future projects. 

 

ADB is the another multi-lateral bank which needs to be informed about the learning from SPACC 

project to work out possibilities of collaboration with state governments or civil society organizations 

working for promotion of adaptation to climate change. 
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The universities in India offering courses on land and water management should be informed about 

the SPACC project. This is essential keeping in view high need of academically qualified professionals 

to work for climate change adaptation in general and land and water management in particular. The 

current brain drain towards engineering has to be slowed down if the country desires to produce 

quality climate or water scientists for serving the country in the background of climate change. 

 

5.4. Relevance at the state level 
 

Two centrally funded programs viz., IWMP and the forthcoming “Rural Inclusive Growth” program, 

both implemented by the Rural Development Departments of the state governments, can gain from 

SPACC experience, especially the COWS and adaptation pilot approaches. Both the heads of 

implementing agencies of these programs, in two new states, were members of the project steering 

committee and it is expected that they take a pro-active role in mainstreaming SPACC experiences in 

those programs. SPACC has already provided technical advice to the Special Commissioner – 

Watersheds, a perspective plan of integrating the COWS (earlier PHM) model into the upcoming 

Neeranchal program, with World Bank funding. The Community Managed Sustainable Agriculture 

(CMSA), SERP, Departments of Rural Development, and Governments of Andhra Pradesh and 

Telangana States takes professional support from agencies and individuals associated with SPACC 

project, especially in case of the World Bank supported ‘Rural Inclusive Growth’ project, currently 

under preparation. 

 

Products ready for the use of the state governments of Telangana and Andhra Pradesh, since many of 

them are in Telugu language, are: i) script of the rural folk theatre on climate change, its impact, and 

adaptation to climate variability/change; ii) a methodology of climate variability (trend) analysis, used 

in the baseline study report; iii) the process of COWS, elucidated in COWS strategy paper and other 

documents on monitoring the impact of climate variability/change; iv) COWS training modules; v) 

Tools and templates for data storage and dissemination; vi) crop based FCS curricula, available for 5 

crops in Kharif (rice, groundnut, finger millet, cotton and caster) and 5 crops in Rabi (groundnut, 

Bengal-gram tomato, maize and finger millet); vii) Non-formal education tools and methods 

developed as part of FCS; and viii) template of “climate change adaptation plan at HU level”.  

 

Other useful lessons the could be incorporated in the state level plan documents are: i) approaches to 

dissemination (dedicated website, PSC meeting as platform for dissemination, participation of local 

researchers and officers in project events, exposure visits, dissemination workshops, and 

publications) of climate change adaptation; and ii) approaches to community level dissemination 

(COWS, adaptation pilots, FCS, data dissemination boards, short message service, use of cable 

television and local radio, rural folk theatre and local press) of climate and its impact related 

information. 

 

The states will also the benefit of 467 (186 male and 281 female) trained farmer resource persons 

(FRPs) who can be directly involved as resource persons in future state initiatives aiming at climate 

change adaptation. 

 

To give more authenticity and visibility to CACS, along with HUNs organized as part of APFAMGS, 

could be federated at the district and state level. This would give the CBOs to access district/state 

level government programs and schemes. It is highly desirable that these CBOs would ultimately 

become farmer producer companies/organizations, capable of: i) hiring technical personnel; ii) 
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negotiating with seed and insurance companies; iii) tapping government schemes; and iv) running a 

profitable and agriculture based enterprise.  

 

Given the fact that the project operational area now falls under two states, it is beneficial if partner 

NGOs quickly re-network themselves under two different umbrellas, and negotiate with GEF, FAO, 

and NABARD for accessing the Adaptation Fund, for up-scaling of SPACC experience at the state level, 

through at least one pilot HU in each district.  



 

54 

 



 

55 

 

EPILOGUE 

Smallholders had to deal with the issue of general groundwater depletion immediately after accessing 

groundwater for the first time through APWELL. Through their whole-hearted participation in the 

pilots – participatory hydrological monitoring, crop water budgeting, and artificial recharge, over the 

next 6 years, they became masters in participatory groundwater management. Because of this, they 

not only sustained their wells under the worst climate conditions, but also gave the world a feasible 

and pragmatic model of sustainable groundwater management. Their decade long (2000-2009) 

pursuit was in search of tricks of sustaining their wells, which they did by smartly moving from water 

intensive crops such as rice to low water consuming crops like castor and groundnut. In the process, 

PGM experiment gave the country about ten thousand barefoot groundwater experts, in the form of 

PHM data collection volunteers, graduates of farmer water schools, members of groundwater 

management committees, apart from about half a million practitioners of groundwater balance based 

farming.  

 

The SPACC Project came at the right time to broaden the agenda of smallholders from sustainable 

groundwater management to that of climate-smart farming, so that their farm profits become 

sustainable in worst climatic conditions. Then, they embarked upon a three-year learning process, in 

SPACC, wherein they were exposed to nuances of climate science, this time widening the scope from 

rainfall and water levels to temperature, humidity, evaporation, sunshine hours, wind direction, and 

wind speed, apart from learning about soil and biotic conditions. Known for their enthusiasm to try 

out new ideas, these smallholders, took seriously the project messages of using the climate data in 

farm level decision making. In the interviews with the press, SPACC farmers took pains to explain the 

utility of each weather parameter they measure in their farming operations. Their reasoning at times 

was beyond the comprehension of project implementers. 

 
SPACC adopted a community-based approach to build adaptive capacity of rural communities, whose 
main livelihood was agriculture. Building on the positive outcome of the previous interventions aiming 
at community based groundwater management, SPACC widened its scope to equip the small-holders 
with necessary skills and infrastructure to position them better to cope with the implications of 
projected climate change, and to start with learn to adapt to climate variability. 
 
Though their greatest achievement was in terms of adaptation to availability of groundwater through 

changing cropping patterns and adapting to precision irrigation methods, SPACC for the first time 

brought them face to face with climate parameters and their impact on their soil and farming 

systems. Now, they have become smarter and base their crop and irrigation choices, not only on 

groundwater availability but also COWS data and the data generated out of soil moisture 

measurement and soil quality analysis. Through their engagement in crop-specific field trails, they not 

only understood better the biotic environments that control crop yields, but also experimented with 

possible ways of dealing with them, using environment-friendly practices. In a nutshell, now 

smallholders are equipped with adaptation options based on climate, soil, water and biotic conditions 

prevalent in their farms. The last step in the ladder was evolution of HU-level climate adaptation plan, 

which the CAC would implement in the years to come. This can only be seen as another incremental 

step ahead towards climate resilient agriculture. We have good reason to believe that the 

smallholders have now become climate smarter. 
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Today, all the knowledge and skill is bestowed with the CAC, which continues to be torch-bearer of 

the climate smart agriculture in the HU. The climate adaptation fund (CAF) was created toward 

closure of the project, which is expected to give some initial boost to this gigantic task of CAC. We 

have no reason to believe that CACs would leave the opportunity of leading a group of elite farmers 

who themselves are waiting eagerly in the rear to come out as new leaders with a clear development 

vision. Social control mechanism, affirmed by mutual respect and trust of small-holders, who have 

been companions in development for more than a decade now, would go a long way in sustaining the 

efforts of SPACC project and building a climate resilient, locally relevant, and pragmatic approaches to 

climate adaptation in groundwater based agriculture systems.  

 
 

S V Govardhan Das 
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Peter E Kenmore 

 

 

September 11, 2014 

 
 



 

57 

 

LIST OF REFERENCES 

FAO, the state of the world’s land and water resources for food and agriculture – managing systems at 

risk, FAO and EarthScan, 2011 www.fao.org.docrep/017/i1688e.pdf 

 

Govardhan Das S. V., and Burke J., Smallholders and Sustainable Wells – Retrospect: Participatory 

Groundwater Management in Andhra Pradesh (India), the Food and Agriculture Organization of the 

United Nations, 2013.http://www.fao.org/docrep/018/i3320e/i3320e.pdf 
 

Govardhan Das S. V., Farmer Managed Groundwater Systems, published on-line: "Farmer Managed 

Groundwater Systems (FAMGS)", The 6th World Water Forum, 11, La Canebière, 13001 Marseille – 

France, 2012. http://www.solutionsforwater.org/solutions/farmer-managed-groundwater-systems-famgs 

 

Govardhan Das S. V., (edit), Land – Poverty Link: A view point from the grass-roots of Andhra Pradesh, 

India, LSP Working Paper: Access to Natural Resources Sub-Programme, Livelihood Support 

Programme (LSP), FAO, 2007. 
 

Govardhan Das, S. V. Judicious management of groundwater through Participatory Hydrological 

Monitoring: A Manual, Arcadis Euro Consult, Arnhem, The Netherlands, 2003. 
http://svgovardhandas.info/publication.html 
 

Govardhan Das, S. V. Hydro geochemistry of fluoride-rich groundwaters in parts of Prakasam District, 

Andhra Pradesh, India, Ph. D. Thesis, Osmania University, Telangana State, India. 2002. 
http://svgovardhandas.info/download/Dr.SVG_Phd.pdf 
 

Govardhan Das, S. V. Monitoring, assessment and legislation of groundwater resources in Andhra 

Pradesh, India: Recent developments, Proceedings of the workshop on “Agriculture Water Demand 

Management”, pp 16-25, The International Land Research Institute (ILRI), the Netherlands and 

Acharya N. G. Ranga Agricultural University, Andhra Pradesh, India. 2001. 
http://svgovardhandas.info/download/Souvenir%20Agricultural_%20WaterDM.htm 
 

Govardhan Das, S. V. and Somasekhara Rao, P. Participatory Hydrological Monitoring (PHM) – An 

effective tool for community managed groundwater systems, Proceedings of the National conference 

on land resource management for food, employment and environmental security, Volume: “Advances 

in Land Resource Management for 21st Century”, pp 557-565, Soil Conservation Society of India, 1999. 
http://svgovardhandas.info/download/advances%20in%20Land%20resource%20management%20(21st%20Century).htm 
 

Govardhan Das S. V., The fluoride problem - Options for Community Water Supply in Andhra Pradesh 

(India), Dissertation Thesis, at WEDC, Loughborough University of Technology (UK), 1994. 
http://svgovardhandas.info/download/wedcpdf.htm 
 

Government of Andhra Pradesh, Season and Crop Report, Andhra Pradesh 2012-13, Directorate of 

Economics and Statistics, 2013 http://www.apdes.ap.gov.in 

 

Government of India, Water Resources Development Plan of India: Policy and Issues, pp 505-6, 

Commission for Integrated Water Resources Plan, Ministry of Water Resources, GoI, 1999 
http://planningcommission.nic.in/plans/stateplan/upsdr/vol-2/Chap_b11.pdf 

http://www.fao.org.docrep/017/i1688e.pdf
http://www.fao.org/docrep/018/i3320e/i3320e.pdf
http://www.solutionsforwater.org/solutions/farmer-managed-groundwater-systems-famgs
http://www.solutionsforwater.org/solutions/farmer-managed-groundwater-systems-famgs
http://www.solutionsforwater.org/solutions/farmer-managed-groundwater-systems-famgs
http://svgovardhandas.info/publication.html
http://svgovardhandas.info/download/Dr.SVG_Phd.pdf
http://svgovardhandas.info/download/Souvenir%20Agricultural_%20WaterDM.htm
http://svgovardhandas.info/download/advances%20in%20Land%20resource%20management%20(21st%20Century).htm
http://svgovardhandas.info/download/wedcpdf.htm
http://www.apdes.ap.gov.in/


 

58 

 

 

Government of India, Situation Assessment Survey of farmers – Access to Modern Technology for 

Farming, Report No 499 (59/33/2), National Sample Survey Organization, Ministry of Statistics and 

Programme Implementation, GoI, 2005 
www.http://planningcommission.gov.in/sectors/agri-html 
 

http://www.fao.org 

http://oar.icrisat.org 

http://www.ncpahindia.com 

http://www.pnbkrishi.com 

http://homeguides.sfgate.com 

http://www.tandfonline.com 

https://www.plantvillage.com 

http://www.allotment-garden.org 

http://www.agritech.tnau.ac.in 

http://indiaeng.com 

http://dolr.nic.in 

http://www.iwmp.ap.gov.in 

http://www1.agric.gov.ab.ca 

http://www.imdagrimet.gov.in 

http://www.ikisan.com 

http://www.krishisewa.com 

 

Kalyani K and Sunder S, SPACC - Final Project Review Report, 2014. 
 

Project Management Unit (PMU), Strategic Pilot on Adaptation to Climate Change (SPACC), Baseline 

Study Report: Local and Scientific Knowledge on Impacts of Climate Variability/change on Natural 

Resources in Andhra Pradesh, India, 2012 
 

PMU-SPACC, Final Report, 2014 

PMU-SPACC, Manual: Adaptation in South Telangana Agro-climatic Zone, Andhra Pradesh (India), 2014. 

PMU-SPACC, Manual: Adaptation in Scarce Rainfall Agro-climatic Zone, Andhra Pradesh (India), 2014. 

PMU-SPACC, Manual: Adaptation in Southern Agro-climatic Zone, Andhra Pradesh (India), 2014. 

PMU-SPACC, Manual: Adaptation in Krishna Godavari Agro-climatic Zone, Andhra Pradesh (India), 2014. 

PMU-SPACC, Half-yearly Progress Report (July 1, 2013 – December 31, 2013), 2014 

PMU-SPACC, Half-yearly Progress Report (January 1, 2013 – June 30, 2013), 2013 

PMU-SPACC, Half-yearly Progress Report (July 1, 2012 – December 31, 2012), 2013 

PMU-SPACC, Half-yearly Progress Report (January 1, 2012 – June 30, 2012), 20112 

PMU-SPACC, Half-yearly Progress Report (July 1, 2011 – December 31, 2011), 2012 

PMU-SPACC, Half-yearly Progress Report (December 7, 2010 – June 30, 2011), 2011 
 

Siebart S., Burke J., Foures J.M., Frenken K., Hoogeveen J., Doll P., and Portmann F. T., Groundwater 

use for irrigation – a global inventory, Hydrology and Earth System Sciences, 14, 1863-1880, 2010. 
www.hydrol-earth-syst-sci.net/14/1863/2010/ 

http://www.fao.org/
http://oar.icrisat.org/
http://www.ncpahindia.com/
http://www.pnbkrishi.com/
http://homeguides.sfgate.com/lower-alkaline-soil-levels-22114.html
http://www.tandfonline.com/
https://www.plantvillage.com/
http://www.allotment-garden.org/
http://www.agritech.tnau.ac.in/
http://indiaeng.com/
http://dolr.nic.in/
http://www.iwmp.ap.gov.in/
http://www1.agric.gov.ab.ca/
http://www.imdagrimet.gov.in/
http://www.ikisan.com/
http://www.krishisewa.com/


 

59 

 

 



 

60 

 

 

 

Contact details/Reports are available at: http://www.birds-spacc.org 

http://www.birds-spacc.org/

