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Agroforestry is an age-old practise of integrating farming with practises, preferably on the same unit of land on sustainable basis. There is tremendous scope for Agroforestry because India has achieved self-sufficiency in food production. Now its attention is becoming more focused on the ecological problems and shortage of fuel, fodder and other outputs as well as unemployment. So, agroforestry land use systems offer a better option by serving as carbon sinks and contributing in attaining food safety, subsistence income, and habitat amelioration. The current study was conducted in this context in the south Kashmir area of India with the objective of recognising the capability of various agroforestry systems for biomass estimation and carbon sequestration assessment for mitigating climate variation. The present study entitled “Biomass production, carbon stock and sequestration potential of prominent agroforestry systems in North-western Himalaya, India” was carried out, during 2018–2019. The study site is located between 33° 72’N and 75° 14’E at an altitude ranging from 2,900 to 5,900 M (amsl). Multistage random sampling technique was used for selection of sampled tehsils, blocks, villages and farmers in Anantnag district. The first stage was the random sampling of six tehsils namely Anantnag, Shangus, Kokernag, Dooru, Sallar, and Larnu and blocks per tehsil namely, viz.; Anantnag, Shangus, Sagam, Shahabad, Pahalgam and Larnu. Then four villages within each block like Anantnag (Ruhoo, Dialgam, Wanihama and Donipawa), Shangus (Shangus, Nowgam, Kutheir and Andoora), Sagam (Hiller, Khalhar, Sagam and Bidder), Shahabad (Larkipora, Shankerpora, Nathipora and Bragam), Pahalgam (Yanner, Charigam, Movra and Wahdan) and Larnu (Leesu, Dandipora, Bidhard and Larnu). Ten farmers within each village were selected, thus making a total of 240 farmers, which accounts 25% sampling intensity. Four agroforestry systems including horti-agriculture, agrisilviculture, (boundary planting), agri-horti-silviculture and horti-silvipasture were chosen for the study as the experimental configuration. Maximum biomass was found in horti-silvipastoral contributing 66.55 t ha−1 followed by agri-horti-silviculture as 50.18 t ha−1, horti-agriculture as 36.22 t ha−1 and agri-silviculture as 34.87 t ha−1. The maximum mean biomass of fruit trees (30.54 t ha−1), forest trees (25.19 t ha−1), grass (7.18 t ha−1) during the first cut and 3.64 t ha−1 during the second cut, was calculated in horti-silvipasture system. The overall biomass output of diverse agroforestry systems goes along with the sequence: horti-silvipasture > agri-horti-silviculture > horti-agriculture > boundary plantation, respectively. As a result, estimates of carbon stocks and carbon sequestration for all systems showed the same trend as values for biomass since they are both directly related to the capacity for biomass generation of various plant components. By providing for rural livelihoods and serving as an efficient carbon sink through carbon sequestration, these agroforestry systems in the Himalayas can significantly increase total production and productivity. The results of the current study could have a big impact on how alternative agroforestry systems and tree combinations are chosen for efficient carbon budget management in delicate Himalayan ecosystems.
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1. Introduction

In the modern era of global warming, interconnected climate indicators provide a comprehensive view of climate change and the rising threats to the Sustainable Development Goals (SDGs) affecting environmental, social, and economic systems. Carbon dioxide (CO2) is the principal greenhouse gas (GHG) produced as a result of anthropogenic activity and the cumulative impact of humans during the past, along with industrialisation (Malhi et al., 2021; Zandalinas et al., 2021). The well-known “greenhouse effect” is the link between CO2 and global warming that leads to climate change (Anderson et al., 2016). According to the WMO (2021), the amount of CO2 concentration in the earth’s atmosphere is around 413.20 0.2 ppm, and 55% of it is absorbed by oceans and land vegetation.

Since the middle of the 20th century, anthropogenic landscape activity has been a significant contributor to climate change, which accelerated in 2020 and 2021 despite a 5.6% decrease in fossil fuel CO2 emissions as a result of COVID-19 pandemic restrictions (WMO, 2021). Climate change and the rise in land-use conflicts necessitate the creation of sustainable land-use systems that balance agricultural production with the provisioning of several ecological services. According to global estimates, land use interventions help reduce emissions by roughly 30% through the process of carbon sequestration and are crucial for achieving the carbon reduction goal set by the COP-25 summit (Aynekulu et al., 2020). According to Mangalassery et al. (2014), carbon capture has been considered as a way to help minimise the rising CO2 accumulation in the environment. The soil and plant biomass that make up the large terrestrial carbon pool have the ability to take in and store atmospheric carbon through photosynthesis (Kaul et al., 2010).

It is well known that forestry can improve carbon sinks and lower CO2 emissions, thus playing a crucial role in carbon cycling and aids in mitigating climate change (Besar et al., 2020; Sarkar et al., 2021). However, the dynamics of nutrients (carbon and nitrogen) in the terrestrial environment were affected by rapid increases in urbanisation and anthropogenic activity (deforestation, land use change, biodiversity loss, and forest degradation; Dhyani et al., 2021; Mey and Gore, 2021; Kumar et al., 2022). However, it is impossible to ignore the role that trees outside forests (TOFs) play in enhancing human well-being and offering ecosystem services. In addition to supplying the needs for timber, industry, and livelihoods in both agricultural and human-dominated landscapes, the TOFs will successfully and effectively enable carbon dioxide (CO2) emissions to be offset by the forest ecosystems (Chauhan et al., 2020). Since they constitute one of the major C pools that contribute to global carbon (C) cycling, tree-based land use systems, particularly those in non-forested environments like agricultural land, have a important impact on process. Productivity in plantation is higher (3.2 Mg ha/1 year) than productivity of natural forest (1.1 Mg ha/1 year), so it can benefit from better silvicultural techniques than a wild forest (Lal and Singh, 2000). Additionally, resource management through agroforestry may offer a natural way to synchronise the implementation of adaptation and mitigation measures with the satisfaction of forest-based needs (Komal et al., 2022). Agroforestry has been acknowledged as a GHG mitigation strategy under the Kyoto Protocol because it is an integrated approach (Birhane et al., 2020; Das et al., 2020; Sarkar et al., 2021). This recognition is based on carbon capture and utilisation efficiency leading to greater carbon sequestration (Das et al., 2020; Semere et al., 2022).

Agroforestry is the deliberate coexistence of woody vegetation with agricultural crops, grasses, or farm animals on the same plot of land to benefit the environment, the economy, and society (Rapidel et al., 2015; Armengot et al., 2020). Agroforestry systems have different structural and functional compositions depending upon the temperature, elevation, soil structure, and rainfall pattern (Rajput et al., 2017; Chisanga et al., 2018; Singh et al., 2019; Birhane et al., 2020; Salve and Bhardwaj, 2020; Nath et al., 2022; Sharma et al., 2022). Given the significance of this activity, India developed a national agroforestry plan in 2014 to promote the full spread of agroforestry practises. The Green India Mission has also noticed agroforestry interferences. The promise of agroforestry to mitigate climate and assist farmers in adapting to its effects is a key driving force behind India’s agroforestry programme. The Green India Mission has also noticed agroforestry interferences. The potential of agroforestry to slow climate change and help farmers adapt to its impacts is a major impetus behind India’s agroforestry plan. As evidenced by the multiple-purpose trees (such as fodder, fruit, fuelwood, and timber trees) purposefully retained on farm bunds (Semere, 2019; Chavan et al., 2020), agroforestry has been practised historically for as long as anyone can remember. It also plays a significant role in preserving sustainability in farming systems (Chandra and Singh, 2018). Agroforestry has been identified as having the greatest potential for carbon sequestration among all the land uses that were the subject of the Land-Use, Land-Use Change, and Forestry (LULUCF) report’s research (Nair and Garrity, 2012). Agroforestry is receiving increased attention in global initiatives like Reducing Emissions from Deforestation and Forest Degradation (REDD) because of its implication in improving and regulating climate variability (Jose and Bardhan, 2012).

Current study focused on the accurate estimation of carbon stock in the prominent agroforestry systems in the eco-sensitive Himalayan region in order to understand the carbon sequestration potential of agroforestry systems in the region. Keeping this in view, the present investigation was carried out with the objective of quantifying the biomass, carbon stock and carbon sequestration potential of different agroforestry systems in district Anantnag of Kashmir division. The study might be helpful in giving information to decision-framers and agriculturists for efficient and long-term carbon balancing and climate variability mitigation in the temperate region of the Kashmir Himalayan ecosystem.



2. Materials and methods


2.1. Study site

The study area is situated in the southern region of Kashmir covering Anantnag district of Jammu and Kashmir, India. The district is 33 miles (53 km) away from Srinagar (the capital city), and is situated between 33o 20′ and 34o15’ N latitude and 74o30’ and 75o35’ E longitude. There is a mild climate in Anantnag (Koppen climate classification). As per Koppen climate classification, district Anantnag is having a mild climate compared to other regions of Kashmir valley Geographical factors like the Karakoram range to its east and the Pir Panjal range to its south greatly influence its climate. A typical description of the climate is that it is cool in the spring and the autumn season, warm in the summer, and frigid in the winter. The region has a temperate climate, with substantial winter snowfall occurring in the higher elevations. The entire southern sector of the study area, which borders the Jammu province tehsils of Reasi, Banihal, and Kishtwar, as well as the eastern sector, which borders the Ladakh division tehsil of Kargil. Pulwama district borders its northern and western sides, and Kulgam district is located on its western side. Anantnag has the most streams (Nallas) in Kashmir valley including Sandran, Brengi, Arpath, and Lidder,. Lidder, which emerges from Sheshnag Lake and irrigates the largest territory in the district, is the most significant of these. The Anantnag district has a wide intermountain valley and is hilly and mountainous in the north-east and south-west. Productivity is vulnerable in higher ranges and fertile in central regions because soil is poor in steep locations and rich in plain areas. Hapludalf is the name given to the medium- to fine-textured soils that have grown on Karewa tops and upland locations. Clay loam soils, which are dark brown in colour, are typical in plains.

In district Anantnag land use land cover category, there is a total of 341 ha dense built-up, 337 ha mixed built-up, 2,176 ha agriculture, 480 ha plantation, 118 ha water bodies, 60 ha wastelands, 196 ha sparse forests and 95 ha dense forests forming a total of 3,803 ha land (Malik, 2012). Nowadays, agroforestry is considered as the primary route to success for farmers and rural residents in the region, thereby generating work and income, ensuring the security of food and nutrition, satisfying other fundamental human requirements and protecting farmers from the effects of climate change (Figure 1).
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FIGURE 1
 Map of sampled villages of district Anantnag, Kashmir.




2.2. Experimental setup

The current research was performed in year 2018–2019 in district Anantnag of Kashmir division. For conducting this study regarding different land use patterns, field survey of all the agroforestry systems prevalent in selected representative areas was carried. Six tehsils, namely Anantnag, Shangus, Kokernag, Dooru, Sallar, and Larnu, were chosen out of a total of twelve. The blocks were chosen using a multistage stratified random selection procedure viz.; Anantnag, Shangus, Sagam, Shahabad, Pahalgam and Larnu. Then four villages within each block like Anantnag (Ruhoo, Dialgam, Wanihama and Donipawa), Shangus (Shangus, Nowgam, Kutheir and Andoora), Sagam (Hiller, Khalhar, Sagam and Bidder), Shahabad (Larkipora, Shankerpora, Nathipora and Bragam), Pahalgam (Yanner, Charigam, Movra and Wahdan) and Larnu (Leesu, Dandipora, Bidhard and Larnu). Ten farmers within each village were selected, thus making a total of 240 farmers to document the land use pattern of district Anantnag. A total of 240 households were selected for the field study from the sample villages with a 25% sampling intensity using a basic random sampling technique. Household heads/eldest members were the respondents interviewed during survey programme.

For different agroforestry systems at different sites, one 20 m × 20 m quadrant was laid for measuring tree biomass and three 1 m × 1 m quadrant were laid within 20 m × 20 m quadrant for measuring crop biomass thus making a total of 240 quadrats for trees and 720 quadrats for crops. During survey across the field, in horti-agriculture system, a total number of 555 trees/ha in combination C1(Apple + radish-kale), 555 trees/ha in combination C2(Apple + kale-chilli), 555 trees/ha in combination C3(Apple + kale-beans) and 80 trees/ha in combination C4(Walnut + oats-maize) were recorded. In agri-silviculture system (boundary plantation), a total of 138 trees /ha in combination C1(Poplar + salix + oats-paddy) and 160 trees /ha in combination C2(Poplar + mustard-paddy) were documented (Table 1).



TABLE 1 Inventory of tree-crop combinations in prominent agroforestry systems in study area.
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Also, in agri-horti-silviculture system, a total number of 336 trees/ha (156 fruit trees and 180 forest trees), 380 trees/ha (180 fruit trees and 200 forest trees) and 444 trees/ha (204 fruit trees and 240 forest trees) were recorded in combination C1(Poplar + apple + kale-beans), C2(Poplar + apple + kale-chilli) and C3(Poplar + apple + turnip-kale) respectively. Similarly, in horti-silvipasture system, a total of 753 trees/ha (625 fruit trees and 128 forest trees) and 756 trees/ha (625 fruit trees and 131 forest trees) were recorded in combination C1(Apple + poplar + grasses) and C2(Apple + poplar + salix + grasses) respectively (Table 1). All the above-mentioned trees (forest and fruit trees) and crops were further evaluated for biomass, carbon stock and carbon sequestration potential.




3. Methodology adopted


3.1. Biomass production

The study calculated both above- ground and below-ground biomass in trees and crops in all agroforestry systems. The above-ground biomass of several plant components, including stems, branches, leaves, and roots, was estimated. Biomass of forest trees, fruit trees and agricultural crops were calculated separately as below:


3.1.1. Forest tree

Forstem biomass with a diameter tape and a Ravi’s multimeter, the diameter of trees at breast height (dbh) that fell in the 20 × 20 m quadrat were measured. In order to get the volume using the Pressler (1854) and Bitterlich (1984) formula, the form factor was computed using the Spiegel relascope. Specific gravity was calculated by using formula proposed by Smith (1954). Belowground biomass was measured by using a factor of 0.25 for forest trees (Schulze, 1983). Thus, biomass of stem wood = specific gravity × volume. For branch biomass on each sample tree, the aggregate number of branches were calculated regardless of size. Based on the basal diameter, the branches were categorised into three groups: small, medium, and large. Each group’s two sampled branches weight was recorded individually. The formula given by Chidumaya (1990) was used to calculate the branch biomass in trees. Leaf biomass by dividing the sample tree’s branches into three groups based on basal diameter, small, medium, and large, the leaf biomass was calculated. Fresh weight of two sampled branches from each group was recorded separately. Immediately after being severed from the branch, the leaf biomass of each representative branch of the sample trees in each diameter class was counted in 20× 20 m quadrat. The leaf samples from two sampled branches of each group were put in individual bags and oven-dried at 65°C for 72 h, or until the consistent weight is obtained (Chapman, 1964).



3.1.2. Fruit tree

For stem biomass it was calculated by means of the regression equation, prescribed by Brown et al. (1989) and the formula is given as: Y = exp. {−2.4090 + 0.9522 ln (D2HS)}, where, Y = Biomass/tree (kg), D = Tree collar diameter, H = Height of tree (cm), S = Density of wood (g cm-3). Canopy biomass Canopy biomass was estimated by multiplying crown volume by specific gravity. Crown volume was estimated by using formula given by Avery and Burkhart (2002) {Crown volume = (db2L)/12, where, db = Crown base diameter (m), L = Length of crown}.

For the purpose of calculating specific gravity, Smith’s (1954) maximum moisture method was applied. Fruit samples weighing 1 kg were sun dried followed by oven dried at 60°C until their weight remained constant. Belowground biomass was determined by using formula given by Singh (2010). Then total biomass was computed by summing up of the total above-ground biomass and belowground biomass of the fruit trees.



3.1.3. Crop biomass

Crop (rabi and kharif) and grass biomass were measured by means of (1 × 1) m quadrates. At the time of harvest, the total biomass was determined by uprooting, which was then evaluated to calculate green/fresh weight. The samples were put in individual bags and dried in an oven at 65°C for 72 h, or until the weight remained consistent (Chapman, 1964). Estimation of carbon. The calculation of carbon stock was determined by multiplying total biomass by a conversion factor that represents the average carbon content in biomass. The default value of 0.45 for the conversion of biomass to carbon was used (Woomer, 1999). Therefore, the total carbon stock (C) present in the calculated total biomass was equal to C = 0.45 × Biomass (total). The mitigation potential of the system was worked out by calculating equivalent carbon dioxide (eCO2) as per formula: CO2e = C × 3.67.




3.2. Data analysis

The data obtained were subjected to the statistical analysis as per procedure given by Gomez and Gomez (1984) using R-software and SAS statistical package. Also, one-way ANOVA was used for analyzing the data of different systems in the present study.
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4. Results

Among four different systems under study, the horti-silvi-pasture system recorded maximum aboveground tree biomass (43.11 t/ha), belowground tree biomass (12.58 t/ha) and total tree biomass (55.73 t/ha) and was significantly greater than all other agroforestry systems. The agri-silvipasture (homegardens) however was found next to horti-silvipasture recording 30.80 t/ha, 8.16 t/ha and 32.76 t/ha as aboveground tree biomass, belowground tree biomass and total tree biomass respectively, while as significantly lowest aboveground tree biomass (15.44 t ha −1), belowground tree biomass (3.84 t ha − 1) and total tree biomass (19.3 t ha −1) were recorded in agri-silviculture system (boundary plantation). Also, maximum total crop biomass was found in agri-silviculture (boundary plantation) as 15.54 t ha−1, which was significantly higher than all other agroforestry systems. The horti-agriculture system was found next to agri-silviculture (boundary plantation) recording 12.52 t/ha as total crop biomass, while as lowest total crop biomass (10.82 t ha−1) was recorded in horti-silvipasture system. Total biomass production (tree+ crop component) followed a similar pattern as that seen in above and below ground tree biomass, with horti-silvi-pastoral system contributing maximum as 66.55 t ha−1 which was significantly higher than all other systems and was followed by agri-horti-silviculture as 50.18 t ha−1 and horti-agriculture as 36.22 t ha−1. Minimum value was recorded under agri-silviculture (boundary plantation) as 34.87 t ha−1 (Table 2).



TABLE 2 Aboveground, belowground and total biomass (t ha−1) production in prominent agroforestry systems.
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Since both carbon storage and carbon capture capability of all the systems are directly linked to the biomass production of the various plant components, so they both match their capacity for biomass production. Plant biomass can vary significantly in terms of carbon content in an intricate agroforestry system, and this variation affects production. Productivity is determined by a variety of elements, including age, kind of soil, crop type, growing habits, and management intensity. So, in our study, a similar trend was observed in values of carbon stock and carbon sequestration potential as that of above-mentioned total biomass estimations in agroforestry systems. Horti-silvipasture was having highest values for tree carbon stock (25.07 t ha−1) and tree carbon sequestration potential (92.04 t ha−1) and were significantly higher than all other systems. The agri-silvipasture (homegardens) however was found next to horti-silvipasture recording 38.82 t ha−1 and 64.33 t ha−1 as tree carbon stock and carbon sequestration potential respectively, while as significantly lowest tree carbon stock and sequestration potential as 8.68 t ha−1and 31.85 t ha−1, respectively, were recorded in agri-silviculture system (boundary plantation).Also, maximum total crop carbon stock and carbon sequestration potential was found in agri-silviculture (boundary plantation) as 7.98 t ha−1 and 25.65 t ha−1 respectively, which was significantly higher than all other agroforestry systems. The horti-agriculture system was found next to agri-silviculture (boundary plantation) recording 5.63 t ha−1and 20.62 t ha−1as total crop carbon stock and sequestration potential, while as lowest total crop carbon stock and sequestration potential (4.86 t ha−1 and 17.93 t ha−1 respectively) were recorded in horti-silvipasture system (Tables 3, 4).



TABLE 3 Aboveground, belowground and total carbon stock (t ha−1) in prominent agroforestry systems.
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TABLE 4 Aboveground, belowground and total carbon sequestration (t ha−1) potential in prominent agroforestry systems.
[image: Table5]

The overall comparison of agroforestry systems practised by the farmers of Anantnag district clearly shows that the horti-silvipastoral system outperforms the other agroforestry systems and are most productive in terms of total biomass accumulation (66.55 t ha−1), carbon stock (29.94 t ha−1) and carbon dioxide sequestration potential of 104.4 t ha−1 (Tables 2–4). The involvement of forest trees in the horti-silvipastoral system was 37.83%, fruit trees as 45.86% and crop (rabi and kharif) contributed 16.29% in biomass, carbon stock and carbon sequestration potential. Agri-silviculture, on the other hand, was least productive in terms of total biomass (34.87 t ha−1), carbon stock (15.67 t ha−1) and CO2 sequestration potential (57.58 t ha−1). The contribution of forest trees in agri-silviculture system was 55.36% and crops contribute 44.61%.



5. Discussion

The horti-silvi-pasture system recorded maximum aboveground tree biomass (43.11 t/ha), belowground tree biomass (12.58 t/ha) and total tree biomass (55.73 t/ha) and was significantly greater than all other agroforestry systems. Also, lowest aboveground tree biomass (15.44 t ha −1), belowground tree biomass (3.84 t ha − 1) and total tree biomass (19.3 t ha −1) was recorded in agri-silviculture system (boundary plantation). In horti-silvi-pasture systems, the density of trees being high and greater average height and dbh values of individual trees will contribute to the higher values of total tree biomass and vice-versa (fewer trees per hectare in agri-silviculture). Also, aboveground biomass is a valuable resource in most land use regimes, so more biomass is allocated to aboveground components as it includes biomass from tree’s trunk, stump, branch, twig, and leaves, as opposed to the tree’s underground biomass, which only includes biomass from its fine and coarse roots. The number of woody plants in a specific agro-forestry system, as well as management strategies, play a vital impact in affecting biomass in a particular agro forestry system (Dar et al., 2019; Siarudin et al., 2021; Kumar et al., 2022). Agroforestry systems are complex and heterogeneous and, the more the heterogeneity, the more efficiently the carbon is sequestered compared to simpler systems (Rai et al., 2021; Tamang et al., 2021). However, the efficiency of Agroforestry systems as carbon sinks is governed by their size, natural site qualities, choice of species and management practises followed, i.e., carbon sequestered by an AFS depends on its structure and composition modified by environmental and socio-economic factors. Moreover, inter- and intra-specific variation in tree diameter, stand age, stand structure and diversity of the system also affect variation in biomass and its carbon (Bajigo et al., 2015; Panwar et al., 2022). Similarly, study conducted by Devagiri et al. (2020) in western Ghats region of peninsular India found that coffee agroforests resembled natural forest and mixed species plantations in terms of biomass production due to presence of tree diversity in this system. Also, study conducted by Panwar et al. (2022) reported that AGB was highest in block plantations (mean = 109.8 Mg ha − 1), followed by plantation crop systems (mean = 88.49 Mg ha − 1), with the lowest AGB observed in boundary plantations (mean = 17.14 Mg ha − 1). BGB was highest in homegardens (mean = 34.68 Mg ha − 1), followed by block plantations (mean = 26.19 Mg ha − 1), and lowest in boundary plantations (mean = 2.67 Mg ha − 1).

Current study also witnessed that agri-silviculture (boundary plantation) contributed maximum crop biomass as 15.54 t ha−1, which was significantly higher than all other agroforestry systems and minimum was recorded in horti-silvipasture system (10.82 t ha−1; Table 2). Greater crop biomass observed in case of agri-silviculture system might be due to the consistent and enough solar incidence in open agricultural fields as a result of larger open photosynthetic area, and the absence of competition between woody perennials and agricultural crops for moisture, light, nutrients, and space, among other factors. Minimum biomass of grass species in case of horti-silvipasture might be because trees and grasses compete for the same resources, such as sunlight, water, and nutrients. Our results are corroborated with Nandal and Singh (2001), Handa et al. (2004), Yadav (2010), and Chauhan et al. (2008) who found that increasing the distance between trees and crops, improved crop performance and production. Chavan et al. (2022) also, reported that the performance of sorghum and wheat crops is strongly influenced by the distance from tree lines and the age of the poplar trees and might be due to significant interaction between distance and aspect that was attributed to small differences in the intensity and duration of shadows cast by the boundary stands. Such study also observed a significant reduction of fodder biomass of sorghum and wheat yield was observed up to 9 m distant from the tree line. The reduction was 10–60% for the kharif season and 7.2–29.5% for rabi crops from the 2nd year to 8 years after planting, respectively. Similarly, Honfy et al., 2023 investigated the tree planting pattern of black locust (Robinia pseudoacacia L.) when intercropped with triticale (x Triticosecale W.) and observed that more the trees planted on a hectare, the higher the volume of the stand, and the less yield of triticale. Studies carried out by various researchers observed that a significant yield reduction of more than 70% was observed near the tree base (0–3 m) and about a 10–35% reduction up to 9 m away from the tree (Yang et al., 2015).

Total biomass (tree + crop component) followed a similar pattern as in above and below ground tree biomass, with horti-silvi-pastoral system contributing maximum as 66.55 t ha−1 which was significantly higher than all other agroforestry systems and was followed by agri-horti-silviculture as 50.18 t ha−1 and horti-agriculture as 36.22 t ha−1. Also, minimum total biomass was recorded under agri-silviculture as 34.87 t ha−1 (Table 2). This could be attributed to higher tree density and difference in management regimes; for example, in horti-silvipasture system, farmers retain native trees in large numbers to provide them fruit on a large scale and forest trees serve as live fence, thus overcomes fodder scarcity.

Similary, carbon stock and carbon sequestration values of different agroforestry systems follows same trend as in above mentioned biomass production being significantly more in horti-silvipasture followed by agri-horti-silviculture (homegardens) and horti-agriculture and minimum values in agri-silviculture (boundary plantation). The inclusion of forest trees in the agroforestry system, which results in continuous carbon locking in woody plants, and the natural accumulation of fallen leaf debris to soil, which assists in the build-up of carbon in soil beds and, consecutively, aids in considerable production of structure, may be the primary causes of the maximum carbon reserve in horti-silvipasture and agri-horti-silviculture (homegardens). However, most of the biomass in horti-agriculture and agri-silviculture (boundary planation) is taken yearly by harvesting, trimming, and felling. The ability to capture carbon dioxide rely on variety of characteristics, involving species type, genetic make-up, maturity, structure, functional components, and number. Tree plantations are a better option for reducing atmospheric carbon since they store more carbon, but due to population pressure and the rising demands for agricultural land, these plantations fail to extend. As a result, the agroforestry system appears to be a better alternative for preserving biodiversity while still providing economic advantages to society. Nair et al. (2009) reported that the capacity for carbon capture in agroforestry land use systems is based on the woody element. Farmlands has greater capacity to sequester carbon with highest woody component than other land use systems (lesser woody components; Sureshbhai et al., 2017; Dar et al., 2019). The ability of different agroforestry systems to store carbon varies greatly, and the amount of carbon stored is mostly influenced by the kind of agroforestry system utilised, its arrangement and role, as well as the surrounding environment and socioeconomic factors. Tree species and system management are two further elements that may influence carbon storage in agroforestry system (Nair et al., 2010).



6. Conclusion

Agroforestry systems has a greater capacity to influence the source or sink role of the trees. It could play an important role in mitigating climate change as it sequesters more atmospheric carbon in plant parts and soil than conventional farming. The present study recognised the capability of various agroforestry systems for biomass estimation and carbon sequestration potential for mitigating climate variation in north-western Himalayas. Agroforestry systems differed in terms of biomass output and carbon sequestration potential. As seen from the data, the horti-silvipasture system recorded maximum values for biomass and carbon sequestration potential, agri-silviculture system (boundary plantation) recorded minimum values. So, the study concluded that horti-silvipasture system outperforms the other agroforestry systems and are most productive in terms of carbon sequestration potential. Thus, adopting these agroforestry systems not only contributes to environmental stability by reducing carbon dioxide emissions, but it also increases farming income, so improving farmer livelihood. As a result, if the carbon trapped by these systems is traded to rich countries, there is a compelling financial incentive for farmers to use them thus, by development of suitable agroforestry systems in diverse agroclimatic zones, not only the area of greenery in the country be increased, but the proportion of greenhouse gases in the environment may also be significantly reduced. Therefore, agroforestry will be a workable method for reducing climate crises if it is encouraged for greater adoption by cultivators in the nation.
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