
Abstract

A field experiment on effect of different intercropping ratios on growth, yield and system productivity was conducted at 

NRCSS, Ajmer (Raj.) during rabi season of 2004-05,2005-06 and 2006-07. The experiment comprising  of   thirteen 

treatment viz.,  sole fennel, sole onion, sole garlic , sole carrot, fennel+ garlic (1:1), fennel+  garlic (1:2), fennel+  garlic 

(2:2), fennel+ carrot (1:1), fennel+ carrot (1:2),fennel+ carrot (2:2), fennel + onion(1:1), fennel+ onion (1:2) and fennel 

+ onion (2:2) was laid in  randomized block design with three replications. The yield of sole crops viz., fennel, carrot, 

onion and garlic gave the highest economic yield over that obtained with different intercropping ratio.  Fennel with  all 

inter crops in 1:1 ratio  found superior  in respect  to, growth, yield attributes and yield of fennel  over  other ratios 

under study. Fennel + carrot with all intercropping ratios proved superior over onion. Besides sole cropping, the 

economic yield of carrot, onion and garlic was recorded higher in intercropping ratio of 1:2 as compared to 1:1 and 2: 2. 

The highest equivalent yield, net return and BCR was obtained in inter cropping of fennel + carrot with 1:1 ratio 

followed by 2:2 ratio. Fennel and carrot at all the ratios resulted higher equivalent yield,  net return, BCR and LER over 

fennel intercropped by onion and garlic. Thus, it is inferred that intercropping of fennel and carrot in 1:1 ratio is better  

for realizing higher system productivity, net return and BCR.
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Introduction

India has been recognized as a land of spices and at 

present it is the world's largest producer, consumer and 

exporter of the spices. Among the seed spices fennel 

commonly known, as Saunf is major seed spice crop 

belonging to Apeaceae family. Burgeoning population all 

over the world specially in Asian countries is  putting  

pressure on existing  natural resources for   meeting the  

increasing  demand for  food fodder, shelter  and fuel 

production. The per capita availability of land is declining 

year after year. Thus, the possibility of horizontal 

expansion of agricultural enterprises is very limited. Only 

scope lies in vertical expansion of agriculture which is 

only possible  through increase in productivity of 

resources per unit area per unit time. The system 

productivity can be increased by using available area 

through vertical expansion of enterprises. The 

intercropping system is a very important avenue in this 

direction which aimed at increasing productivity per unit 

area per unit time and insurance against total crop failure 

under aberrant weather conditions (Mullick et al. 5). 

Therefore, integration of suitable vegetable crops with 

wide spaced seed spice crop is necessary. Among seed 

spices, fennel is a wide space crop best suited for 

intercropping with vegetable crops (Mehta et al. 

4).Therefore, the present investigation on performance 

of fennel based intercropping system was undertaken 

with an object to find out best intercropping ratio for 

realizing higher system productivity, net return and BCR.

Materials and methods

The field experiment on growth and yield of fennel and 

system productivity as influenced by different 

intercropping ratios was conducted at NRCSS, Ajmer 

(Raj) during three consecutive rabi season of 2004-05, 

2005-06 and 2006-07.The soil of the experimental site 

was sandy loam with a pH of 8.92 having 0.21 percent 

organic carbon and 76.0, 33.4, and 234.1 kg per ha 

available N, P O  and K O respectively. The experiment 2 5 2

comprising of  thirteen treatment viz., sole fennel, sole 

onion, sole garlic , sole carrot , fennel+ garlic (1:1), 

fennel + garlic(1:2), fennel+ garlic (2:2) fennel+ carrot 

(1:1) ,fennel+ carrot (1:2),fennel+ carrot (2:2), fennel + 

onion(1:1), fennel + onion (1:2) and fennel + onion(2:2) 

was laid in randomized block design with three 

replications.   Ajmer fennel-1 was sown using 10 kg seed  

at  row to row spacing of 60 cm in 1:1 and 1:2 inter 

cropping  ratio of fennel + carrot  or onion or garlic but in 

2:2 ratio  fennel was sown in pair of 40/80 cm. The onion 

(N-53), carrot (Pusa Kesar) and garlic ( G-41) were 
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accommodated in fixed ratio as per treatment keeping 

population of  fennel (base crop) as constant. The N and 

P was applied as per  recommendation for respective 

crops in sole crops but in  intercropping system the N 

and P was applied  in proportion to the area occupied by 

each crop.  In sole fennel, onion, garlic and carrot 90 kg 

N, 50 kg P O  and 40 kg K O per ha and in inter cropping 2 5 2

135 kg N, 75 kg  P O   and 60  kg K O per ha were  2 5 2

rd
applied . I/3  N and full dose of P and K  was applied  as 

rd
basal dose at the time of sowing  and remaining 2/3  N 

was applied in two equal split at 30 and 60 DAS .The 

standard agronomic practices were  followed  for raising 

healthy crop of fennel as well as  carrot ,onion and garlic. 

Irrigation was applied as per requirement of fennel, 

which met the demand of intercrops also. The 

observation on growth parameters and yield attributes of 

fennel and intercrops were recorded. Harvesting of 

fennel was done in stages keeping in view the maturity of 

umbels. The yield of fennel, carrot, onion and garlic was 

converted into fennel equivalent yield as per prevailing 

rates in market and treatment evaluation was done 

accordingly. Economic analysis of the different 

treatment was done for drawing conclusion 

Results and discussion

Growth parameters of fennel

The plant height and dry matter accumulation per plant 

at all the growth stages  and number of branches per 

plant  at maturity  of fennel were recorded higher  in sole 

fennel(Table1). Inter cropping  of fennel with vegetables 

crops like carrot, onion and  garlic significantly 

influenced the growth parameters of fennel and higher 

plant height and dry matter accumulation  and number of 

branches per plant of fennel were recorded  with carrot  

in 1:1, 1:2 and 2:2 ratio  over onion and garlic  in 

respective ratios. The growth parameters of fennel were 

recorded higher in 1:1 intercropping ratio with 

carrot/onion and garlic being at par with 2:2 ratio. The 

higher plant height and DMA of fennel in 1:1 ratio with  

intercrops was due to less competition  between fennel 

and intercrops as compared to other ratio. The lower 

plant height, DMA at all the growth stages and branches 

/plant with  garlic  in all intercropping ratio was low on 

account of  higher  nutrient requirement  by garlic  

resulting  in  competition  with fennel  leading  to  lower  

growth parameters in fennel. Tiwari et al. (9) reported 

depressing effect on growth and performance of fennel 

when intercropped with vegetable crop. Similarly 

Nandekar et al.(6) reported decrease in growth 

parameters of base crop with intercropping.

Yield attributes and yields of fennel  

Significantly the higher umbels /plant, umbellate /umbel, 

seeds /umbellate, diameter of umbel, seed yield per 

plant and 1000 seed weight  and economic yield of 

fennel was  obtained in sole fennel over all intercropping 

ratios (Table 2). Among different intercropping ratios of 

fennel with carrot, onion and garlic, the higher yield 

attributes and yield of fennel was recorded in 1:1 ratio 

being at par with 2:2 ratio.  Inter cropping of fennel + 

carrot with all ratio resulted higher yield and yield 

attributes of fennel over inter cropping with onion and 

garlic. In sole fennel the higher yield attributes and yield 

of fennel was obtained due to no competition for 

resources with any other crop except fennel leading to 

better absorption of nutrient and water by fennel. The 

higher yield attributes and yield in 1:1 ratio with all 

component crops was recorded due to higher growth 

parameters leading to higher translocation of 

photosynthates from source to sink as compared to 

other ratio. Tiwari et al. (7) reported  depressing effect on  

growth and performance of fennel when intercropped 

with vegetable crop. Similarly Nandekar et al. (6) 

reported decrease in yield of base crop with 

intercropping.

Yield attributes and yields of intercrops

Yield attributes and yield of intercrops viz. onion, garlic 

and carrot was recorded higher in respective sole 

intercrops as compared to intercropping with fennel. 

Further, perusal of data in Table 3 revealed that among 

different inter cropping ratios, the higher yield of  

intercrops  was exhibited  in 1:2  ratio over 1:1 and 2:2 

ratio but yield attributes of all the intercrops was recorded 

in 1:1 intercropping ratio followed by with 2:2 ratio. Inter 

cropping of fennel + carrot with all ratios resulted higher 

economic yield of carrot as compared to onion and garlic. 

The higher yield attributes and yield of  intercrops in sole 

cropping was on account of less competition for space, 

sunlight, water and nutrient with other crops resulting 

better availability of nutrient, water and space to facilitate 

growth and development of these crops independently. 

The higher yield all the intercrops crops in 1:2 ratio was 

on account of higher plant population due to 

accommodation of more number of rows  in between 

interspaces as compared to1:1 and 2:2 ratio.

System productivity

The critical examination of data in Table 4 reveals that 

significantly higher fennel equivalent yield and land 

equivalent ratio of the system was recorded in different 

intercropping system as compared to sole cropping of 

respective crops. Fennel +carrot in all intercropping ratio 
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resulted higher fennel equivalent yield as compared to 

onion and garlic over respective inter cropping ratio. 

Further analysis of data presented in Table 4 reveals that 

1:1 inter cropping ratio with all component crop proved 

superior and resulting higher fennel equivalent yield. 

The higher fennel equivalent yield in intercropping 

system was on account of additional yield of 

components crop without not much reduction in yield of 

base crop resulting in  higher fennel equivalent yield. 

The highest fennel equivalent yield in 1:1 ratio with 

carrot, onion and garlic was due to proportionately less 

reduction in yield of fennel as compared with 1:2 ratio 

along with resulting better yield of component crop 

leading to higher fennel equivalent yield. Bhati (2) 

reported higher fennel equivalent yield in intercropping 

as compared to sole crops. Similarly, 

Intercropping of fennel with carrot/ onion/ garlic in 1:1 

ratio resulted higher land equivalent ratio over 1:2 and 

2:2 ratio and all the intercropping systems exhibited 

higher land equivalent ratio over respective sole 

cropping. Significantly the highest LER (1.59) was 

exhibited in fennel and carrot in 1:1 intercropping ratio 

followed by fennel and onion in 1:1 (1.55) ratio. The 

higher LER with all intercropping system is on account of 

better spatial and temporal resource utilization resulting 

in higher combined economical yield of base and 

intercrop. Fennel intercropped with carrot resulted 

higher LER at all ratio over respective intercropping ratio 

with onion and garlic Thomas et al. (8) in a study of 

mustard and chickpea intercropping found that highest 

land equivalent ratio of 1.41 in mustard and chickpea 

intercropping over sole crops.

Economic analysis

Intercropping of fennel+ carrot in 1:1, 1:2 and 2:2 ratio 

exhibited significantly higher gross return, net return and 

BCR as compared to onion and garlic in all the three 

ratios. Intercropping of fennel +carrot or  onion or  garlic  

in 1:1 ratio  proved superior over 1:2 and 2:2 ratio The 

highest gross return, net return and BCR was recorded 

with fennel and carrot in 1:1 ratio. Yadav et al. (10) 

reported that intercropping of fenugreek with mustard 

resulted higher net return and BCR over sole cropping. 

Similarly, Khurana,and Bhatia (3) found that 

intercropping with fennel increased net returns. 

Intercropping of fennel and carrot in 1:1 ratio is better for 

realizing   higher growth yield and profit in fennel based 

intercropping system. Higher net return in chickpea 

intercropped with linseed over sole cropping was 

observed by 

Ahlawat and 

Gangaiah (1) also reported higher system productivity in 

chickpea intercropped with linseed over sole chickpea.

Ahlawat and Gangaiah (1).

Thus, it is inferred that intercropping of fennel and carrot 

in 1:1 ratio is better  for realizing higher system 

productivity, net return and BCR.
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