


Optimising Water Footprint in a Dalbergia sissoo-Rice Agroforestry System through Tree Pruning Intensity

ABSTRACT:
This study aimed to quantify the green, blue, grey and total water footprints of an 18-year-old Dalbergia sissoo–rice agroforestry system under four tree pruning intensities in a semi-arid region of central India. A field trial was conducted to investigate the outcome of different pruning levels of Dalbergia sissoo on water footprint under a silviculture-based agroforestry system at Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh, India. Rice (Oryza sativa) was grown in association with 18-year-old Dalbergia trees, which were planted in a strip plot design with five replications. The four pruning levels, i.e. 0% (no pruning as control), 25% (light), 50% (moderate) and 75% (heavy) of total tree height, were applied. Seasonal crop and tree water use were estimated using the CROPWAT model based on the FAO Penman–Monteith approach, and combined tree–crop outputs were expressed as paddy grain production equivalent yield (PEY) using prevailing local market prices. Paddy grain yield, paddy stubble, big-size timber, small-size timber and fuel wood were converted to a common PEY to evaluate system-level water productivity. Green, blue, grey and total water footprint were derived under four levels of pruning. Water footprint was expressed as the volume of water (m3) required to produce one kg of paddy equivalent yield. The total water footprint of 25% pruning (1.754 m3 kg-1) was significantly lower than 50% pruning (2.497 m3 kg-1), 75% pruning (2.691 m3 kg-1) and 0% pruning (3.156 m3 kg-1). The water used to produce one kg of paddy equivalent yield was only 1754 litres in 25% pruning as compared to 2497 litres (50%), 2691 litres (75%) and 3156 litres (0%). The green, blue and grey water footprint was also lowest for 25% pruning. Total water use was statistically similar across pruning intensities (p > 0.05), and the observed differences in green, blue, grey and total water footprints therefore arose primarily from changes in PEY rather than from changes in water consumption. Among the four pruning intensities, 25% pruning emerged as the most water-efficient option, achieving the lowest total water footprint while maintaining a high paddy grain production equivalent yield.
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 INTRODUCTION
[bookmark: _GoBack]Rice is one of the major food grains feeding the world population, especially in South Asia and Africa (Chapagain and Hoekstra, 2010). India is recognised as one of the leading countries in agricultural commodities. The agricultural economy continues to be pivotal to the sustainable growth and development. Not only does it meet the food and nutritional requirements of 1.3 billion Indians, but it also contributes significantly to production, employment and demand generation through various backward and forward linkages. “Water is the most critical resource for agriculture, gaining primacy even over soil. India has only about 4 per cent of the world’s freshwater resources. Thus, large tracts of land are dependent on seasonal rainfall for crop cultivation, which hampers productivity and the adoption of high-yielding varieties and other inputs (State of Indian Agriculture, 2015-16). The growing population requires increased food production, while less water resources available for agriculture. This alarming situation can only be resolved if water is managed more efficiently, so that crop yield per unit of water consumption increases. The information regarding water resource availability and crop water requirements in each region across the country is essential for water resource planning to satisfy the increased demand for food production in the future” (Gheewala et al., 2014). In the agricultural sector, one of the most water-intensive crops is rice. The increasing demand for rice in combination with increasing water scarcity is a threat to food security and sustainability. The impact of rice consumption on global water resources can be mapped with the water footprint, a concept introduced by Hoekstra (2002), which is defined as ‘the total volume of fresh water that is used to produce the foods’. “The water footprint is a geographically explicit indicator, not only showing volumes of water use and pollution, but also the locations. Water Footprint is composed of green (rainwater), blue (irrigation water) and grey waters (volume of fresh water that is required to assimilate the load of pollutants) (Lovarelli et al., 2016) and thus offers a better and wider perspective on water management which is expressed as water volume per product unit (m3 kg-1) (Hoekstra et al., 2011). Soil physical and plant biophysical knowledge can be used to develop practices to maximise the utility of green water, minimising blue water and grey water. Agroforestry offers a promising option for efficient and sustainable use of land and water. Water conservation and more productive use of water are one of the key benefits of agroforestry besides soil fertility improvement, fodder, food and food security for the farmers (Kumar, 2016). In addition to providing natural resources, agroforestry systems have the potential to maintain higher levels of biodiversity and greater biomass than mono-cropping or pasture systems (Seeta et al., 2016). The unmanaged tree canopy can reduce the productivity of agricultural crops, but in most cases deteriorates the quality of the produce as well (Duguma et al., 1988). Pruning of trees is a powerful approach to regulate light, nutrients and other resources competition (Frank and Eduardo, 2003). In addition, canopy management will often have a direct bearing on root characteristics as well as growth, vigour and biomass of the tree itself. Keeping in view of the above and the significance of tree-based cropping systems in water productivity, the present paper deals with the Water footprint assessment of the Dalbergia sissoo - Rice agri-silviculture system under different pruning intensities. We hypothesised that moderate pruning (25–50%) would reduce the water footprint through improved light interception and yield without significantly altering total water use.
 
MATERIALS AND METHODS
 Location and topography of the study area
The field experiment was conducted during the crop year 2016-17 at Dusty Acre Research Farm, Department of Forestry, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.).The topography of the area is plain to gently sloping. Slope of the land varies from 0 to 1%. 
 Weather conditions during the crop season
The study area enjoys a subtropical climate with a hot, dry summer and cool, dry winter. Weather conditions were almost favourable for the growth and development of rice and the D. sissoo tree. The monsoon commenced in the third week of June and terminated in the first week of October. During the five growing months of the crop (July to Nov. 2016) and six growing months of the tree (June to Nov 2016), maximum temperature (42.1°C) was recorded in June and minimum temperature (7.2°C) in Nov. Average relative humidity ranged between 96 to 15.5%. The total rainfall received during the six months was 1539.5 mm in 57 rainy days. The wind velocity varied between 271 km per day to 22 km per day, and the mean sunshine hours ranged between 0 to 11 hours per day during six six-month period (Fig.1 and 2).

 Layout of the experimental field
The present investigation was carried out on an agrisilviculture model (Dalbergia sissoo+ Rice). Rice was grown under eighteen-year-old Dalbergia sissoo (Roxb.) plantation. These trees were planted in July 1998 with a planting geometry of 5 m x 5 m. Trees were pruned at four levels. 0% pruning (no pruning) considered as control (P0), 25% (P25), 50% (P50) and 75% pruning of total tree height (P75). Row-to-row spacing of rice was 20cm. Analysis of data was carried out in a strip plot design having four main treatments (pruning), three sub-treatments (Rice variety) and five replications.
Data collection
The output of the agroforestry system had two components, i.e. crop components and tree components. Crop components were paddy grain and its straw, whereas tree components were timber and fuel wood (FW). Timber was further classified into large-size timber (LST) and small-size timber (SST). Stem/branches having a diameter ≥ 10cm were considered as large-size timber. Stem/branches having a diameter of 7cm- 10cm were considered as small-sized timber. Wood of a diameter between 4cm- 7cm was considered as fuel wood. The produce of the crop, viz., paddy grain and paddy straw, was measured after harvesting and threshing. Current seasonal increment during 01-06-2016 to 30-11-2016 (six months) was considered as the product of the tree component. Quantity of tree components, viz. LST, SST and FW were derived by using developed allometric models (Sahu et al., 2015). All five products of agroforestry (grain, straw, LST, SST and FW) were converted into paddy equivalent yield (PEY) by considering the local market prices. 
To derive the water footprint, daily rainfall (mm), daily maximum and minimum temperature (°C), average of daily morning and evening relative humidity (%), daily wind speed (Km day -1) and daily sunshine hours were considered. The daily rainfall was converted into effective rainfall (Reff) by using a fixed percentage of daily rainfall data as suggested in the CROPWAT 8.0 model. All the weather parameters were used to get the Reference Evapotranspiration (ETO) in the Penman-Monteith Method on CROPWAT 8.0. Green and blue water Evapotranspiration during the crop and tree growth was estimated using crop water requirement (CWR). The crop and tree water requirement is the water needed for evapotranspiration under ideal growth conditions, measured from planting to harvest. For crop (rice), the planting and harvesting dates were 04/07/2016 to 09/11/2016, and for the tree, the seasonal growth period of six months duration was considered to calculate the tree water requirement.  “Ideal conditions” means that adequate soil water is maintained by rainfall and/or irrigation so that it does not limit tree growth and crop yield.
Crop water use and water footprint 
 Crop water requirement was calculated by multiplying the reference crop Evapotranspiration (ETo) by the crop coefficient (Kc): CWR = Kc × ETo. Species- and pruning-specific crop coefficients for Dalbergia sissoo are not available for the study area, and direct measurements of tree transpiration were beyond the scope of this experiment. We therefore approximated tree water requirement by assigning a unit tree coefficient (K_tree = 1.0), equivalent to the FAO reference crop, and applied this value uniformly across all pruning intensities. This pragmatic assumption allowed us to keep total water use comparable among treatments and to focus on how pruning-induced changes in production equivalent yield (PEY) translated into differences in green, blue, grey and total water footprints, while recognising that the effect of pruning on actual tree evapotranspiration may be underestimated. It was assumed that the crop water requirements were fully met, so that actual crop evapotranspiration (ETc) will be equal to the crop water requirement: ETc = CWR. The crop coefficient (Kc) varied over the length of the growing period. Values for Kc for crops over the length of the growing period were taken from the literature (Allen et al., 2006), which is based on the crop growth stages of a 10-day interval period. However, for the tree, an assumption of a coefficient, i.e. 1, was taken during the experimental period as the tree continues its developmental stage based on the tree growth stages of a 10-day interval. The irrigation requirement (IR) was calculated as the difference between crop water requirement and effective rainfall (Reff). The irrigation requirement was zero if effective rainfall was larger than the crop water requirement. This means: IR = max (0, CWR – Reff). It was assumed that the irrigation requirements were fully met. Green water evapotranspiration (ETgreen), in other words, evapotranspiration of rainfall, could be equated with the minimum of total crop evapotranspiration (ETc) and effective rainfall. Blue water evapotranspiration (ETblue), in other words, field-evapotranspiration of irrigation water, was equal to the total crop evapotranspiration minus effective rainfall, but zero when effective rainfall exceeds crop evapotranspiration:
                ETgreen = min (ETc, Reff) [length/time] 
                ETblue = max (0, ETc – Reff) [length/time] 
A similar method was used to calculate the tree's water requirement and the irrigation requirement of the tree.
All water flows were expressed in mm day-1 or in mm per period of simulation (e.g. ten days). The green and blue components in crop water use (CWU, m3 ha-1) and tree water use (TWU, m3 ha-1) were calculated by accumulation of daily evapotranspiration (ET, mm day-1) over the complete length of growing period (lgp):
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The total green water use by agroforestry (AFWUgreen, m3 ha-1) was calculated by adding up CWUgreen with  TWUgreen .
                                                           AFWUgreen= CWUgreen + TWUgreen (m3 ha-1)
The green water footprint of agroforestry (AFWFgreen, m3 kg-1) was calculated as the green component in agroforestry water use (AFWUgreen, m3 ha-1) divided by the total yield of agroforestry (paddy grain+ paddy straw+ LST+ SST+ FW) (Y, kg ha-1).
                                         AFWFgreen = AFWUgreen / Y (Volume /mass)   
Similarly, the total blue water use by agroforestry (AFWUblue, m3 ha-1) was calculated by adding up CWUblue with TWUblue .
                                                     AFWUblue= CWUblue + TWUblue (m3 ha-1)
The blue water footprint of agroforestry (AFWFblue, m3 kg-1) was calculated as the blue component in agroforestry water use (AFWUblue, m3 ha-1) divided by the total yield of agroforestry (paddy grain+ paddy straw+   LST+ SST+ FW)  (Y, kg ha-1). 
                                       AFWFblue = AFWUblue / Y (Volume /mass)   
The grey component in the water footprint of crop (CWFgrey, m3 kg-1) was calculated as the chemical application rate to the field per hectare AR, (kg ha-1) times the leaching-run-off fraction (α) divided by the maximum acceptable concentration (Cmax, kg m-3) minus the natural concentration for the pollutant considered (Cnat, kg m-3) and then divided by the crop yield (Y, kg ha-1).  
                                   WFgrey = (α × AR / Cmax –Cnat) / Y (Volume/mass)
For the crop, the pollutants generally considered here were nitrogen, phosphorus and zinc. Potassium was not considered here, as it is totally absorbed by the crop. The grey water footprint of the experimental field due to nitrogen, phosphorus and metals for the crop was calculated separately and then added to get the total grey water footprint of the field for the crop due to pollutants.
In the case of the tree, no direct application of fertiliser was done in the field condition, so for the tree, no pollutants are considered here. The grey water footprint of the experimental field due to pollutants for the tree was taken as zero (0) here.
           The grey water footprint of agroforestry (AFWFgrey, m3 kg-1) was calculated as the addition of the grey water footprint of the experimental field for crop due to pollutants with the grey water footprint of the experimental field for tree due to pollutants, divided by the total yield of agroforestry (paddy grain+ paddy straw+ LST+ SST+ FW)  (Y, kg ha-1). 
    AFWFgrey = (α × AR / Cmax –Cnat) for crop + (α × AR / Cmax –Cnat) for tree / Y (Volume /mass)   
                   Here, (α × AR / Cmax –Cnat) for tree =0
So, 
                   AFWFgrey = (α × AR / Cmax –Cnat) for crop / Y (Volume /mass)   
All the values for leaching runoff fraction, maximum concentration and natural concentration for nitrogen, phosphorus and metals were taken from the literature Grey water footprint accounting, Tire 1 supporting guidelines (Franke et al., 2013). All the values of maximum and natural concentration were converted into kg m-3. Rate of application of fertiliser was 100:60:40:: N: P: K (Kg ha-1).
The total water footprint was calculated by summing all three components
               AFWFtotal = AFWFgreen+ AFWFblue+ AFWFgrey   (Volume /mass)
 RESULTS AND DISCUSSION
 Effect of pruning on paddy equivalent yield (PEY) of all five components  
Paddy equivalent yield of tree component (LST + SST + FW) and the crop component (grain + straw) were added together to get the grand PEY of agroforestry. 
Grand PEY of P25 (7856 kg ha-1) was significantly superior to other pruning intensities. Similar advantages of light pruning for overall system productivity and carbon gains have been reported in Dalbergia sissoo–based agrisilviculture systems in central India (Kar et al., 2022). Grand PEY of P50 (5849 kg ha-1), P75 (5431 kg ha-1) and P0 (4313 kg ha-1) were statistically similar (Table 1 and Fig.3).
These results are in conformity with the findings of Islam et al. (2006), who also recorded higher paddy yield under higher pruning of D.sissoo. Okun et al. (2001) worked for Albizia procera + maize, Bhargava (2003) for A. procera + mustard, and for Dalbergia latifolia + black gram. All these supported the current findings that under-storey crop yield is higher in high pruning, like P75, and lower in low pruning, like P25 and no pruning, like P0.
Light pruning P25 and moderate pruning P50 have more biomass than no pruning P0 and heavy pruning P75. During pruning, twigs and branches of the lower portion of the stem are removed, which changes the volume of the stem into a more cylindrical shape, thus more biomass accumulation. Muhairwe (1994), Pinkard et al. (2004) and Ranjan et al. (2016) reported similar results. Comparable patterns of improved stem form and biomass accumulation under lighter pruning intensities have been documented for D. sissoo and associated crops in central Indian agrisilviculture trials (Singh et al., 2020; Kar et al., 2022). Muhairwe (1994) reported that pruning changes the shape of the stem into a more cylindrical form rather than a conical form. Pinkard et al. (2004) reported that stem volume significantly reduced in 70% pruning than in others. Ranjan et al. (2016) reported the highest timber volume in 25% pruning over 0% and 75% pruning.
In the present study, the highest total production equivalent yield (PEY) was obtained under moderate pruning (P25), even though earlier studies have often reported improved under-storey crop yields at heavier pruning intensities (e.g. P75). This apparent discrepancy can be explained by the fact that our PEY metric integrates both rice and tree components after conversion to a common paddy grain equivalent. While heavier pruning tended to favour the under-storey rice by increasing light availability, it simultaneously reduced the production of valuable tree components (large-sized timber, small-sized timber and fuelwood). Under P75, the modest gain in rice PEY was more than offset by the decline in tree PEY, whereas P25 maintained a more productive tree canopy without severely depressing rice yield. As a result, system-level PEY exhibited a trade-off curve with an optimum at moderate pruning rather than at the highest pruning intensity. Recent economic analyses of D. sissoo–based agroforestry similarly indicate that intermediate pruning levels can maximise whole-system returns when both crop and tree outputs are considered (Jatav et al., 2025).
Influence of pruning on green, blue, grey and total water use 
Table 2 reveals that the total water use (WU, m3 ha-1) is the addition of the values of WU green, blue and grey. After analysing the data statistically, it has been observed that there was no significant difference, as the values were almost the same. Total water use did not differ significantly among pruning intensities (p > 0.05), indicating that the variations observed in green, blue, grey, and total water footprints were mainly driven by changes in PEY rather than by differences in water consumption. Similar findings, where agroforestry systems enhanced water productivity primarily through yield gains rather than reduced water use, have been reported for semi-arid integrated systems in India (Rathore et al., 2022) and in broader reviews of soil–water ecosystem services under agroforestry (Udawatta & Gantzer, 2022).

Water footprint (WF)
Rice is one of the water-intensive crops, so it is desirable that the total water footprint of rice be as low as possible in agroforestry systems. Green, blue and grey water footprints are the three components of the total water footprint. With the condition of a lower total water footprint, it is desirable that each component, viz. green, blue and grey water footprint, should also be as low as possible. Global assessments indicate that the total water footprint of rice often exceeds 2,500–3,500 m³ t⁻¹ when green, blue and grey components are combined (Chapagain & Hoekstra, 2011), while recent Indian studies also report high consumptive use and pollution-related grey footprints in rice–wheat systems (Kashyap & Agarwal, 2021; Mehla et al., 2023). These benchmarks highlight the relative improvement achieved under the P25 pruning treatment in the present study.
Effect of pruning on the water footprint of rice under an agroforestry system
 Green water footprint (WFgreen) 
	Statistical analysis revealed that 25% pruning intensity had having significant effect on the green water footprint of the agroforestry system. Green water footprint of P25 (0.767 m3 kg-1) was significantly lower than P0 (1.380 m3 kg-1), P50 (1.095 m3 kg-1) and P75 (1.176 m3 kg-1). 25% pruning intensity used only 767 litres of green water to produce 1kg of PEY, whereas 0%, 50% and 75% pruning intensity used 1380 litres, 1095 litres and 1176 litres of green water to produce 1kg of PEY, respectively. Green water footprint of P0, P50 and P75 were statistically similar (Table 3 and Fig. 4).
One of the effective ways to reduce water footprint in agricultural fields is the introduction of trees in agricultural fields. Trees are an important part of the water cycle. Their root extracts moisture from the soil while their leaves return moisture to the air as water vapour. Trees can influence local water cycling through transpiration and interception; in our system, we infer more complete use of rainfall from higher yields at similar total water use. Recent syntheses underline that agroforestry can enhance effective rainfall use and buffer crops against intra-seasonal dry spells by improving soil structure and rooting depth (Rolo et al., 2023; Quandt et al., 2023). These findings suggest that managed agroforestry utilised water more efficiently than unmanaged agroforestry under the studied conditions.
Blue water footprint (WFblue)
  	The trend of blue water footprint was similar to the green water footprint. The blue water footprint of P25 (0.6336 m3 kg-1) was significantly lower among all the pruning treatments. It means it used only 634 litres of blue water to produce 1kg of PEY. Blue water footprint of P0 (1.1405 m3 kg-1), P50 (0.8978 m3 kg-1) and P75 (0.9727 m3 kg-1) were statistically similar. It means 0%, 50% and 75% pruning intensity used 1141 litres, 898 litres and 973 litres of blue water to produce 1kg of PEY, respectively (Table 3 and Fig. 4).
Introduction of trees in agricultural fields helps in maintaining the groundwater table through their deep-rooting system. Canopy cover and leaf litter (mulch) of trees reduce the evapotranspiration, thus reducing the irrigation requirement of the farm. So managed agroforestry system allows the sunlight to reach the ground surface, so it does not limit the understorey growth and utilises the irrigation water more efficiently, hence reducing the blue water footprint. Unmanaged tree canopy obstructs the sunlight and causes a shading effect on undergrowth and reduces the overall yield of the agroforestry system, resulting in less efficient use of irrigation water (higher WFblue per unit of output), which is undesirable from a water-productivity perspective. Reducing the blue water footprint is encouraging to save the groundwater table, and allocating that saved water to another area
 Grey water footprint (WFgrey)
 	Grey water footprint of different pruning intensities also had a similar trend as that above. Grey water footprint of P25 (0.3531 m3 kg-1) was significantly lower among all the pruning treatments. It means it used only 353 litres of grey water. Grey water footprint of P0 (0.6354 m3 kg-1), P50 (0.5036 m3 kg-1) and P75 (0.5417 m3 kg-1) were statistically similar. It means 0%, 50% and 75% pruning intensity used 635 litres, 504 litres and 542 litres of grey water (Table 3 and fig. 4).
The study concludes that deliberate incorporation of trees in agriculture protects the soil by absorption of dangerous chemicals and other pollutants that have entered the soil. Trees can act as filters or buffers for certain pollutants, as their leaves, trunk and roots are natural pollutant filters, the water around the tree remains much cleaner than other areas. Review studies emphasise that agroforestry improves water quality through reduced nutrient and sediment losses and enhanced retention of agrochemicals in the root zone (Udawatta & Gantzer, 2022; Awazi et al., 2024).

Total water footprint (WFtotal)
  	The trend of the total water footprint was exactly similar to the above three water footprints. The total water footprint of P25 (1.754 m3 kg-1) was significantly lower among all the pruning treatments; it means it used only 1754 litres of water (green + blue + grey) to produce 1kg of PEY. Total water footprint of P0 (3.156 m3 kg-1), P50 (2.497 m3 kg-1) and P75 (2.691 m3 kg-1) were statistically similar. The pruning intensities of 0%, 50% and 75% used 3156 litres, 2497 litres and 2691 litres of water (green + blue + grey) to produce 1kg of PEY, respectively (Table 3 and Fig. 4).
Overall, these results indicate that a managed tree canopy (P25) used green, blue and grey water more efficiently than the unmanaged canopy (P0), yielding higher production per unit of total water footprint. In other words, moderate pruning delivered “more crop per drop” at the system level, a key requirement for meeting rising demands for food, fuel and timber under increasing water scarcity (Mehla et al., 2023; Quandt et al., 2023; Rolo et al., 2023). This aligns with broader evidence that well-designed agroforestry systems can simultaneously enhance water-use efficiency, sustain livelihoods, and contribute to climate-resilient food systems (Rathore et al., 2022; Rolo et al., 2023; Quandt et al., 2023).
Evidence from other regions also suggests that integrating trees into farming systems, either as intercrops or boundary plantings, can enhance overall productivity and provide multiple ecosystem services, including soil and water conservation and climate-change adaptation benefits (Atta-Krah et al., 2004; Huxley, 1999; Young, 1989; Russell & Franzel, 2004; Udawatta & Gantzer, 2022; Awazi et al., 2024). 
CONCLUSION: 
Among all four pruning intensities, P25 was found to be superior and had the lowest water footprint. The total water footprint of P50 and P75 was statistically similar, but a little higher than P25. Managed agroforestry performed better than unmanaged agroforestry. Managed agroforestry had a lower water footprint than unmanaged agroforestry. Our results support the potential of well-managed agroforestry to enhance water productivity and system outputs in rice–Dalbergia sissoo systems under the studied conditions. These findings can inform canopy management guidelines for D. sissoo–rice systems in similar semi-arid environments where water scarcity is a critical constraint.
Limitations and Future Scope
The present study has some limitations that should be acknowledged and can guide future work. First, the experiment was conducted at a single site and over a limited period, so the observed effects of pruning intensity on water footprint may not fully represent other soil types, climates or management conditions. Second, water use was estimated using standard crop- and tree-coefficient assumptions rather than direct measurements of evapotranspiration, and the same tree Kc was applied across pruning intensities; this introduces uncertainty, especially in how pruning alters tree water use. Third, the grey water footprint was simplified by focusing primarily on crop fertiliser inputs and not explicitly accounting for nutrient uptake or redistribution by trees. Fourth, microclimatic variables such as radiation, temperature and humidity under different pruning levels were inferred rather than measured. A further limitation is the use of a single, unit tree coefficient (K_tree = 1.0) for all pruning intensities, due to the lack of calibrated D. sissoo crop coefficients; this approximation calls for future validation with direct measurements of tree water use.
Future research should therefore include multi-year, multi-location trials with direct measurements of tree and crop water use, more detailed microclimate monitoring, refined grey WF parameterisation, and explicit allocation of water use between tree and crop products to capture the full performance of agroforestry systems.
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Fig.1	Periodical meteorological parameters during the crop and tree growing season (June 2016 to November 2016)




Fig.2	Periodical rainfall data during the crop and tree growing season (June 2016 to November 2016)


Table 1. Effects of pruning on paddy equivalent yield (PEY) of all five components.  
	Pruning intensity
	PEY of paddy grain 
(kg ha-1)


	PEY of paddy straw 
(kg ha-1)

	PEY of LST
(kg ha-1)
	PEY of SST
(kg ha-1)
	PEY of FW
(kg ha-1)
	Total PEY of AF
(kg ha-1)

	P0- No pruning
	862
	404
	2630
	207
	210
	4313

	P25- 25% 
	875
	410
	6015
	331
	224
	7856

	P50 – 50% 
	1333
	635
	3557
	168
	156
	5849

	P75 – 75% 
	1464
	691
	2845
	276
	155
	5431

	SEm+
	102
	48.1
	401
	21.2
	14.2
	503.5

	CD(0.05)
	314
	148.16
	1235
	65.4
	44
	1551



Table 2. Influence of different pruning intensities on quantity of green, blue, grey and total water use by agroforestry system

	

	Pruning intensity
	WUgreen
(m3 ha-1)
	WUblue
(m3 ha-1)
	WUgrey
(m3 ha-1)
	WUtotal
(m3 ha-1)

	
	
	
	
	

	P0- No pruning
	5850
	4837
	2694
	13381

	P25 - 25% 
	5850
	4837
	2694
	13381

	P50- 50% 
	5850
	4837
	2694
	13381

	P75- 75% 
	5850
	4837
	2694
	13381

	SEm+
	NS
	NS
	NS
	NS

	CD (0.05)
	NS
	NS
	NS
	NS



Table 3: Effect of different pruning intensities on water footprint of paddy under agroforestry system
	Pruning intensity
	WFgreen
(m3 kg-1)
	WFblue
(m3 kg-1)
	WFgrey
(m3 kg-1)
	WFtotal
(m3 kg-1)

	P0–No pruning
	1.380
	1.1405
	0.6354
	3.156

	P25-25% 
	0.767
	0.6336
	0.3531
	1.754

	P50-50% 
	1.095
	0.8978
	0.5036
	2.497

	P75-75% 
	1.176
	0.9727
	0.5417
	2.691

	SEm+
	0.105
	0.0857
	0.0482
	0.239

	CD (0.05)
	0.323
	0.2639
	0.1484
	0.735





Fig.3:	Effect of different pruning intensities on paddy equivalent yield of Dalbergia sissoo- rice agroforestry system





Fig.4:	Effect of pruning on green, blue, grey and total water footprint of Dalbergia sissoo- rice agroforestry system
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