



FEASIBILITY OF DIFFERENT VEGETABLE CROPS AS INTERCROP IN SANDALWOOD


ABSTRACT 
Present study aimed to evaluate the influence of vegetable as intercrop on growth and yield of sandalwood using Randomized Block Design with five treatments. Different vegetable intercrops were taken as a treatment i.e., (T1) Indian bean (Rabi) + Cow pea (Summer), (T2) French bean (Winter) + Cluster bean (Summer), (T3) Turmeric, (T4) Pigeon pea and (T6) Control (Sandal wood sole) which were grown in their growing season at appropriate distance. All treatments were replicated four times. Among the different vegetable intercrops, maximum incremental stem girth (July to December and January to June), incremental plant height (July to December and January to June), total incremental stem girth, total incremental plant height, sandalwood yield, total crop equivalent yield and the highest benefit cost ratio were recorded with sandalwood as a main crop with T4 i.e. pigeon pea as a vegetable intercrop.
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1. INTRODUCTION
Santalum album L. is commonly referred to as "Chandan" or Indian Sandalwood.  The tree belongs to the Santalaceae family of semi-root parasites, native to South India. Indian sandalwood is a vulnerable species that grows in the Western Ghats and a few other mountain ranges, such as the Kalrayan and Shevaroy hills, spanning from Uttar Pradesh in the north to Kerala in the south. The majority of sandal species have been used for their fragrant heartwood, which is used in various eastern civilizations for religious, medicinal and traditional purposes (Srinivasan et al., 1992). According to Nelson et al. (2000), sandalwood is found throughout the nation (9600 km2), with more than 90% of the land in Karnataka and Tamil Nadu. The remaining portion is in Andhra Pradesh, Orissa, Madhya Pradesh and Maharashtra.
Sandalwood has diverse medicinal uses, primarily in Ayurvedic traditions, for its anti-inflammatory, antiseptic, astringent and sedative properties. It is used topically for skin conditions like acne and eczema and to reduce signs of aging, while inhalation and consumption can aid respiratory health, alleviate headaches, and promote mental calmness and better sleep (Francois-Newton et al., 2021). The highly valued aromatic heartwood of Indian sandals has higher levels of santalols (up to 90%) and oil (up to 6%) than other species. It is stated to be 1.6% to 3.6% from stem heartwood under cultivation due to the influence of tree age (Srikantaprasad et al., 2022). The tree's importance extends to its cultural and spiritual role, its use in high-value products, its medicinal properties and its potential as a long-term, profitable investment for farmers and landowners.
     	Since liberalization of rules regarding sandalwood growing in 2001 and 2002 there has been tremendous interest among farmers and stakeholders across India in farming this tree. Sandalwood’s hemiparasitic nature, which allows it to derive nutrients and water from compatible host plants, combined with its adaptability to diverse soil types and challenging environmental conditions, makes it particularly suitable for plantation and agroforestry systems. In addition, its natural resistance totoo many pests and diseases, along with its high economic value due to aromatic heartwood and oil, enhances its appeal as a sustainable and profitable crop for both small and large scale cultivation. (Viswanath and Chakraborty, 2022).
	  	 		A long-standing agricultural practice, intercropping involves growing two or more crops on the same piece of land at the same time in order to optimise the growth resources available. For sandalwood cultivation to be economically viable, it is essential to choose suitable host plants that enhance its growth while generating additional financial benefits. Choosing the right crops is essential for raising intercropping yields. Furthermore, compared to solo cropping, intercropping increases ground cover, increases soil fertility through biological nitrogen fixation with legumes, and increases lodging resistance for crops that are more vulnerable to lodging than when grown in monoculture (Kaur and Sharma, 2025). Sandalwood in general exhibitsed better growth when grown with a leguminous host. Because of their capacity to fix nitrogen, legumes have long been recognised as a soil conditioner. The main host for sandalwood plants is legumes, which can be either wood or nuts (Gomes and Adnyana, 2017). Legumes enhance soil fertility by supporting the activity of microorganisms, which play a crucial role in modifying soil biological, chemical and physical characteristics (Stagnari et al., 2017; Nanganoa et al., 2019; Vasconcelos et al., 2020).	Comment by Rashmi Ramesh Shanbhag: Due to hemi parasitic nature sandalwood always needs host plant	Comment by Rashmi Ramesh Shanbhag: exhibits
		Various vegetable intercrops are known to exert beneficial effects on the growth and development of sandalwood, primarily through improved soil fertility, nutrient cycling and microclimatic moderation. Considering these potential advantages, a study was undertaken to evaluate the feasibility and performance of different vegetable crops as intercrops with sandalwood, with the objective of to study the influence of vegetable intercrop on growth of sandalwood.
2. 	MATERIALS AND METHODS
2.1	Experiment sites
 		The present investigation was carried out at Horticulture Research Farm, Anand Agricultural University, Anand, Gujarat during the year 2021-22, 2022-23 and 2023-24. Anand is located at 22o35' North latitude and 72o56' East longitude with an altitude of about 45.1 m above the mean sea level. The climate of middle Gujarat zone is semi-arid and subtropical type. October to May is sunny months generally receiving an average of eight hours sunshine per day. Temperature during hot weather commences by end of February and ends by about middle of June. Winter sets in the middle of October and continues till the end of February. Monsoon is generally starts from second fortnight of June and retreats by middle of September with an annual rainfall of 860 mm. The soil of the experimental site was loamy sand, locally known as “Goradu”.
2.2 	Experimental design and treatments
		There was an existing healthy and uniform plantation of sandal wood of 3 year old under “Evaluation of existing plantation, establishment of agro forestry trails and capacity building to promote sandal wood (Santalum album) cultivation in Gujarat and Rajastan”, which was funded by Arid Forest Research Institute, Jodhpur (Rajasthan) in collaboration with Anand Agricultural University, Anand (Gujarat).	Comment by Rashmi Ramesh Shanbhag: the plantation might have had preexisting host what about that?
			The experiment was laid out in a Randomized Block Design (RBD) with four replications to ensure statistical accuracy and minimize field variation. Sandalwood served as the main crop, while different intercrop species and their respective varieties were planted at appropriate spacing to facilitate proper growth and reliable comparison among treatments. 
  List 1:  The treatment details are as under
	Sr. No.
	Treatments
	Variety
	Distance

	T1
	Indian bean (Rabi) + 
Cow pea (Summer)
	GP-1
AVCP 1
	90 × 60 cm
45 × 30 cm

	T2
	French bean (Winter) + 
Cluster bean (Summer)
	Local
GVG 11
	90 × 60 cm
45 × 15 cm

	T3
	Turmeric 
	Sugandham
	60 × 20 cm

	T4
	Pigeon pea 
	AVPP 1
	90 × 60 cm

	T5
	Control (Sandal wood sole)
	---
	5.0 × 5.0 m


The fertilizer schedules for the various intercrops, along with their respective seed rates and recommended sowing times, are presented below to outline the specific agronomic practices followed for each treatment.
When field was vacant green manuring with sunhemp was done. The incorporation of sunhemp biomass enhanced soil organic matter, nutrient availability and overall soil structure, thereby creating favorable conditions for subsequent crop establishment.
List 2: Treatment details encompassing crops, seed rate, sowing time and fertilizer dose
	Sr. No.
	Crops
	Seed rate (kg/ha)
	Time of
sowing
	Fertilizer dose

	T1
	Indian bean (Rabi)
	5
	Sep. 2021
	FYM 10 t/ha, 25:50:00 NPK kg/ha

	
	Cow pea (Summer)
	14
	Feb. 22
	FYM 10 t/ha, 25:50:00 NPK kg/ha

	T2
	French bean (Winter)
	6
	Sep. 2021
	FYM 10 t/ha, 25:50:00 NPK kg/ha

	
	Cluster bean (Summer)
	8
	Feb. 22
	FYM 10 t/ha, 25:50:00 NPK kg/ha

	T3
	Turmeric 
	3 t/ha
	May 21
	40-50 t/ha FYM, 100:60:60 NPK kg/ha

	T4
	Pigeon pea 
	6
	July 21
	FYM 10 t/ha, 25:50:00 NPK kg/ha



3. RESULT AND DISCUSSION
           	3.1 Growth parameters
     	  The difference in growth parameters viz., incremental stem girth (July to December and January to June), incremental plant height (July to December and January to June), total incremental stem girth and total incremental plant height of sandalwood trees significantly influenced by different vegetable intercrops (Table 1).
       	The plant growth of sandalwood in terms of incremental stem girth (3.79 cm) during July to December was found maximum with treatment T4 (intercrop with pigeon pea). Similarly, maximum incremental stem girth (2.17 cm) during January to June, incremental plant height (50.82 cm) during July to December, incremental plant height (38.04 cm) during January to June, total incremental stem girth (6.02 cm) and total incremental plant height (88.89 cm) were observed with T4 i.e. intercropping with pigeon pea. However, minimum plant growth parameters of sandalwood found with treatment control (Sandal wood sole).	Comment by Rashmi Ramesh Shanbhag: What about initial girth or pre experimental girth?

	Treatments
	Incremental stem girth (cm)
	Incremental plant height (cm)
	Total incremental stem girth (cm)
	Total incremental plant height (cm)

	
	During
July to December
	During
January to June
	During
July to December
	During
January to June
	
	

	T1: Indian bean + Cow pea
	3.50
	2.12
	47.54
	35.38
	5.62
	82.92

	T2: French bean + Cluster bean
	3.44
	2.08
	45.02
	34.13
	5.52
	79.15

	T3: Turmeric
	3.46
	1.98
	45.99
	35.17
	5.39
	81.16

	T4: Pigeon pea
	3.79
	2.17
	50.82
	38.07
	6.02
	88.89

	T5: Control
	3.28
	1.78
	43.58
	29.13
	5.07
	72.79

	S. Em.±
	0.09
	0.06
	1.48
	1.09
	0.14
	1.93

	C.D. at 5%
	0.28
	0.19
	4.25
	3.10
	0.39
	5.52

	Year
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig

	Y × T
	NS
	NS
	NS
	NS
	NS
	NS

	C. V.%
	10.44
	11.49
	11.05
	11.97
	10.02
	8.95


  Table 1: Influence of vegetable crops as intercrop on growth parameters of sandalwood (Pooled of three years)
	
Intercropping sandalwood with leguminous species, particularly pigeon pea significantly enhanceds the growth attributes of sandalwood due to several complementary physiological and ecological interactions. As a partial root parasite, sandalwood develops haustorial connections with neighboring host plants, enabling it to derive essential nutrients, water and biochemical compounds that support its early establishment and vigor. Leguminous crops such as pigeon pea are especially effective hosts because they fix atmospheric nitrogen through symbiotic rhizobia, thereby enriching the soil nitrogen pool. This biologically fixed nitrogen becomes available to sandalwood through both the rhizosphere and haustorial linkages, improving its nutrient status.
Additionally, pigeon pea contributes to better soil moisture conservation, improved soil structure and enhanced microbial activity, all of which create a more favorable microenvironment for sandalwood development. These combined effects ultimately lead to significant increases in plant height and stem girth, as observed in the present study.	Comment by Rashmi Ramesh Shanbhag: Give reffrence
The findings are consistent with earlier research, which also reported improved sandalwood growth and physiological performance when intercropped with suitable leguminous hosts (Surata et al., 1997; Divakara et al., 2018; Gomes & Adnyana, 2017; Mohapatra & Anil, 2022; Nakandalage et al., 2021; Das & Jagatpati, 2017; Rot et al., 2022; Sahoo & Patil, 2020; Subbarao et al., 1990; Rocha et al., 2014; Annapurna et al., 2004; Sharma, 2025; Deepa & Yusuf, 2016).
3.2 Yield and Economics
       	In pooled data, yield parameters of sandalwood were significantly influenced due to different vegetable intercrops (Table 2). Maximum sandalwood yield (0.20 t/ha) and total crop equivalent yield (2.98 t/ha) were recorded with treatment T4 i. e. pigeon pea vegetable intercrop. While, minimum yield parameters of sandalwood found with treatment control (Sandal wood sole).	Comment by Rashmi Ramesh Shanbhag: In sandalwood plantations sandalwood is the main crop and the yield from sandalwood should be determining factor which could be done after further ten years
This enhancement in sandalwood growth under pigeon pea intercropping may be attributed to the ability of pigeon pea to improve the physiological and nutritional status of sandalwood. As a nitrogen-fixing legume, pigeon pea enriches the soil with biologically available nitrogen and supports a more active rhizosphere, thereby improving the nutrient uptake efficiency of sandalwood. Through haustorial associations, sandalwood can access these nutrients directly, which contributes to increasees in plant height, stem girth and overall vigor. Improved nutrient availability promotes greater chlorophyll synthesis and enhances photosynthetic efficiency, resulting in higher biomass accumulation. Consequently, the overall productivity including sandalwood yield and total crop equivalent yield is elevated under the pigeon pea–sandalwood intercropping system.
These observations align closely with the findings of Divakara et al. (2018), who also reported significant improvements in sandalwood growth and productivity when grown in association with compatible leguminous host species.
Table 2: Influence of vegetable crops as intercrop on yield parameters of sandalwood (Pooled of   three years)
	Treatments
	Sandalwood yield (t/ha)
	Total crop equivalent yield (t/ha)

	T1: Indian bean + Cow pea
	0.17
	4.04

	T2: French bean + Cluster bean
	0.15
	3.92

	T3: Turmeric
	0.15
	2.88

	T4: Pigeon pea
	0.20
	2.98

	T5: Control
	0.12
	0.12

	S. Em.±
	0.008
	0.09

	C.D. at 5%
	0.024
	0.29

	Year
	Sig
	Sig

	Y × T
	NS
	Sig

	C. V.%
	23.92
	6.33


Economics
          	The economics of different treatments depicted in Table 3 shows that the maximum net return of Rs. 1,42,257 was obtained in treatment T1 (Indian bean + Cow pea) followed by treatment T2 (French bean + Cluster bean) i.e. Rs. 1,34,126. This indicates that the inclusion of dual leguminous crops in the system significantly enhances overall productivity and economic gains, likely due to their nitrogen-fixing ability and higher market value. Whereas, the minimum net return (Rs. 11, 177) was recorded with the treatment T3 (Turmeric). Looking to the benefit cost ratio (2.09), it was found the highest in treatment T4 i.e. intercropping with pigeon pea. 	Comment by Rashmi Ramesh Shanbhag: Return in the form of what? Here economic returns are influenced more by intercrop profitability than sandalwood growth alone	Comment by Rashmi Ramesh Shanbhag: 	Comment by Rashmi Ramesh Shanbhag: Can improve this sentence something like highest benefit-cost ratio (2.09) was observed in treatment T4, i.e., intercropping with pigeon pea

Table 3: Economics of various treatments
	Treatment
	Equivalent Yield (t/ha)
	Total cost
(Rs/ha)
	Gross realization (Rs/ha)
	Net Realization
(Rs/ha)
	B:C Ratio

	T1: Indian bean + Cow pea
	4.04
	181092
	323348
	142257
	1.79

	T2: French bean + Cluster bean
	3.92
	179809
	313935
	134126
	1.75

	T3: Turmeric
	2.88
	219056
	230233
	11176
	1.05

	T4: Pigeon pea
	2.98
	114038
	238598
	124560
	2.09

	T5: Control
	0.12
	37419
	9654
	-27765
	0.26



4. CONCLUSION
    	 From the three years of study, it can be concluded that white sandalwood plantation are recommended to take pigeon pea as vegetable intercrop at 90 × 60 cm distance (both sides of sandalwood trunk leaving 0.5 m distance) for better growth of sandalwood as well as to get higher income with low cost. 	Comment by Rashmi Ramesh Shanbhag: White sandalwood may not be correct term	Comment by Rashmi Ramesh Shanbhag: is
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