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Abstract

Agroforestry is a sustainable land use system that combines tree and crops for productive and protective purposes. Integration of trees in agroforestry system
results in positive or negative tree-crop interactions, hence, selection of suitable tree — crop combinations is important. To find out the suitable tree-crop
combination, a field experiment was conducted at Regional Research Station (Bidhan Chandra Krishi Viswavidyalaya), Jhargram, West Bengal, India. The
different crops were cultivated and evaluated during 2017- 18 in alley space of mango (Mangifera indica) and Lamboo (Dysoxylum binectariferum) plantation
raised during 2010. Mango plants were planted at 10x10m spacing and Lamboo plants were introduced between two mango plants with in the row i.e., each
at 5m distance from mango plant. The crops viz pigeon pea (Cajanus cajan), black gram (Vigna mungo), bottle gourd (Lagenaria siceraria), okra
(Abelmoschus esculentus) and maize (Zea mays) were cultivated during monsoon-autumn and mustard (Yellow Sarson i.e., Brassica campestris) in winter
season. The data revealed that Lamboo and Mango trees in agroforestry system recorded significantly higher growth and yield in comparison to pure
plantations. The growth attributes of Lamboo and Mango were recorded to be highest in treatment (T1). The productivity of Lamboo and Mango was also
recorded to be highest in the treatment accompanied with Mango and Pigeon Pea. After completion of two cycles of cropping, the results revealed that
increase in percentage of organic carbon, N, P and K was found to higher in T1 (Lamboo + Mango + Pigeon pea) i.e., Organic Carbon -29.73%, N-39.21%, P-
38.20% and K-19.66%). The maximum gross income was recorded in T3 (Lamboo + Mango + Bottle gourd — Mustard) i.e., ¥7,64,995 per hectare. Hence, this
tree-crop combination can be adopted for highest return in Paschim Medinipur, West Bengal.

Introduction

Indian agriculture is facing diverse challenges and constraints due to growing demographic pressure, increasing food, feed and fodder needs, natural resource
degradation and climate change. There is a quintessential requirement for alternate land use systems for upliftment of livelihood of the farming community in
a sustainable manner. The prognosis of the present scenario of agricultural farming community and meeting the demands of the future generation infers us
to adoption of diversification of land use systems with agroforestry as a necessary strategy for providing variety of products for meeting requirements of the
people and insuring against risks caused by weather aberrations, controlling erosion hazards and ensuring sustainable production on a long-term basis,
particularly in view of the effects of climate change (CAFRI 2021); Swodesh R (2019); Toppo and Raj (2018). Well planned agroforestry system can play an
important role in solving acute problem of food, fuel wood, fodder, soil fertility and ecology as well as plays significant role in improving the economic status
of the farmers Hombegowda et al. (2022); Dhyani and Handa (2014). Agroforestry is a collective name for land use systems and technologies where woody
perennials (trees, shrubs, palms, bamboos, etc.) are deliberately used on the same land-management units as agricultural crops and/or animals, in some form
of spatial arrangement or temporal sequence Amatya et al. (2014); (FAO 2010). In agroforestry system, there are different components and interaction
between ecological and economic factors. In other words, agroforestry is combination of agricultural technology and foresting in order to complete, variety,
productivity, health and sustainability of land Amatya et al. (2018); Murmu et al. (2016). It is also a dynamic and ecologically based natural resource
management system Mondal and Palit (2022).

Negash and Starr (2015) cited that agroforestry can mitigate climate change through creating and enhancing carbon sinks by capturing carbon from the
atmosphere through photosynthesis and storing it in biomass and soil. The beneficial outcomes of agroforestry include carbon sequestration, increased soil
quality, erosion control, reduced fossil fuel use, and increasing resilience in the face of an uncertain agricultural future.

Monocropping neither provides gainful employment opportunities nor generates sufficient income to meet the family expenses Singh et al. (2016); Dhara and
Sharma (2015). Fruit based agroforestry is a proven land use system for vertically enhancing productivity and risk coverage against unstable weather
conditions. Das et al. (2022); Dhara and Panda (2019); Hemrom and Nema (2015); Alam et al. (2014) focussed on selection of intercrops, fruit trees and silvi
species which depends on agro-climatic conditions and farmers choice for effective utilization of available space, both horizontally and vertically by making
use of available technology thus enhancing physical and socioeconomic resources of the farmers.

Murmu and Dhara (2022); Dhyani (2018); Das et al. (2017) explained the advantages of mango based agroforestry systems with integration of tree
component and fruit component where the tree components provides food, timber, construction materials, raw materials for forest-based small scale
enterprises and other cottage industries and in some cases, enrich soil with essential nutrients. Leakey (2012) explained that average carbon stock in
agroforestry systems ranges between 9 and 63 Mg C ha - ' year - ' depending on the climate (semi-arid to temperate).Carbon stocks in agroforestry systems
of the tropics vary even for similar types of agroforestry systems due to the diversity of agroforestry practices (e.g., home gardens, windbreaks, intercropping,
woodlots, etc.) and the impact of environmental (e.g., access to soil moisture, light and nutrients) and management (e.g., pruning and felling) factors (Nair and
Nair 2014 and Dawson et al. 2014).

Lamboo (Dysoxylum binectariferum) is an important forest tree of eastern region of India which provides substantial earning to the livelihood of the farmers. It
grows up to 45m height trunk erect, 1-1.8m in diameter; crown is large. It is a source of pollen and caramel-flavoured honey. It is widely used for firewood,
charcoal good quality pulp and paper. It is also planted in shelter-belts as a wind break and for shade and a suitable species in reforestation programme.
(Murmu et al. 2017). The literature survey reveals that a number of Dysoxylum species are good amount of medicinal value in India and other countries of the
world. The Dysoxylum species are considered to possess various pharmacological activities like in treatment of anti-inflammatory, analgesic, anti-microbial,
antitumor, CNS activities, molluscicidal and cardiac activities etc. It is a promising drug to be utilised in anti-cancerous properties (Arya et al. 2017 and Parcha
et al. 2004).

Hardy and deep rooted fruit plants like Mango (Mangifera indica), Guava (Psidium guajava) and Ber (Ziziphus mauritiana) can be planted as high value
horticultural crops on degraded waste lands in red and laterite tract of West Bengal (Tiwari and Baghel 2014). Mango trees on crop lands were widely
perceived as having a positive effect on soil fertility and soil moisture as well as mango litter is used for soil amelioration (Rathore et al. 2013). Despite its
limitation for short term correction of soil fertility, Mango leaves can be used for long—term buildup of soil organic matter (Das et al. 2022), and well adapted
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to cultivation and have been grown commercially for centuries as a source of fruit, medicine, fodder, firewood, timber, poles and shade Chavan et al. (2015);
National Agroforestry Policy (2014); Dhyani (2014); Chauhan et al. (2012).

Crop production on red and laterite soil under rainfed condition is low and unstable. It is estimated that nearly 50% of western part of West Bengal is under
rainfed cultivation and encounters land degradation. The soil erosion prone zones are to be managed with adaptation of agroforestry models to enhance the
livelihood of the farmers in a different way. Intercropping of rainfed arable crops with fruit/forest trees is of immense importance for bringing in quick returns
during initial years of plantation. Keeping in view the above facts, a field experiment was undertaken to develop a fruit-based agro-production system for
rainfed humid sub-tropical region of West Bengal.

The scrutiny of role of silvi-fruit based agroforestry system which is an ideal model for alternative land use system for food security, socio-economic benefits
and assessment of carbon sequestration helps to improve the application, scaling and sustainability of agroforestry systems. The focal point of the present
studies the features to be examined are:

e The agroforestry systems acts as carbon sink which increases the soil fertility and water holding capacity of the soil hence improving the livelihood of the
farmers unlike monocropping.

« Intercropping of rainfed arable crops with fruit/forest trees impacts on social-ecological drivers, processes, and impacts and analysis of silvi-fruit based
agroforestry system is very important for deriving returns for enhancement of economic returns in rainfed humid sub-tropical region of West Bengal.

¢ Analysis of Soil Organic Carbon derived from agroforestry systems is an important performance indicator of silvi-fruit based agroforestry systems which
enhances soil health cumulatively.

Materials and methods
Location of the study area

The present study was carried out at Regional Research Station (Red and Laterite Zone) of Bidhan Chandra Krishi Viswavidyalaya at Jhargram, Paschim
Medinipur, West Bengal, India. The experimental site is located at 22°30"N latitude and 87°0"E longitude and at an elevation of 78.77 above mean sea level.

Climate and weather

The experimental site is characterized with short winter and long hot summer. The annual precipitation varies between 1100 to 1300 mm, about 80% of which
is usually received during monsoon period (June — September). Maximum and minimum temperatures during the month of cropping period were found
between 25.5°C — 38.8°C and 16.4°C— 28.2°C, respectively (Dhara and Sharma 2015).

Soil

Soil is characterized as coarse texture and acidic with pH 5.5 and poor in organic matter, available nitrogen, phosphorus, potassium and lime content, and
highly susceptible to erosion hazards.

Tree and plant material

Previously established mango (Mangifera indica) trees were used as fruit tree component and Lamboo (Dysoxylum binectariferum) was used as tree
component with six arable crops as intercrops viz. pigeon pea (var. UPAS 120), black gram (var. WBU 109), okra (var. Parvani Kranti), bottle gourd (var. Pusa
Summer prolific round) and maize (var. Kanchan-K-25).

Experimental design and treatment combination:

One year old saplings of mango grafts cv. Amrapally (100 Nos.) were planted during August, 2010 at 10mx 10m spacing. Alongside, 2 months old seedlings
of Lamboo (Dysoxylum binectariferum) were planted in between two mango plants and 5m spacing in between two mango rows and as boundary plantation
of the experimental field for shelter belt. The plot size of experiment was 20mx 20m for each treatment. Six arable crops viz. pigeon pea (var. UPAS 120), black
gram (var. WBU 109), okra (var. Parvani Kranti), bottle gourd (var. Pusa Summer prolific round) and maize (var. Kanchan-K-25) were grown during kharif
season (mid June to last October) followed by mustard crop in rabi season (October to March) as intercropping under Lamboo-Mango based agroforestry
system during 2016-17 and 2017-18, Mustard (var. B-9/Binoy) was cultivated by using residual soil moisture mustard (var. B-9/Binoy) was cultivated during
rabi season of 2016-17 and 2017-18.

The experiment has been laid out in a randomized block design having 8 treatments (T = Lamboo + Mango + Pigeon pea; T, = Lamboo + Mango + Blackgram
followed by Mustard; T3 = Lamboo + Mango + Bottle gourd followed by Mustard; T, = Lamboo + Mango + Okra followed by Mustard; Ts = Lamboo + Mango +
Maize followed by Mustard; T¢ = Lamboo + Mango; T, = Lamboo; Tg = Mango) with 3 replications. Inter crops were grown with standard agronomic package of
practices. Different growth parameters of silvi species and fruit tree (height, DBH, crown diameter and fruit yield) were recorded. Standard management
practices were adopted for intercrops.

Land preparation

The experimental land was ploughed in the month of April, 2016. Weeds and stubble were removed from the field and then left exposed to natural weather for
several days before the land was finally prepared for sowing seeds of arable crops.
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Management practices

Different management practices such as fertilizer and manures application, weeding, irrigation, thinning or filling, pest and disease management etc. were
done for better growth of the plants.

Data analysis
Different growth parameters of tree species/ fruit tree (height, diameter at breast height / basal diameter and fruit yield) were recorded.

Height of the tree species was recorded by means of a measuring tape and a bamboo pole from the ground level to the tip of the plant. For this, the tape is
made to run along the middle of the stem to the tip of the plant.

Bole height of the tree species was recorded by using measuring tape and a bamboo pole from the ground level to the crown point of tree. For this, the tape is
made to run along the middle of the stem to the crown point of tree.

Diameter at breast height (DBH) of the tree species was measured at 137 cm above the ground with the help of a Vernier calliper because Diameter at BH 137
cm was the most commonly reported value (Condit 1998). Some scientists suggested that ‘DBH’ is ambiguous, they propose abandoning that term and
instead using ‘D’ and a subscript to indicate diameter measured at a specific height. Thus ‘D43;" would indicate tree diameter at 137 cm. ‘DBH’ may still be
needed as a generic term (Brokaw and Thompson 2000; Dahdouh-Guebas and Koedam 2006).

Basal area refers to the ground actually penetrated by the stem. It is one of the chief characters determining the dominance or otherwise of a particular
species in a community or vegetation stand. Total basal area per unit land area was calculated by multiplying the basal area per tree with corresponding
density and converting as total basal area by the multiplication of total number of tree per hectare. Basal area (BA) of individual tree was calculated using the
equation.

DBH)’
BAITI'X!

The ultimate object of all mensurational activity in forest is to calculate or estimate quantity of wood contained in trees and consequently in crops not only for
sale but also for research, predicting future yields, estimating increment to assess return on capital, etc. Volume has been the traditional measure of wood
quantity and continues to be the most important measure in spite of increasing use of weight or biomass as a measure of forest productivity. For calculating
volume yield of standing trees, parabolic volume (PV) using Smalian’s formula (Newbould 1967; Chaturvedi and Khanna 2000) was calculated by using

Eqg. 3.3. To convert as total volume yield of tree per hectare was done by the multiplication of total number of tree standing in one-hectare land.

The volume yield calculation (for tree species) was done by quarter girth formula postulated by (Jackson 1973). The volume yield of per tree was estimated by
given equation then convert to on per hectare basis.

Y,o1 = BA x hy x 0.5
Where, V = Timber volume yield; ht = Bole height of tree
The commercial biomass was estimated by the help of commercial volume yield and wood density (Brown et al. 1989).

Biomass = VolumeYield (kg/m®/ha/yr) x WoodDensity(kg/m®)

To calculate the carbon stock as biomass, the equation postulated by Winrock (1977), as generalized for conversions from biomass to carbon stock was
calculated by using following formula:

C = 0.50 x Biomass
To calculate the carbon stock as crop biomass (Woomer 1993) was used, as generalized for conversions from crop biomass to carbon stock.
C = CropBiomass x 0.45

To estimate total C under fruit-based AFS, the carbon stock as total agroforestry biomass and soil organic carbon (here, SOC) present in soil were considered.
Estimation of SOC (Calfapietr et al. 2010) from percentage values to tonnes per hectare was computed by multiplying SOC (%) values with soil bulk density
and the thickness of soil layer (here, 15 cm, considering crop root zone in soil) following formula:

SOC(t/ha) = OC (%) x BD(g/cm?®) x Depth (cm) x 100
The total carbon stock (Dixon et al. 1994) for the present land use was calculated by using following formula:
CarbonStock (total) = Castotalagroforestrybiomass + SOC

Data on soil nutrient status had also been taken both prior to commencement of the experiment and after completion of two cycles of inter cropping for
calculation of increase or decrease percentage of soil nutrients. Soil nutrient build up in terms of available nitrogen, phosphorus, potassium (Walkley et al.
1934) and organic carbon (Chaturvedi and Jha 1998) was measured from each treatment after the completion of two cycles of intercropping following
standard procedures. The increase or decrease percent of soil nutrient was calculated pertaining to the initial status of the soil nutrient.
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Economics of the system were calculated on prevailing prices of inputs and outputs. The data collected during both the years of experimentation were
analysed following the method of analysis as described by (Gomez and Gomez 1984).

For economic evaluation of the system, prevailing market prices were used. The data gathered in each observation were statistically analyzed using SPSS
version 20 software. The critical differences were calculated to assess the significance of the treatments.

Results
Growth parameters of Lamboo (Dysoxylum binectariferum)

Different growth characters of Lamboo viz. height, diameter at breast height (DBH) and volume yield was interpreted in (See Table 1 in Appendix). The
maximum height (5.88 m) of the Lamboo tree was recorded in T, when it was grown with Mango and Pigeon pea. This was followed by T, (5.66 m). The
lowest height was recorded in sole Lamboo i.e,, 4.42 m.

Table 1
Growth attributes of Lamboo tree grown in different AFS model and sole plantation
AFS model Height (m) DBH (cm) Volume yield

(méha~yr 1)
2017 2018 2017 2018 2017 2018
T,: Lamboo + Mango + Pigeon pea 5.88 6.09 4.07 4.86 0.028 0.040

T,: Lamboo + Mango + Black gram — Mustard 566 6.02 387 445 0.024 0.033

Tg: Lamboo + Mango + Bottle gourd - Mustard 544 593 370 4.33 0.021 0.032

T,4: Lamboo + Mango + Okra — Mustard 543 583 363 415 0.020 0.029
Ts: Lamboo + Mango + Maize —Mustard 529 555 347 392 0.018 0.024
Te: Lamboo + Mango 475 539 334 347 0.015 0.018
T,: Sole Lamboo 442 498 327 336 0.013 0.016

Tg: Sole Mango - - - - - -

SEm(+) 005 014 0.04 021 0.0005 0.0033

CD(P=0.05) 016 042 0.1 0.64 0.001 0.010

The results revealed that DBH was also found highest in T;. The lowest DBH (3.27 cm) being recorded in sole Lamboo. Experimental results shows that all the
growth attributing characters of Lamboo were increased gradually with the increasing age of the plant. The results revealed that the growth attributing
characters were higher in Mango based Agro-production models as compared to sole crop, thus exhibiting a positive effect of mango- based intercropping on
tree growth. The results were corroborated with the findings of Murmu et al. (2017). All the Mango-based agro forestry systems were found to be significantly
different from each other and were found to be significantly different from the sole crop.

Volume Yield

The volume yield of Lamboo was significantly higher under different intercropping based agroforestry system. The maximum volume yield (0.028 m3ha™Tyr™’
y g y hig pping g ry sy y y

and 0.040 m3ha™'yr™ T in 2017 and 2018, respectively) was founded under T, based agro forestry system, followed by T,. The lowest volume yield was
recorded in sole crop as 0.013 m3ha™"yr"'and 0.016m3ha-"yr-! in 2017 and 2018. The volume yield was found to be higher in mango based agro forestry
systems than the sole crop and were significantly different.Under rainfed situation, fruit tree based framing system resulted in reduced risk. (Basanda et al.
2017) observed that intercropping of rainfed legume crops in ber orchard at rainfed plateau conditions of eastern India gave 3 times higher yield as compared
to sole crops (See Table 1 in Appendix).

Growth attributes of Mango

Table 2 represents the growth attributes of Mango under different agroforestry systems. The height of mango was recorded to be highest in (6.31 m), T,
(Lamboo + Mango + Pigeon pea). The lowest height was recorded in sole Mango i.e., 4.27 m and 5.73 m. The same trend was inferred in case of stem girth
and crown diameter of Mango. These results were well supported by findings of (Kaur et al. 2017) and (Das et al. 2014), which gave the inference of
significant increase in production and productivity of mango in intercropping as compared to sole plantation. Attempts have been made to intercrop mango
orchards with tree species.
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Table 2
Growth attributes of Mango tree grown in different AFS model and sole plantation

AFS model Height (m) Stem girth (cm) crown diameter (cm)
2017 2018 2017 2018 2017 2018

T,:Lamboo + Mango + Pigeon pea 6.31 7.04 67.15 78.74 5.55 6.56
T,:Lamboo + Mango + Black gram — Mustard 6.16 6.87 65.03 75.42 5.42 6.36
T4:Lamboo + Mango + Bottle gourd — Mustard ~ 5.96 6.46 63.69 72.44 5.09 6.19
T,:Lamboo + Mango + Okra — Mustard 522 5.95 57.15 65.49 4.51 5.35
Ts:Lamboo + Mango + Maize —Mustard 5.56 6.20 59.61 68.10 4.85 5.90
Te:Lamboo + Mango 4.96 5.73 54.40 62.97 4.40 5.21

T-:Sole Lamboo - - - - - -

Tg:Sole Mango 4.27 5.06 53.38 61.66 4.24 4.93
SEm(#) 0.0400 0.0525 0.4408 0.6359 0.0649 0.0387
CD(P=0.05) 0.123 0.162 1.358 1.959 0.200 0.119

Soil nutrients status after two cycles of cropping

The soil nutrient analysis was carried out by measuring the initial nutrient status and after completion of the experiment i.e., after two years (See Table 3 in
Appendix). After completion of two cycles of cropping, the results revealed that increase in percentage of N, P and K was found to higher in T, (Lamboo +
Mango + Pigeon pea) i.e., N-39.21%, P-38.20% and K-19.66%), followed by T, (Lamboo + Mango + Black gram — Mustard) i.e., N-37.01%, P-37.89% and K-
17.78%). The higher increase in soil nutrients is attributed by intercropping with leguminous crops like Pigeon pea and Black gram.

Table 3
Effect of different AFS model on soil properties

Treatment Initial status of Final status of Increase Initial status of nutrient Final status of nutrient Increase

nutrient nutrient

(%) (%)

pH pH pH N P K N P K N P K
T, 5.5 5.7 3.64 164.1 17.8 1741 22845 246 A 39.21 38.20 19.66
T, 5.5 5.7 3.64 169.09 17.5 170.09 231.67 2413 20034 3701 3789 17.78
T3 54 5.6 3.70 167.37 17.8 177.37 227.32 2402 207.34 3582 3494 16.90
T, 5.3 5.5 3.77 162.5 19.8 1725 21823 26.32 199.32 3430 3293 15.55
Ts 5.3 5.5 3.77 173.05 15.1 183.05 22435 19.21 207.55 29.64 2722 13.38
Te 5.1 5.3 3.92 148.2 11.8 158.2 181.34 14.67 18213 2236 2432 15.13
T, 5.1 5.3 3.92 144.2 11.7  154.2 166.23 14.06 176.34 1528 20.17 14.36
Tg 5.1 5.1 0.00 140.2 11.7 150.2 158.34 13.9 165.34 1294 18.80 10.08
(T, =Lamboo + Mango + Pigeon pea; T, = Lamboo + Mango + Blackgram followed by Mustard; T; = Lamboo + Mango + Bottle gourd followed by Mustard;
T, =Lamboo + Mango + Okra followed by Mustard; T5 = Lamboo + Mango + Maize followed by Mustard; T¢ = Lamboo + Mango; T; = Sole Lamboo; Tg =
Sole Mango)

The lower increase in the nutrient status was recorded in the sole cropping i.e,, T; and Tg. The maximum increase of soil pH was observed under T; to T,
followed by under both T and T¢ as compared with Tg. The findings are in conformity with the results of Banerjee and Dhara (2010).

Carbon sequestration potential in India

The total carbon storage capacity of an agroforestry system depends on the growth and nature of the tree species, and varies from region to region Nag et al.
(2023); IPCC (2021); Koul and Panwar (2012). Estimates of the rate of carbon sequestration with biomass production under different AFS model are presented
in Table 4. Estimates of highest Carbon stock total under different AFS model from was observed under T, to T, followed by T3 T, T5 T T; and Tg.
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Table 4
Carbon sequestration of different AFS model

Treatment Carbon stock as trees and fruit trees biomass (t/ha/yr) Crop carbon stock (t/ha/yr)  SOC (t/ha) Carbon stock total (t/ha/yr)
2017 2018 2017 2018 2017 2018 2017 2018

T, 3.12 3.21 14.74 15.21 8.96 9.98 24.88 24.98

T, 3.07 3.15 14.04 14.71 8.88 8.94 24.73 24.77

T3 2.88 2.98 13.56 13.59 8.79 8.88 23.54 24.35

Ty 2.79 2.85 13.41 13.55 8.64 8.76 23.12 23.30

Ts 2.71 2.76 12.84 12.98 8.52 8.62 22.60 22.73

Te 2.67 2.70 - - 7.14 7.42 18.19 21.66

T, 0.98 1.01 - - 6.72 7.00 7.70 8.01

Tg 1.39 1.51 - - 6.54 7.63 8.11 8.37

SEm(t) 0.01 0.03 0.23 0.22 0.03 0.13 0.96 0.21

CD(P=0.05) 0.03 0.05 0.66 0.39 0.06 0.37 2.71 0.34

(T, = Lamboo + Mango + Pigeon pea; T, = Lamboo + Mango + Blackgram followed by Mustard; T; = Lamboo + Mango + Bottle gourd followed by Mustard;

;‘:, ;Iﬁ::g:; +Mango + Okra followed by Mustard; T5 = Lamboo + Mango + Maize followed by Mustard; T¢ = Lamboo + Mango; T, = Sole Lamboo; Tg =

Different AFS model have a particularly highest Carbon stock as trees and fruit trees biomass potential was observed under T,(Lamboo + Mango + Pigeon
pea) to T, (3.21 and 3.17 t/ha/yr). The maximum increase of Soil Organic Carbon (SOC) was observed under T, to T, (9.98 and 8.94 t/ha/) in different AFS
model. The lowest amount of SOC stock was present in fallow land (10.05 t /ha) in Table 4. The findings of Dhyani et al. (2016) and Basu (2014) found that
the yield attribute of tree species were higher under Agri + Silvi + Fruit + Vegetable based cultural system.

Productivity of Lamboo under different agro-forestry systems

The basal area calculated of Lamboo basing on growth attributes was recorded to be highest in treatment T, (Lamboo + Mango + Pigeon pea) followed by T,.
The lowest basal area was recorded to be of sole Lamboo, while increase in basal area was recorded to be 30.44%, which was next to (T,) Lamboo +Mango +
Okra — Mustard (Table-5).

The commercial wood mass production of Lamboo also followed the same trend with increase (%) in wood mass as 49.15%, 38.96% and 54.81% in (T;), (T5)
and (T3) respectively. The lowest increase in wood biomass was found to be in (T = Lamboo + Mango) i.e,, 20.61% (See Table 5 in Appendix). The findings of
Das et al. 2014, found that the yield attribute of silvi tree were higher under Agri + Silvi + Fruit + Vegetable based cultural system.
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Table 5
Commercial biomass production & Basal Area of Lamboo

Treatment Wood Biomass of Basal Area of

Lamboo Lamboo

(kg/m3/ha/yr) m?

2017 2018 Increase 2017 2018 Increase

(%) (%)

T, 15.46 23.07 49.15 0.009 0.015 64.95
T, 13.47 18.71 38.96 0.008 0.011 32.63
T3 11.84 18.33 54.81 0.008 0.011 36.11
T, 11.42 17.08 49.56 0.007 0.010 30.46
Ts 10.11 13.65 35.02 0.007 0.009 29.57
Te 8.41 10.15 20.61 0.006 0.007 8.40
T, 7.52 11.83 57.17 0.006 0.008 30.44
Te - - - - - -
SEm(+) 0.27 0.87 - 0.0001 0.0011 -
CD(P=0.05) 0.82 2.67 - 0.0004 0.0035 -

(T, =Lamboo + Mango + Pigeon pea; T, = Lamboo + Mango + Blackgram followed by Mustard; T; = Lamboo + Mango + Bottle gourd followed by Mustard;
T, =Lamboo + Mango + Okra followed by Mustard; T5 = Lamboo + Mango + Maize followed by Mustard; T¢ = Lamboo + Mango; T; = Sole Lamboo; Tg =
Sole Mango)

Production of Mango

The yields of mango were grown under different mango-based agroforestry system were represented in Table 6. The mango yield obtained from T, was
highest among all treatments in the consecutive years i.e, 6.42 tha™" and 9.56 t ha™ " in 2017 and 2018 respectively, followed by T, i.e, 6.19tha™ ' and 8.75 t
ha1in 2017 and 2018. Respectively, the production of mango was more when legume crops were intercropped with mango. The lowest mango yield was
obtained in Sole mango crop in consecutive years i.e., 4.24 tha™' and 6.09 t ha™" in 2017 and 2018 respectively. The mango yield and production of
intercrops increased in the year 2018 as compared to year 2017 (See Table 6 in Appendix). The increase in yield was found to be highest in (T,) 49.04%,
followed by (T,) 41.28% and (T3) 40.08%.

Table 6
Yield (t/ha) of Mango grown under different AFS model
AFS model Yield
2017 2018 Increase
(%)
T4: Lamboo + Mango + Pigeon pea 6.42 9.56 49.04

T,: Lamboo + Mango + Black gram — Mustard 6.19 875 41.28

T4: Lamboo + Mango + Bottle gourd — Mustard 595 833  40.08

T4: Lamboo + Mango + Okra — Mustard 522 735 40.83
Ts: Lamboo + Mango + Maize —Mustard 538 7.85 4588
Te: Lamboo + Mango 4.88 6.88  41.15
T5: Sole Mango 424 6.09 43.63
SEmM(%) 003 004 -
CD(P=0.05) 011 014 -

Yield of intercrops grown under different mango based agroforestry systems were slightly increased in second year (2018) as compared to first year (2017).
Yield was increased by 16.48% in pigeon pea, 10.31% in maize, 14.48% in Black gram, 14.29% in Bottle gourd and 27.52% in Okra. The increase in yield in
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second year was might be due to the addition of nutrients from crop residues from first year and micro flora activity in the rhizosphere. The results are
supported by the findings of Mondal and Dhara (2016) and Panda et al. (2018).

Productivity of mustard in different agroforestry systems

Table 7 represents the height and yield of mustard in different agroforestry models with intercrops. The height of mustard was recorded to be highest in T
(Lamboo +Mango + Bottle gourd — Mustard) in both the years i.e.,, 102.07 m and 103.79 m, respectively followed by T, and T,. The increase (%) of height of
mustard was higher in all the treatments in 2018 in comparison to 2017. The highest increase was recorded in Treatment T, i.e., 0.88%, followed by T5.

Table 7
Height and yield of mustard grown under different AFS model

AFS model Height(m) Yield(t/ha)

2017 2018 Increase 2017 2018 Increase

(%) (%)

T,: Lamboo + Mango + Pigeon pea - - - - - -
T,:Lamboo + Mango + Black gram — Mustard 96.58 98.40 1.88 0.88 094 6.82
T3:Lamboo + Mango + Bottle gourd - Mustard ~ 102.07  103.79  1.69 076 079 3.93
T,:Lamboo + Mango + Okra — Mustard 94.51 95.62 117 070 075 7.66
Ts:Lamboo + Mango + Maize —Mustard 86.44 88.07 1.89 0.58  0.67 16.09
Te: Lamboo + Mango - - - - - -
T5: Sole Lamboo - - - - - -
Tg: Sole Mango - - - - - -

The yield of mustard was recorded to be highest in (T, = Lamboo + Mango + Black gram — Mustard) in both the years i.e., 0.88 tha™'and 0.94 ha™'
respectively, followed by (T4 = Lamboo + Mango + Bottle gourd - Mustard) i.e, 0.76 tha™" and 0.79 t ha™ " respectively. The former was followed by (T, =
Lamboo + Mango + Okra —Mustard) in which yields were recorded to be 0.70 t ha™" and 0.75 t ha™ " in both the years with the lowest yield to be recorded in
(T5 = Lamboo + Mango + Maize —Mustard) i.e, 0.58 tha™" and 0.67 t ha™ . The lower mustard yield was attributed to the residual moisture in which mustard
was grown. The yield of mustard was low because it was cultivated using by residual soil moisture without irrigation (Murmu et al. 2017).

Yield of different intercrops

Theyield of intercrops in both the years was recorded and the increase in the yield of the intercrops was calculated. The increase percent in Pigeon pea was
recorded to be 1.85%, blackgram showed an increase of 10.72%, bottle gourd accounted to 6.42%, okra recorded 2.20% increase and Maize showed an
increase of 3.01% (Fig. 2). Figure 1 represents the height of intercrops in both the years of experiment. The increase in the height of the intercrops was
recorded to be highest in blackgram i.e., 10.72%, followed by bottle gourd - 6.41% and okra - 2.20%. There was a marked increase in the height of the
intercrops in the second year of the experiment.

Economic return from different Mango + Lamboo based agroforestry system models

All the mango based agro forestry systems incorporated with intercrops pigeon pea, black gram, bottle gourd, okra and maize had incurred higher economic
returns in terms of income of farmers for both the years. Lamboo + Mango + Bottle gourd — Mustard system gave the highest returns in terms of income and
yield of tree and intercrops in i.e., ¥6,26,159 per hectare in 2017 and ¥8,05,628 per hectare in 2018. The model consisting of Sole Lamboo gave the minimum
gross income of ¥1,22,538 per hectare in 2017 and ¥1,45,573 per hectare in 2018 among all models (See Table 8 in Appendix). All the treatments were
significantly different from each other when subjected to statistical analysis.
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Table 8
Economics returns obtained from different AFS model

AFS *Production Yield of Yield of Production of Return from tree Return from fruit Return from Mustard
model  of wood Mango (t/ha)  Mustard crop(%./ha/year)
(t/ha) Intercrops (%./ha/year) Crops (Mango)
(m3/ha/year) (t/ha)
(./ha/year)

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
T, 8.40 12.09 6.42 9.56 - - 1.55 1.72 2,518,53.47 362585.15 192500 286900 - -
T, 7.31 9.98 6.19 8.75 0.88 0.94 1.28 1.39 219289.78 299342.15 185800 262500 35200 37600
T3 6.43 9.85 5.95 8.33 0.76 0.79 1496 15.24 192825.72 29544483 178400 249900 30533.33 31733.33
T, 6.20 8.94 5.22 7.35 0.70 0.75 2.67 2.87 185999.76 268087.34 156500 220400 27866.66 30000
Ts 5.49 7.35 5.38 7.85 0.58 0.67 417 4.53 164620.06 220602.55 161500 235600 23200 26933.33
Te 4.57 5.61 4.88 6.88 - - - - 137011.66 168294.51 146300 206500 - -
T, 4.08 4.85 - - - - - - 122538.54 145573.03 - - - -
Tg - - 4.24 6.09 - - - - 251853.47 362585.15 127200 182700 - -

SEm(¥) 045 092 003 004 - - - ; ; ; ) ] ] )
cog_ = 014 030 011 014 - - - - ; ; ] } ) )
0.05)

(T, = Lamboo + Mango + Pigeon pea; T, = Lamboo + Mango + Blackgram followed by Mustard; T3 = Lamboo + Mango + Bottle gourd followed by Mustard; T,:
=Lamboo + Mango + Maize followed by Mustard; T = Lamboo + Mango; T = Sole Lamboo; Tg = Sole Mango)

(*Production of Wood = Volume Yield x No. of plants grown in One ha. Farm gate Price = Lamboo - (230000/m?3), Mango = ¥30/kg, Mustard = ¥40/kg, Pigeon
315/kg, Okra = ¥20/kg, Maize = 360/kg)

Discussions

The complementary effect of Mango-based agro-production accompanied with inter-cropping of Pigeon pea on growth and timber volume yield of Silvi
species was further elaborated by (Dupraz et al. 2019) and (Sharma et al. 2017), where the growth attributes of tree species was higher in the mango-based
agro forestry model than in sole cropping. The results were similar with (Dhara and Sharma 2015) which stated that growth and productivity of tree species
and fruit trees showed positive co-relation along with field crops as intercrop.

Swaminathan et al. 1999 gave the inference that mature mangoes can be successfully mixed with other similarly vigorous species such as jackfruit
(Artocarpus heterophyllus), avocado (Persea americana), breadfruit (Artocarpus altilis), coconut (Cocos nucifera), guava (Psidium guajava), or
rambutan(Nephelium lappaceum). About 11% increase in height growth of mango was registered when mango was interplanted with Leucaena leucocephala.

Dagar et al. (2014) and Dhyani (2018) reported the effect of integration of different components along with cropping for better utilization of natural resources.
Murmu et al. (2023) described that short-rotation intensive silviculture offers definite potential for the reclamation of abandoned land and is therefore one of
the technological options that should be considered for agricultural land in harmony with other types of agroforestry production. The findings of the soil
nutrient analysis were corroborated by (Swain 2014) where it was described that the increase in available nitrogen might also be due to fixation of
atmospheric nitrogen through increased enzymatic and microbial activity in the rhizosphere by the aforesaid legume crops and release of bound nutrient after
their decomposition in the soil (Swain 2014). The increase in the availability of phosphorus content in the soil by intercropping might be due to increase in the
total micro-flora population, particularly phosphorus solublizers in the rhizosphere of plant. More or less, similar findings on beneficial effect of intercropping
in increasing phosphorus availability in the soil have been reported by (Das et al. 2022) and (Das 2021).

Trees can reduce the impacts of weather extremes such as droughts or torrential rain Kumar (2020). Research has also demonstrated that the tree component
of agroforestry systems stabilize the soil against landslides and raise infiltration rates.

(Dhara 2016) advocated that Mango (cv. Amrapali / Himsagar) can be grown in New Alluvial Zone under humid climate which was established with suitable
pit filling mixtures (4.0kg FYM +recommended NPK) / pit on lands for sustainable productivity supported with soil moisture conservation measure / irrigation
for initial 2 years.

Kunhami and Santhosh Kumar (2012) explained the growth habit, spatial and temporal advantages that permits integration of mango with many other crops,
qualifying its suitability as an agroforestry species. Traditionally mango was cultivated in conjunction with other trees/crops especially at marginal and small
farming levels. At larger orchard level, mango offers wide scope for intercropping with compatible trees and arable crops. However, on the contrary heavy
shade in mature mango orchards may limit the range of crops suitable for integration with mango. Extensive field trials are yet to be taken up to evaluate the
performance of mango under diverse polyculture systems and to evolve suitable crop combinations for different agroclimatic conditions.
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Ravitchandirane and Haripriya (2011) reported that mango intercropped with aloe and periwinkle recorded the highest yield of 15.71 and 10.91 kg tree™
respectively with the supply of vermicompost @ 5 Mg ha™" + groundnut oil cake @ 500Kg ha™". All the organic manurial treatments for intercrops exerted a
positive influence on the yield of main crop.

Mango offers good scope for growing many shade tolerant medicinal crops. Like other plants, light demanding medicinal plants could be incorporated in
mango orchards early in its development stage. Mango forms excellent avenue tree due to the evergreen nature and spreading crown that casts heavy shade.
Mango based alley cropping is popular and widely followed in many parts of the world (Sharma 2016). Since mango takes several years to grow to its full
size, intercropping to utilize the interspaces is desirable. (Sarkar 2019a; Sarkar et al. 2017; Sarkar 2019b) advocated that the intercrop yields increased with
increase in tree row spacing (or alley width). The increasing yields of intercropping can be further supported by opinion of Das et al. (2014), who opined that
the dry land horticultural fruit trees like, mango, guava etc. integrated with short duration arable crops like, pulses, vegetables, groundnut etc. proved to be the
most profit oriented among different agro-production system.

A large number of intercrop under mango were tried by Tiwari and Baghel (2014) and Swain et al. (2012) where they observed good response in terms of yield
and economics without any adverse effect to main crop.

The increase in income is the complementary effect of growing the intercrops in both the seasons and alongside the returns from forest species and fruit tree
which adds on to the higher income of the farmers. The results were similar with Murmu et al. (2017). The integration of crops with components of tree and
fruit gave higher gross income than tree and fruit tree alone Basanda et al. (2017). The findings are in conformity with Singh et al. (2016a), Singh et al.,
(2016a) and Singh et al. (2018) reported the effect of integration different components along with cropping for better utilization of resources.

(Dhara 2016) conducted an experiment on different agro-forestry models and established that the modern cropping system i.e. fruit based agro-forestry
system generate higher biomass, yield more produce, provide high and steady income and create gainful on farm employment, in addition to meeting the
requirements of food, vegetables and fuel for the family. The major bottlenecks in agroforestry adoption, is a resultant of best efforts made in last few years
by educating, facilitating and creating water resources by the former.

The present results obtained do correlate with (Dhara 2016) who concluded that amongst the agroforestry systems demonstrated in the new alluvial region
mango, guava, ber and lambo (Dysoxylum binectariferum) and kadam (Anthocephalus cadamba) based, guava, ber and mango based agri-horticultural
system started fruit production after two /three years of plantation thereby giving source of addition income. He had advocated that increased area under
vegetables during winters and summers is proving a big boost for fruit based agroforestry adoption according to his experiments.

Findings of Murmu et al. (2023) have reported six prominent agroforestry systems practiced in the three distinct agroecological situations. In all the three
situations, bund planting was the most prominent agroforestry practiced by farmers, followed by horti-silviculture system and less prominent practice was
block plantation. Mango was found as dominant fruit tree species.

Other findings were also similar with the result of the present experiment enumerated as the gross return was significantly high under mango based
agroforestry system as compared with sole plantation Dhara and Sharma (2015). CAFRI (2015) and Gera and Bhojvaid (2013) also stated that intercropping
with rainfed arable crops is of immense importance for bringing in quick returns during first few years of establishment of agroforestry plantation.

Agriculture and forestry with the traditional approach trying to satisfy the demand of food, fiber, timber and other products, but there is the question of
production sustainability and ecological sustainability. Agroforestry is any land use system, practice or technology where woody perennials are integrated with
agricultural crops and or animals in the same land management unit, in some form of spatial arrangement or temporal sequence.

From the study it is distinctly clear that the efficiency of marginal and small farms was improved in agro economic productivity with the increase of number of
farming enterprises intervened in respective of farm sizes. The marginal and small farmers appeared to be the most efficient performers in the integration and
arrangement of farming enterprises. Integrated farming also improved farm environment by application of compost through its production and preservation of
kitchen waste by polythene pit method (Bhuiya et al. 2014).

Conclusion

All Mango-based agroforestry systems evaluated were found to be profitable in respect to tree yield, fruit yield, yield of arable crops and soil health
improvement compared to sole tree or sole fruit. Agroforestry system consisting of Lamboo + Mango + Bottle gourd — Mustard can be best system for the
farmers as it generated highest gross income and improvement of soil health leading towards sustainability and improvement of livelihood in rainfed and sub-
tropical region of West Bengal. The other systems viz. Lamboo + Mango + Maize followed by Mustard and Lamboo + Mango + Pigeon pea also gave higher
returns as compared to sole cropping, hence may be preferred over sole plantation.

Agroforestry systems are thus recognized to have the potential to regain some of the carbon lost to the atmosphere in the clearing of primary or secondary
forests. The rotation ages for plantations and trees in agroforestry systems play a large role in the amount of carbon they can sequester. In mixed plantations
or agroforestry systems, since rotation lengths vary within the system according to the species, a complete clearing of the plot (which would increase the
release of soil carbon) is less likely. Consideration of how the biomass from managed plots is used should also play a role in the carbon equation. The recent
trends in economic valuation of the ecosystem services of forests and trees, and the development of private capital markets to actually monetize the value of
those services to the benefit of forest landowners, point to exciting opportunities and new developments in this area. In the face of carbon markets, C storage
becomes an additional output that landowners might consider in their management decisions. This would change the dynamics of their agroforestry systems
in terms of the rotation age of trees, crop-tree mixture, and silviculture and other management practices. With the introduction of carbon payments,
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agroforestry systems that are otherwise less profitable may become more attractive or vice-a-versa. This suggests that research addressing both biophysical
and socioeconomic issues of carbon sequestration is needed.
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Figure 1

Yield of different intercrops grown under different AFS model
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Figure 2

Height of different intercrops grown under different AFS model
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