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Existing large crop yield gaps between farmers’ fields in rainfed areas and the achievable yields are
abridged through integrated watershed management during 2002-2007, while improving farmers’ liveli-
hoods also. In addition to water shortages, emerging widespread deficiencies of multiple micro- and
secondary nutrients such as sulphur (S), boron (B) and zinc (Zn) along with nitrogen (N) and phospho-
rus (P) are holding back the productivity potential through inefficient utilization of limited available
water. Soil test-based balanced nutrient application of deficient SBZn plus NP in fields in watersheds
recorded 70 to 119% (2100kgha~! in maize, 660kgha~! in groundnut, 640kgha~! in mungbean and
1070kgha~! in sorghum) improvement in crop productivity along with additional returns varying from
Rs 16,050/- to Rs 28,160/- ha~! over the farmers’ practice (only NP). Landform management to alleviate
waterlogging proved effective intervention to manage high clay Vertisols for higher soybean and ground-
nut productivity by 13 to 27% (340 to 350 kgha! in soybean and 160 to 250 kgha~! in groundnut) over
the farmers’ practice. However, the integrated approach of balanced nutrition and landform management
plus improved cultivar was the best option in increasing sunflower productivity by 182% (1600 kg ha~!
in sunflower) over farmers’ management (control). Adoption of these soil-water-crop interventions in
target watersheds abridged yield gaps by 12 to 96% in groundnut (160 to 1280 kgha~1), 29 to 100% (240 to
1130kgha1) in pigeonpea and 0 to 100% (0 to 1175 kgha~1) in chickpea. The impact of watershed inter-
ventions was seen in farm-based activities like improved milk production and incomes. The watershed
programs alleviated migration in the catchments by improving the five capitals viz. human, financial,

social, physical and natural.
© 2014 Royal Netherlands Society for Agricultural Sciences. Published by Elsevier B.V. All rights
reserved.
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1. Introduction
1.1. Rain-fed regions, our hope to future food security

World population of 9.2 billion by 2050 mostly in develop-
ing countries in Asia and Africa (5.3 and 1.7 billion, respectively)
would need increased water withdrawal from 2500 km? in 2000
to 3200 km?3 by 2025 by agriculture to achieve needed food pro-
duction [1,2]. One third of the world’s population (especially in the
developing countries) is expected to face severe water scarcity by
2025 [3]. To achieve food security, minimize the water conflicts
and reduce poverty, it has become essential to harness potential
of rainfed systems [4], as globally 80% of agriculture is rainfed and
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current productivity on farmer’ fields is lower by two to four folds
than achievable potential [5-9].

In India, rainfed agriculture constitutes 67% of the net cultivated
area [10] and is the hot spot of poverty and malnutrition as it was
bypassed during the green revolution erain 1960’s. Researchers and
policy makers have now realized importance of rainfed agriculture
to meet the demand for food which would continue to rise with the
growing population expected to reach 1.6 billion by 2050 and also
to uplift socioeconomic conditions of the farmers [11,12].

1.2. Harnessing the potential of rainfed agriculture

A long-term study since 1976 at ICRISAT center at Patancheru,
India demonstrated a virtuous cycle of persistent yield increases
with an average annual productivity of 5.1 tha~! through improved
watershed management (land, water and crop management etc.) in
rainfed agriculture as compared with 1.1 tha~! (Fig. 1) in the farm-
ers’ practice [4,13]. Both management practices are sustainable
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Fig. 1. Three-year moving average of crop yields in improved (BW1) and tradi-
tional (BW4 C) management systems during 1976-2010 at ICRISAT, Patancheru, India.
Source: Wani et al. [10].

in the long run, but have different carrying capacities - farmers’
practice having a low carrying capacity of 5 persons ha~!, while
improved watershed management can support 21 persons ha=1.
Currently, rainfed agriculture suffers from a number of biophysical
and socioeconomic constraints, which limit the productivity of
crops. There is an urgent need to understand and break the unholy
nexus of drought, land degradation and poverty for improving
livelihoods, food security through sustainable intensification
of natural resources using science-led, holistic watershed scale
development approach (5, 13, 14, 15).

1.3. Watershed programs in India-key learning

A meta-analysis of watershed projects in India [14,15], showed
a benefit to cost (B:C) ratio of 2 and internal rate of return (IRR) of
27% with rural incomes enhanced by 58%, agricultural productivity
increased by 35% and additional environmental and social benefits.
However, 68% of projects performed below average in terms of eco-
nomic, production and social indicators pointing out a large scope
for improvement [14,15].

Table 1

Watershed programs were conspicuously more remunerative
and impact oriented in the low income regions with higher B:C
ratio of 2.25:1 and 164 person days employment generated per
year per ha as compared to the high income regions with 1.75:1
B:C ratio and 91 person days employment generated per year per
ha (Table 1). Moreover, returns on investment in inputs as well as
research were higher for dryland areas than for irrigated areas [16].

Integrated watershed development is a community approach
[17,18] with a positive relationship between people’s participa-
tion and benefits from watershed program (Table 2). The B:C ratio
was greater (2.63) in watersheds where people’s participation was
higher in comparison to the watersheds with lower participation
(1.42). The prominent drivers of success were integrating the needs
of all stakeholders particularly women, landless laborers and other
vulnerable groups through targeted activities [19,20], knowledge-
based entry point activities to build rapport with the community
[21,22], tangible economic benefits to individual farmers [23,24],
agroecoregion specific technologies [20], consortium (of multi-
ple institutions) approach to harness multidisciplinary strength
[25], capacity strengthening of the stakeholders [4,18], and making
watersheds a business case by transforming subsistence farming in
to marketable surplus farming.

In rainfed areas, management at watershed scale is one of the
most trusted approaches to manage rainwater and other natural
resources for increasing food production, improving livelihoods,
protecting environment, addressing gender and equity issues along
with biodiversity concerns [4,13,17,18,24,26-29]. Therefore, inte-
grated watershed management is recognized as a potential engine
for agricultural growth and development in fragile and marginal
rain-fed areas in India [17,22,26,28].

2. Materials and Methods
2.1. Detadils of case study watershed sites
The present study was conducted in the selected watersheds

in 5 states in India implemented by ICRISAT-led consortia in the
areas of soil, water, crop and nutrient management (Table 3). The

Summary of benefits from the sample watersheds in India according to income status of the region.

Parameter Particulars Unit Per capita income of the region
High* Medium** Low™**
Efficiency Benefit to cost (B:C) Ratio 1.75(15.3) 1.96 (28.2) 2.25(9.36)
Internal rate of return (IRR) Per cent 24.6 (7.23) 27.9(6.89) 30.6 (6.02)
Equity Employment Persons days ha~! year! 91.1(7.23) 159.7 (9.16) 164.3 (6.76)
Sustainability Increase in irrigated area Per cent 48.5(12.5) 45.8 (8.09) 76.0 (6.71)
Increase in cropping intensity Per cent 31.4(10.8) 34.1(144) 43.8 (10.3)
Runoff reduced Per cent 43.2(9.32) 43.3(6.81) 49.3(5.28)
Soil loss saved tha-1 year! 1.18 (36.2) 1.10(41.1) 0.87(12.3)

Figures in parentheses indicate t-values; *, **, and *** include the states having per capita Ag GDP greater than Rs. 4000, between Rs. 2000 to Rs. 4000, and below Rs. 2000
per annum, as in Joshi et al., 2005. Source: Joshi et al. [14]

Table 2

Summary of benefits from the sample watersheds in India according to people’s participation.

Parameter Particulars Unit People’s participation
High Medium Low
Efficiency Benefit to cost (B:C) Ratio 2.63 (16.0) 1.60(29.7) 1.42(16.4)
Internal rate of return (IRR) Per cent 38.3(10.2) 22.3(4.74) 17.3(8.21)
Equity Employment Persons days ha~! year~! 165.2 (5.29) 118.7 (4.31) 105.4(9.97)
Sustainability Increase in irrigated area Per cent 77.4(8.23) 56.2 (8.07) 29.4(10.3)
Increase in cropping intensity Per cent 44.6 (9.37) 25.0(10.2) 32.0(14.2)
Runoff reduced Per cent 43.2 (6.03) 40.4 (4.22) 69.0(7.19)
Soil loss saved tha-! year! 1.18 (43.2) 1.10(18.2) 0.87 (22.3)

Source: Joshi et al. [14]
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Table 3
Detail of case study watersheds sites in different states in India.

State District Nucleus watershed
Andhra Pradesh Mahabubnagar Malleboinpally; Mentapally;
Appayapally; Sripuram
Nalgonda Nemmikal; Thirumalapuram;
Kacharam
Kurnool Karivemula; Kangulavanka;
Nandavaram
Rangareddy Kothapally
Karnataka Kolar Belaganahalli; T. Peddanahalli;
Pulasanivaddu
TumKkur Kanakapura; Begur
Chitradurga Maradihalli; Toparamalige
Haveri Aremallapur; Chikkalingadahalli
Dharwad Anchatgiri
Maharashtra Ahmednagar Shekta
Rajasthan Bundi Thana; Govardhanpura; Gokulpura
Madhya Pradesh Guna Kailaspura

nucleus watershed served as the sites of learning where farmers
conducted experiments with technical backstopping from the con-
sortium partners. Action research for development, monitoring,
collective action was implemented and established participatory
processes. The farmers from nucleus watersheds were empowered
to became trainers to fellow farmers in both nucleus and satel-
lite watersheds. The nucleus watersheds in Andhra Pradesh were
surrounded by 40 satellite watersheds while the nucleus water-
sheds in Karnataka were surrounded by 33 satellite watersheds.
All the watersheds were chosen based on the criteria such as rep-
resentative typology, extent of rainfed area, productivity levels and
willingness of farmers to participate in the project activities. The
baseline data collected through participatory rural appraisal (PRA)
and rapid rural appraisal (RRA) techniques revealed that farmers’
crop yields were lower by two to four folds as compared to the
achievable crop yields. Main constraints identified were increased
land degradation, low rainwater use efficiency, increased mining
of nutrients from soils.

2.2. Stratified soil sampling as knowledge-based entry point
activity

In addition to water shortage, soils in rainfed agriculture are
degraded which are apparently holding back the realization of pro-
ductivity potential and leading to inefficient utilization of even
existing water. Therefore, to diagnose soil related constraints, the
soil samples were collected from farmers’ fields in the target
states in India during the period 2002 to 2007 by participa-
tory stratified soil sampling method [30]. Soil sampling was used
as knowledge-based entry point activity to build rapport with
the farmers. Farmers themselves collected the soil samples with
required hand holding support. The samples were collected from
11 districts in Andhra Pradesh (Adilabad, Ananthapuram, Kadapa,
Khammam, Kurnool, Mahabubnagar, Medak, Nalgonda, Prakasam,
Rangareddy and Warangal), 10 districts in Karnataka (Bengaluru
Rural, Bijapur, Chamrajnagar, Chikkabalapur, Chitradurga, Dhar-
wad, Haveri, Kolar, Raichur and Tumkur), one district in Gujarat
(Junagarh), nine districts in Rajasthan (Alwar, Banswara, Bhilwara,
Bundi, Dungarpur, Jhalawar, Sawai Madhopur, Tonk and Udaipur)
and 12 districts in Madhya Pradesh (Barwani, Dewas, Guna, Indore,
Jhabua, Mandla, Raisen, Rajgarh, Sagar, Sehore, Shajapur and
Vidisha). The collected samples were air dried, ground and passed
through 2 mm sieve. For organic carbon, the soil samples were
ground to pass through 0.25mm sieve. The processed samples
were analyzed for pH, organic carbon (OC), available - sulphur (S),
boron (B), zinc (Zn), phosphorus (P) and potassium (K) in analyt-
ical laboratory at ICRISAT. Soil reaction (pH) was measured with

the help of glass electrode using soil to water ratio of 1:2. Organic
carbon was determined using the Walkley-Black method [31],
available P using the sodium bicarbonate (NaHCO3) method [32],
exchangeable K using the ammonium acetate method [33], and
available S using 0.15% calcium chloride (CaCl;) as an extractant
[34]. Available Zn was extracted by diethylene triamine pentaacetic
acid (DTPA) reagent [35], and available B by hot water [36].

2.3. Participatory on-farm trials

2.3.1. Soil test-based balanced nutrition trials

The farmer participatory research trials for development (PR&D)
were conducted during 2003 to 2007 within the watershed
boundaries to evaluate suitable technologies for currently exist-
ing constraints. The trials evaluated the effect of soil test-based
balanced nutrition on crop productivity. The effects of individual
applications of deficient S, B or Zn as well as conjoint application
of S, B and Zn along with farmers’ practice (of adding sub-optimal
N and P) were evaluated in the watersheds. As farmers in target
watersheds add sub-optimal amounts of N and P fertilizers, there-
fore another treatment comprised of deficient S, B and Zn plus state
recommended N and P. Recommended N and P for non-legume
study crops were - 60 to 100kgN, 20 kg P in Andhra Pradesh and
50kgN, 10 kg P in Karnataka. Similarly, in legume study crops rec-
ommended N and P were - 20kgN, 20kg P in Andhra Pradesh,
30kgN, 25 kgPinKarnataka, 10to 20 kg N, 10to 25 kg Pin Rajasthan
and 20kgN, 25kg P in Madhya Pradesh. In view of no mention
of secondary and micro-nutrients in state recommendation, but
widespread observed deficiencies, S, B and Zn were added at the
rate of 30, 0.5 and 10kgha~! (once in two years), respectively in
all study crops. The treatments were imposed on plots, side by side
and uniform crop management practices were ensured in all the
treatments. Application of all the nutrients except N was made as
basal. Fifty per cent of N dose to non-legumes was added as basal
and the remaining in two equal splits at one month interval. The
fertilizer sources for nutrients were urea for N, DAP (diammonium
phosphate) for P and N, MOP (muriate of potash) for K, gypsum for
S, zinc sulphate for Zn and agribor (20% B) for B. To evaluate the
benefits of soil test based fertilization, additional cost on fertilizer
application under BN was worked out on current (year 2013) aver-
age market prices of fertilizers used viz. 33 Rs kg~! zinc sulphate,
40Rs kg1 borax and 2.20 Rs kg~ ! gypsum. Additional returns were
calculated for crops based on farm gate price of 12 Rs kg~! maize, 37
Rs kg~! groundnut, 44 Rs kg~! mungbean, and 15 Rs kg~! sorghum.
The currency conversion factor is 1 Rs=0.014 USD.

2.3.2. Land form evaluation trials

Vertisols with high clay content are the predominant soils in the
watersheds and their structure is distorted with falling raindrops
and subsequent flooding which negatively affect crop yields and
also water infiltration and soil moisture. Farmer participatory trials
were conducted to evaluate the effects of landform management on
bridging the yield gaps through increased infiltration of rainwater
via intact soil surface and alleviate waterlogging through safe and
guided disposal of excess rainwater. Two landform management
practices viz. broadbed and furrow (BBF) and/or conservation fur-
row (CF) were evaluated against the farmers’ practice of cultivation
on flat bed. BBF system consisted of making raised beds of 105 cm
width followed by furrows/channel (45 cm), while CF comprised
of making a furrow/channel in the field every 3-4 m width, with
a purpose to safely drain excess rainwater, while preserving good
soil structure on the raised bed.

2.3.3. Farmer participatory evaluation of cultivars
Many farmers in watersheds still use low-yielding cultivars
which results in lower crop yields. Farmer participatory trials were
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Table 4
Nutrient mining in farmers fields’ in rainfed regions in India.

State No of % deficiency (Range of available nutrients)

Farmers Org-C P K S B Zn
*Andhra Pradesh 3650 76 (0.08-3.00) 38(0.0-248) 12 (0-1263) 79 (0.0-801) 85(0.02-4.58) 9 (0.08-35.6)
Karnataka 17712 70 (0.01-3.60) 46 (0.0-480) 21 (4-3750) 84 (0.1-4647) 67 (0.02-26.2) 5(0.06-235)
Gujarat 82 12 (0.21-1.90) 60 (0.4-42.0) 10 (30-635) 46 (1.1-150) 100 (0.06-0.49) 85(0.18-2.45)
*Rajasthan 421 38 (0.09-2.37) 45 (0.2-44) 15(14-1358) 71(1.9-274) 56 (0.08-2.46) 6 (0.06-28.6)
*Madhya Pradesh 341 22(0.28-2.19) 74 (0.1-68) 1(46-716) 74 (1.8-134) 79 (0.06-2.20) 6 (0.10-3.82)

Notes: Org-C stands for organic carbon and P, K, S, B and Zn for available phosphorus, potassium, sulphur, boron and zinc, respectively; the figures in the parentheses indicate
the range of nutrients % for Org-C and mg kg~! for P, K, S, B and Zn; *Source: Wani et al. [44]

Table 5

Effects of application of sulphur (S), boron (B) and zinc (Zn) on crop yields in watersheds in Andhra Pradesh, rainy season 2003.
Crop FP FP+S FP+B FP+Zn FP+SBZn NP +SBZn SE+ CV (%)
Maize 2790 3510 (26) 3710(33) (33) 4140 (49) 4890 (75) 466 12
Groundnut 830 930 (12) 1000 (20) (27) 1230 (48) 1490 (78) 134 12
Mungbean 900 1210 (33) 1130 (24) (46) 1390 (54) 1540 (70) 114 9
Sorghum 900 1190 (32) 1160 (29) (47) 1460 (62) 1970 (119) 190 14

Notes: FP=farmers’ practice, S=sulphur, B=boron, Zn=zinc, N = nitrogen, P=phosphorus; the figures in the parentheses indicate the % increase over the FP.

conducted to evaluate the benefits of adopting improved cultivar
with or without improved management (balanced nutrition plus
landform management) in improving the productivity in water-
sheds.

In all the trials, the yields were recorded at maturity by harvest-
ing crop at three spots in a treatment measuring 3X3 m? and the
average of three was used to compute yield in kg ha!.

2.4. Analysis of yield gaps abridged

In order to find the extent of yield gaps bridged through water-
shed implementation programs, average yields were recorded in
the watershed catchments, and compared with those in experi-
mental stations (achievable potential) and the average district yield
(without watershed interventions) with groundnut and pigeonpea
crops in Andhra Pradesh watersheds and chickpea crop in Madhya
Pradesh and Rajasthan watersheds.

3. Results and Discussion
3.1. Diagnosis of soil constraints

The analysis of soil samples from the farmers’ fields revealed
large scale mining of soil nutrients in rainfed agricultural systems
across many states in India (Table 4). Soil carbon (C) status an
indicator of general soil health showed that majority of farmers’
fields were severely degraded particularly in Andhra Pradesh and
Karnataka indicating critical deficiency in 70% to 76% farmers’
fields. Soil C ranged in rainfed farming systems in India from very
low levels of 0.01% to high levels of 3.60%. Low levels of C in soils
also indicate specifically the deficiencies of available nitrogen
(N). Phosphorus (P) deficiencies were serious in Madhya Pradesh
(74% farms) and Gujarat (60% farms) where majority farms had

Table 6

low levels of it. Majority farmers’ fields’ across all the states,
however, had sufficient levels of potassium (K) which varied from
traces to as high as 3750 mgkg~! soil. But very surprisingly, the
analysis results revealed acute and widespread deficiencies of
multiple nutrients such as sulphur (S), boron (B) and (Zn). The
deficiencies were widespread across all states; 46 to 84% farms
were deficient in S, 56 to 100% farms were deficient in B, while 46
to 85% farms were deficient in Zn. Earlier works have also shown
rain-fed dryland soils critically deficient in micro and macro
nutrients [37-41]. Moreover, there is little awareness about such
deficiencies amongst the farmers, extension staff as well as policy
makers. In view of essentiality of nutrients, we understand these
nutrient deficiencies are apparently holding back the realization
of achievable yields in the watersheds and therefore due focus was
given on adoption of soil test based balanced nutrition in addition
to other water and soil interventions.

3.2. Improving farm productivity and livelihoods

3.2.1. Evaluation of soil test-based balanced nutrition

The farmer participatory trials with maize, groundnut, mung-
bean and sorghum in watersheds in Andhra Pradesh showed that
the application of S over the farmers’ practices increased crop pro-
ductivity by 12 to 33%, the application of B increased it by 20 to
33%, while the application of Zn increased by 27 to 47% (Table 5).
The conjoint application of S, B and Zn along with farmers’ practice
increased productivity by 48 to 62%. However, the application of S, B
and Zn along with the recommended levels of N and P recorded the
highest productivity improvement (70 to 119%) over the farmers’
practice of sub optimal N and P.

In economic terms (Table 6), the application of S alone through
gypsum brought additional per ha net returns of Rs 3700/- to Rs
13640/-. Similarly, individual applications of B through borax or

Economic gross returns through application of micro and secondary nutrients to different crops in watersheds in Andhra Pradesh, rainy season 2003.

Crop Gross returns (Rsha=!)

FP FP+S FP+B FP+Zn FP+SBZn NP +SBZn
Maize 33480 42120 44520 44520 49680 58680
Groundnut 30710 34410 37000 39220 45510 55130
Mungbean 39600 53240 49720 58080 61160 67760
Sorghum 13500 17850 17400 19950 21900 29550

Notes: FP =farmers’ practice, S =sulphur, B=boron, Zn=zinc, N=nitrogen, P=phosphorus.
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Fig. 2. Effects of landform management on soybean yield in Dharwad district
(Anchatageri, Paraspur) watersheds and groundnut yield in Kolar district (Chikkana-
halli, Venkateshhalli) watersheds in Karnataka, 2007.

Zn through zinc sulphate recorded per ha additional net returns
of Rs 3900 to Rs 11040/- and Rs 6450 to Rs 18480/-, respectively
depending on the crop. The conjoint application of S, B and Zn over
the farmers’ practice resulted additional net returns of Rs 8400/- to
Rs 21560/-. Farmers used to apply sub-optimal amounts of N and
P in the watersheds, and thus another practice of application of S,
B and Zn along with the recommended levels of N and P resulted
the highest increase in net returns over the farmers practice by Rs
16050/- to Rs 28160/-.

Similarly, scaling up balanced nutrient management part in
Sujala-ICRISAT watershed initiative through innovative “Bhoo-
chetana” initiative in Karnataka [42,43] and other states like
Rajasthan, Madhya Pradesh, Andhra Pradesh [37,38,41] have also
revealed that balanced nutrient application treatment based on
the soil test results increased yields of various crops compared to
the farmer’s input treatment and improved farmers’ incomes and
livelihoods.

3.2.2. Evaluation of landform management practices

The on-farm trials in watersheds in Karnataka showed clearly
the benefits of cultivation across the slope with landform man-
agement of BBF and CF as compared with farmers’ practice of
cultivation on flat beds. The improved landform management prac-
tice increased soybean yields by 21 to 27% and groundnut yields by
13 to 22% (Fig. 2). The benefits are apparently accrued due to safe
disposal of excess water alleviating waterlogging in soil, ensuring
aeration and better infiltration of water.

3.2.3. Evaluation of integrated management practices (best bet)

In watersheds in Chitradurga district in Karnataka results (Fig. 3)
showed a significant increase in sunflower yield with improved
cultivar (KBSH 44) as compared with farmers’ local cultivar. How-
ever, the improved cultivar alone was not sufficient to harness
achievable yields in the depleted soils. Improved management also

Table 7
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Fig. 3. Effects of integrated management practices on sunflower yield in watershed
in Chitradurga district, Karnataka, 2006.

improved productivity over farmers’ practice by 32%, but it is also
not enough to bridge yield gaps with low responsive crops. The
best bet comprising improved cultivar, landform and soil test-based
balanced nutrition recorded highest yield (182%) improvement,
and thus is the way forward to bridge the yield gaps in the water-
sheds.

3.2.4. Quantification of yield gaps bridged in watersheds

An analysis of actual crop yields in selected districts and the
achievable potential (Researcher plots yields) showed large yield
gaps in groundnut (1330kg ha—!), pigeonpea (820 to 1520 kg ha1)
and chickpea (880 to 980kgha~1) crops in the states of Andhra
Pradesh, Rajasthan and Madhya Pradesh (Table 7). The on-farm
crop yields improved significantly in the watershed catchments
which are on expected lines due to improved soil and water
resources due to different interventions and adoption of other best-
bet practices. The implementation of watershed programs bridged
yield gaps by 12 to 96% in groundnut (160 to 1280kgha~1), by 29
to 100% (240 to 1130kgha~!) in pigeonpea and 0 to 100% (0 to
1175kgha~1) in chickpea.

3.3. Socio-economic impact of watershed implementation

Watershed implementation also boosted animal-based liveli-
hoods through increased fodder from byproduct stover/straw
yields. Among different categories of farmers in Shekta watershed
in Maharashtra, the incomes through sale of milk increased after
watershed interventions by 76 to 99% as compared with before
watershed interventions (Table 8). The watershed program put to
an end all pre-watershed seasonal and permanent migration of
skilled and unskilled workers from medium and large category of
farmers. Among small and marginal farmers, permanent migration
of skilled workers reduced to 14 to 17% of pre-watershed levels;
and of unskilled workers to 21 to 43%. Similarly seasonal migra-
tion of skilled workers from small and marginal category of farmers

Potential and actual crop yields and the impact of watershed interventions in bridging the yield gaps in Andhra Pradesh, Rajasthan and Madhya Pradesh watersheds.

Parameter Yield (kgha')

Groundnut Pigeonpea Chickpea

Kurnool Kothapally Kurnool Bundi Guna
Max. rainfed potential 4950 3460 2130 2900 2780
Mean rainfed potential 2200 1870 1220 1580 1990
District yield 870 350 400 700 1010
Yield gap 1330 1520 820 880 980
Yields in watersheds 1030-2150 815 640-1530 1630 860-2185
% yield gap abridged 12-96 31 29-100 42 0-66
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Table 8
Impact of watershed implementation on livestock productivity, and migration in low-rainfall Shekta watershed, Maharashtra.
Before watershed After watershed
Marginal Small Medium Large Marginal Small Medium Large
(<1ha) (<2ha) (2-4ha) (>4ha) (<1ha) (<2ha) (2-4ha) (>4ha)
Income from Milk (Rs month~" family~1) 1563 626 626 1044 2795 1246 1246 1838
Seasonal migration
Skilled (No.) 15 5 0 0 5 0 0 0
Unskilled (No.) 165 105 10 52 105 57 0 0
Permanent migration
Skilled (No.) 18 7 2 0 3 1 0 0
Unskilled (No.) 24 7 1 0 5 3 0 0

reduced to 0 to 33% of pre-watershed levels and of unskilled work-
ers to 54 to 64% of pre-watershed levels of migration.

4. Conclusions

In context of ensuring food security for burgeoning popula-
tion, and irrigated regions in India having reached productivity
plateau, rainfed regions with large yield gaps between farmers’
yields and potential yields have come in the centre stage. In such
regions, management at watershed scale is one of the most trusted
approaches to manage rainwater and other natural resources. In
addition to water, deficiencies of multiple nutrients like sulphur,
boron and zinc along with nitrogen and phosphorus are holding
back the realization of achievable yields. Farmer participatory tri-
als in watersheds showed huge benefits in crop productivity by 70
to 119% through adopting soil test-based fertilizer management.
Other on-farm trials showed landform management in Vertisols
a suitable strategy in watersheds to improve crop productivity
by 13 to 27%. However, integrated strategy of balanced nutri-
tion and landform management plus improved cultivar recorded
highest productivity improvement (182%). As such, science-led
interventions in watersheds abridged yield gaps by 12 to 100%.
Improvements in straw yield also boosted animal-based activities
leading to improved milk production and incomes. Improved pro-
ductivity and incomes also brought social stability as evident from
alleviation of migration in the watershed regions. So, desired pol-
icy orientation to support poor farmers to implement science-led
watershed interventions to upgrade rainfed agriculture is need of
the hour.

Acknowledgement

We greatly acknowledge the support from Andhra Pradesh
Rural Livelihoods Program (APRLP) Hyderabad, India; Department
for International Development (DFID), New Delhi, India; Commis-
sioner, Watershed Development Department, Sujala Watershed
Project, Government of Karnataka; Sir Dorabji Tata Trust, Mum-
bai; Indian Council of Agricultural Research, New Delhi; Ministry
of Rural Development and Ministry of Agriculture, Government of
India; Watershed Organization Trust (WOTR), Ahmednagar, Maha-
rashtra; Asian Development Bank for undertaking the watershed
interventions in target regions. Efforts of watershed team(s) are
duly acknowledged.

References

[1] TK. Sreedevi, S.P. Wani, R. Sudi, M.S. Patel, T. Jayesh, S.N. Singh, T. Shah,
On-site and off-site impact of watershed development: A case study of
Rajasamadhiyala, Gujarat, India, Global theme on agroecosystems report no.
20, International crops research institute for the semi-arid tropics, Patancheru
502 324, Andhra Pradesh, India, 2006, pp. 1-48.

[2] Al Shiklomanov, SHI (State hydrological institute, St. Petersburg) and UNESCO
(United nations educational, scientific and cultural organization, Paris),
1999.

[3] D. Secklar, U. Amerasinghe, D. Molden, R. De Silva, R. Barker, World water
demand and supply 1990 to 2025: Scenarios and issues. Research report 19,
International water management institute, Colombo. Sri Lanka, 1998, pp. 52.

[4] S.P.Wani, P. Pathak, L.S. Jangawad, H. Eswaran, P. Singh, Improved management
of vertisols in the semi-arid tropics for increased productivity and soil carbon
sequestration, Soil Use Manag. 19 (2003) 217-222.

[5] S.P. Wani, A.R. Maglinao, A. Ramakrishna, TJ. Rego, Integrated watershed
management for land and water conservation and sustainable agricultural
production in Asia, in: In:Proceedings, ADB-ICRISAT-IWMI project review and
planning meeting, Hanoi, Vietnam, 2001, p. 259.

[6] J. Rockstrom, J. Barron, P. Fox, Water productivity in rainfed agriculture: Chal-
lenges and opportunities for smallholder farmers in drought-prone tropical
agro ecosystems, in: J.W. Kijne, R. Barker, D. Molden (Eds.), Water productivity
in agriculture: Limits and opportunities for improvement, CAB International,
Wallingford, UK, 2003, pp. 145-162.

[7] SP. Wani, T.K. Sreedevi, J. Rockstroma, Y.S. Ramakrishna, Rainfed
agriculture-Past trends and future prospects, in: S.P. Wani, J. Rockstrom, T.
Oweis (Eds.), Rainfed agriculture: unlocking the potential, Comprehensive
assessment of water management in agriculture series 7, CAB International
Publishing, Wallingford Oxfordshire, UK, 2009, pp. 1-35.

[8] J.Rockstrom, L. Karlberg, S.P. Wani, J. Barron, N. Hatibu, T. Oweis, A. Bruggeman,
J. Farahani, Z. Qiang, Managing water in rainfed agriculture - The need for a
paradigm shift, Agric. Water Manage. 97 (2010) 543-550.

[9] S.P. Wani, ]. Rockstroma, Watershed development as a growth engine for sus-
tainable development of rainfed areas, in: S.P. Wani, K.L. Sahrawat, J. Rockstrom
(Eds.), Integrated watershed management in rainfed agriculture, CRC Press
(Taylor & Francis), London, UK, 2011, pp. 35-52.

[10] H.P. Singh, B. Venkateswarlu, K.P.R. Vittal, K. Ramachandran, Natural resource
management of agricultural Production in India, in: J.S.P. Yadav, G. Singh (Eds.),
Proceedings, international conference on managing natural resources for sus-
tainable agricultural production in the 21st century, New Delhi, India, 2000, p.
669.

[11] LP. Abrol, J.C. Katyal, S.M. Virmani, Symposia transactions, in: 15™ world
congress of soil science, Acapulco, Mexico: 7a (Commission VI), 1994, pp.
59-71.

[12] J.C.Katyal, K. Ramachandran, M. Narayana Reddy, C.A. Rama Rao, Regional land
cover changes, sustainable agriculture and their interaction with global change
(with focus on Asian counties), in: Proceedings of international workshop held
in Chennai, India, organized by COASTED-ICSU-UNESCOIBN, 1996, pp. 16-34.

[13] S.P.Wani, Y. Dixin, Z. Li, W.D. Dar, Girish, Chander, Enhancing agricultural pro-
ductivity and rural incomes through sustainable use of natural resources in the
semi-arid tropics, ]. Sci. Food Agric. 92 (2012) 1054-1063.

[14] P.K. Joshi, AK. Jha, S.P. Wani, T.K. Sreedevi, F.A. Shaheen, Impact of watershed
program and conditions for success—-A meta-analysis approach. Global theme
on agroecosystems report no. 46, International crops research institute for the
semi-arid Tropics, Patancheru, India, 2008, pp. 1-26.

[15] S.P. Wani, P.K. Joshi, K.V. Raju, T.K. Sreedevi, Michael ]. Wilson, A. Shah,
P.G. Diwakar, K. Palanisami, S. Marimuthu, AK. Jha, Y.S. Ramakrishna, S.S.
Meenakshi, M. D’Souza, Community watershed as a growth engine for devel-
opment of dryland areas, A comprehensive assessment of watershed programs
in India, Global theme on agroecosystems report no. 47, International crops
research institute for the semi-arid tropics, Patancheru, India, 2008, pp. 1-46.

[16] S.Fan, P. Hazell, Should India invest more in less-favoured areas? Environment
and production technology division discussion paper no. 25, International food
policy research institute, Washington D.C, USA, 1997.

[17] P.K. Joshi, AK. Jha, S.P. Wani, L. Joshi, R.L. Shiyani, Comprehensive assessment
of watershed management in agriculture, report no. 8, International crops
research institute for the semi-arid tropics, Patancheru, 2005, pp. 1-21.

[18] S.P. Wani, H.P. Singh, T.K. Sreedevi, P. Pathak, T.J. Rego, B. Shiferaw, S.R. Iyer,
Farmer-participatory integrated watershed management: Adarsha watershed,
Kothapally, India: An innovative and up scalable approach. Case 7, in: RR.
Harwood, A.H. Kassam (Eds.), Research towards integrated natural resources
management: examples of research problems, approaches and partnerships in
action in the CGIAR, Interim science council and centre directors committee on
integrated natural resources management, CGIAR, Washington D.C, USA, Food
and Agriculture Organization, Rome, Italy, 2003, pp. 123-147.

[19] T.K. Sreedevi, S.P. Wani, P. Pathak, Harnessing gender power and collective
action through integrated watershed management for minimizing land degra-
dation and sustainable development, ]. Fin. Ag. 36 (2007) 23-32.


http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0020
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0025
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0030
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0035
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0040
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0045
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0050
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0055
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0060
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0065
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0070
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0090
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0095

S.P. Wani et al. / NJAS - Wageningen Journal of Life Sciences 70-71 (2014) 71-77 77

[20] S.P. Wani, T.K. Sreedevi, Strategy for rehabilitation of degraded lands and
improved livelihoods through biodiesel plantations, in: In:proceedings, 4th
international biofuels conference, New Delhi, 2007, pp. 50-64.

[21] S.N. Dixit, S.P. Wani, T.J. Rego, G. Pardhasaradhi, Knowledge-based entry point
and innovative up-scaling strategy for watershed development projects, Indian
J. Dryland Ag. Dev. 22 (2007) 22-31.

[22] S.P. Wani, Y.S. Ramakrishna, T.K. Sreedevi, T.D. Long, T. Wangkahart, B.
Shiferaw, P. Pathak, A.V.R. Kesava Rao, Issues, concepts, approaches and
practices in the integrated watershed management: Experience and lessons
from Asia in integrated management of watershed for agricultural diversi-
fication and sustainable livelihoods in Eastern and Central Africa: Lessons
and experiences from Semi-Arid South Asia, in: Proceedings of the inter-
national workshop held on 6-7 December 2004, Nairobi, Kenya, 2006,
pp- 17-36.

[23] T.K. Sreedevi, B. Shiefaw, S.P. Wani, Adarsha watershed in Kothapally: Under-
standing the drivers of higher impact, Global theme on agroecosystems
report no. 10, International crops research institute for the semi-arid tropics,
Patancheru 502 324, Andhra Pradesh, India, 2004, pp. 1-24.

[24] S.P. Wani, P. Pathak, H.M. Tam, A. Ramakrishna, P. Singh, T.K. Sreedevi,
Integrated watershed management for minimizing land degradation and sus-
taining productivity in Asia, in: Zafar Adeel (Ed.), Integrated land management
in the dry areas, Proceedings of joint UNU-CAS international workshop, Bei-
jing, China, Jingu-mae 5-53-70, Shibuya-ku, Tokyo-1508925, United Nations
University, 2002, pp. 207-230.

[25] S.P. Wani, T.K. Sreedevi, S.N. Dixit, K. Kareemulla, R. Singh, K. Tirupataiah, Con-
sortium approach for capacity building for watershed management in Andhra
Pradesh: A case study, Global theme on agroecosystems report no. 51, Inter-
national crops research institute for the semi-arid tropics, Patancheru, India,
2009, pp. 1-46.

[26] J. Rockstrom, Nuhu Hatibu, Y. Theib, S.P. Wani, Managing water in rain-fed
agriculture, in: David Molden (Eds.), Water for food, water for life: A Compre-
hensive Assessment of Water Management in Agriculture, Earthscan, London,
UK and International Water Management Institute, Colombo, Sri-Lanka, 2007,
pp. 315-348.

[27] J.S. Samra, Watershed management for sustainable agriculture, in: G.S. Dhali-
wal, R. Arora, N.S. Randhawa, A.K. Dhawan (Eds.), Ecological agriculture and
sustainable development, Volume 1, Centre for research in rural and industrial
development, Chandigarh, India, 1998, pp. 147-155.

[28] M.S. Ahluwalia, Reducing poverty and hunger in India: the role
of agriculture, Annual report essay, IFPRI 2004-2005, 2005, DOI:
http://dx.doi.org/10.2499/0896297519.E02

[29] R. Sharma, Watershed development adaptation strategy for climate change,
in: Paper presented in South Asia expert workshop on adaptation to climate
change for agricultural productivity, organized by the government of India,
UNEP and CGIAR, New Delhi, 2002.

[30] K.L. Sahrawat, T.J. Rego, S.P. Wani, G. Pardhasaradhi, Stretching soil sampling
to watershed: Evaluation of soil-test parameters in a semi-arid tropical water-
shed, Commun. Soil Sci. Plant Anal. 39 (2008) 2950-2960.

[31] D.W. Nelson, L.E. Sommers, Total carbon, organic carbon and organic matter,
in: D.L. Sparks (Ed.), Methods of soil analysis, Part 3: Chemical methods, Soil

Science Society of America Book series No. 5, Wisc. SSSA and ASA, Madison,
1996, pp. 961-1010.

[32] S.R.Olsen, L.E. Sommers, Phosphorus, in: A.L. Page (Eds.), Methods of soil anal-
ysis, part 2, 2™ eds., Agronomy Monograph 9, Wisc. ASA and SSSA, Madison,
1982, pp. 403-430.

[33] P.A. Helmke, D.L. Spark, Lithium, sodium, potassium, rubidium and cesium,
in: D.L. Sparks (Ed.), Methods of Soil Analysis, Part 3: Chemical Methods, Soil
Science Society of America Book series No. 5, Wisc. SSSA and ASA, Madison,
1996, pp. 551-574.

[34] M.A. Tabatabai, Sulphur, in: D.L. Sparks (Ed.), Methods of soil analysis, Part 3:
Chemical methods, Soil Science Society of America Book series No. 5, Wisc.
SSSA and ASA, Madison, 1996, pp. 921-960.

[35] W.L. Lindsay, W.A. Norvell, Development of a DTPA test for zinc, iron, man-
ganese and copper, Soil Sci. Soc. Am. J. 42 (1978) 421-428.

[36] R.Keren, Boron, in: D.L. Sparks (Ed.), Methods of soil analysis, Part 3: Chemical
methods, Soil science society of America book series No. 5, Wisc. SSSA and ASA,
Madison, 1996, pp. 603-626.

[37] S.P.Girish Chander, K.L. Wani, L.S. Sahrawat, Jangawad, Balanced plant nutrition
enhances rainfed crop yields and water productivity in Jharkhand and Madhya
Pradesh states in India, J. Trop. Agric. 50 (2012) 24-29.

[38] Girish Chander, S.P. Wani, K.L. Sahrawat, P.J. Kamdi, C.K. Pal, D.K. Pal, T.P.
Mathur, Balanced and integrated nutrient management for enhanced and eco-
nomic food production: case study from rainfed semi-arid tropics in India, Arch.
Agron. Soil Sci. (2013) doi: http://dx.doi.org/10.1080/03650340.2012.761336

[39] K.L.Sahrawat, S.P. Wani, T.J. Rego, G. Pardhasaradhi, K.V.S. Murthy, Widespread
deficiencies of sulphur, boron and zinc in dryland soils of the Indian semi-arid
tropics, Curr. Sci. 93 (2007) 1428-1432.

[40] S.P. Wani, K. Singh, K.L. Sahrawat, Climate change and sustainable rain-
fed agriculture: challenges and opportunities, Agric. Sit. India 66 (2009)
221-239.

[41] S.P. Wani, Girish Chander, K.L. Sahrawat, S. Dixit, B. Venkateswarlu, Improved
crop productivity and rural livelihoods through balanced nutrition in the rain-
fed semi-arid tropics, Resilient dryland systems report no. 58, International
crops research institute for the semi-arid tropics (ICRISAT), Patancheru, Andhra
Pradesh, India, 2013, pp. 36.

[42] ICRISAT (International Crops Research Institute for the Semi-Arid Tropics),
Bhoochetana annual report 2009-10, [Online]: Available from: http://icrtest:
8080/what-we-do/agro-ecosystems/Bhoo-Chetana/pdfs/BhooChetana_AR-
2009-10.pdf, 2013, pp. 124.

[43] ICRISAT (International Crops Research Institute for the Semi-Arid Tropics),
Bhoochetana annual report 2010-11, [Online]: Available from: http://icrtest:
8080/what-we-do/agro-ecosystems/Bhoo-Chetana/pdfs/BhooChetana Annu-
alReport_2010-11.pdf. 144p.

[44] S.P. Wani, K.L. Girish Chander, Sahrawat, Soil health awareness: soil science at
doorsteps of the farmers, in: S.V. Sarode, ].P. Deshmukh, V.K. Kharche, Y.R. Sable
(Eds.), Proceedings of national seminar on “Soil security for sustainable agricul-
ture” during 27-28 February 2010, Dr. Panjabrao Deshmukh Krishi Vidyapeet,
Akola, Maharashtra, India, 2012, pp. 1-9.


http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0100
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0105
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0110
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0120
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0135
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0145
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0150
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0155
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0165
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0170
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0175
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0180
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0185
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0195
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0200
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220
http://refhub.elsevier.com/S1573-5214(14)00039-6/sbref0220

	Science-led interventions in integrated watersheds to improve smallholders’ livelihoods
	1 Introduction
	1.1 Rain-fed regions, our hope to future food security
	1.2 Harnessing the potential of rainfed agriculture
	1.3 Watershed programs in India–key learning

	2 Materials and Methods
	2.1 Details of case study watershed sites
	2.2 Stratified soil sampling as knowledge-based entry point activity
	2.3 Participatory on-farm trials
	2.3.1 Soil test-based balanced nutrition trials
	2.3.2 Land form evaluation trials
	2.3.3 Farmer participatory evaluation of cultivars

	2.4 Analysis of yield gaps abridged

	3 Results and Discussion
	3.1 Diagnosis of soil constraints
	3.2 Improving farm productivity and livelihoods
	3.2.1 Evaluation of soil test-based balanced nutrition
	3.2.2 Evaluation of landform management practices
	3.2.3 Evaluation of integrated management practices (best bet)
	3.2.4 Quantification of yield gaps bridged in watersheds

	3.3 Socio-economic impact of watershed implementation

	4 Conclusions
	Acknowledgement
	References


