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ABSTRACT

To identify suitable flower crops as intercrop in aonla and sapota based cropping systems, four flower crops
viz., marigold (var. Arka Bangara 2), China aster (var. Arka Kamini), chrysanthemum (var. Marigold) and
gomphrena (var. AGS 5) were evaluated in interspaces of 12 years old aonla and sapota orchard planted at 6.5
m × 6.5 m and 7.5 m × 7.5 m, respectively, during two seasons of 2022-23 in randomized complete block
design with 6 replications. Vegetative parameters like plant height, plant spread and number of branches per
plant were recorded highest in gomphrena. In aonla orchard, the mean yield (t/ha) 30.67, 21.81, 13.05 and
17.77, respectively was recorded in marigold, China aster, chrysanthemum and gompgrena. The mean highest
B:C ratio was obtained in chrysanthemum (1.77) with net returns of Rs. 340582.88 ha-1 followed by China
aster (1.53), marigold (1.39) and gomphrena (1.36), whereas, lowest was recorded in aonla (1.15). In sapota,
mean yield (t/ha) 12.21, 18.69, 6.53 and 14.30, respectively, was recorded in marigold, China aster,
chrysanthemum and gomphrena. The mean B:C ratio was recorded highest in chrysanthemum (1.14) with net
returns of Rs. 224532.99 ha-1 followed by China aster (0.94), gomphrena (0.90) and sapota (0.67) while, B:C
ratio lowest was recorded in marigold (0.47). The study indicated the suitability and probability of
chrysanthemum, China aster, marigold and gomphrena in aonla and sapota orchard, as inter crop.
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INTRODUCTION

Establishment of more sustainable cropping system is
necessary for maximum utilization of natural resources
and to get high yield per unit area. Water, nutrients
and sunshine are used more effectively when more than
two crops are planted together that have various root
systems, patterns for water and nutrient demands and
above-ground habits. Aonla and sapota are generally
planted at a wider spacing, utilizing only 30-40% of
land area, offers greater scope for intercropping and
provides insurance against complete crop loss due to
unfavourable weather or a pest epidemic is the most
important purpose. Because soil layers are used to
absorb nutrients, intercrops maintain soil fertility and
soil erosion can be avoided by using the interspace
between the two primary crops. The expense of
cultivation and the load on farmers are decreased by
better weed, insect, and disease management provided
by intercropping crops (Willey, 1979).

Selection of intercrop is made on the basis of duration
of crop and growth pattern. The short duration crop
for example flower crops gets harvested by the time
long duration crop comes to bearing stage. The plant
residues from the perennial plants are used as
mulching material to the flower crops. Moreover, there
is less competition when two crops that differ in height,
canopy, adaptability, and growth patterns grow
together. Planting flower strips might encourage
farmers to diversify their farming practices and
promote biological strategy conservation. However, to
study the suitability of flower crops in fruit orchard,
the experiment was conducted to identify the suitable
flower crops as an intercrop in aonla and sapota
orchard.

MATERIAL AND METHODS

The study was conducted over two consecutive
seasons of 2022-23 at the Regional Horticulture
Research and Extension Centre, Bengaluru,
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Karnataka, India (12° 58I North latitude and 77° 35I

East longitude at 930 m amsl). The experimental site
featured twelve-year-old fruit trees. The Aonla orchard
was established at a spacing of 6.5 m × 6.5 m,
utilizing a block of 15 trees for the intercropping study.
Similarly, the sapota orchard was spaced at 7.5 m ×
7.5 m, covering an area of 13 trees. The direction of
planting in aonla plot was N-S and in sapota it was
E-W direction. The soil of the experimental site was
acidic in nature i.e. in aonla the pH was 4.26, whereas,
in sapota it was 4.71 with medium availability of
N 236.5 kg ha-1, P

2
O

5 
of 38.25 kg ha-1 and high

availability of K
2
O 332.10 kg ha-1. Four flower crops

viz., marigold (var. Arka Bangara 2), China aster (var.
Kamini), chrysanthemum (var. Marigold) and
gomphrena (var. AGS 5) were grown in interspaces
of aonla and sapota orchard in in randomized complete
block design with 5 treatments and 6 replications.
Flower crops were grown in raised beds with spacing
of 65 cm × 45 cm (marigold), 30 cm × 30 cm) (China
aster), 65 cm × 45 cm (chrysanthemum) and 45 cm ×
30 cm (gomphrena). Flower crops were grown as
intercrop; first season planting was taken during
October and second season during April. The cultural
operation for different flower crops was carried in
aonla and sapota. At the time of intercrop planting,
aonla was in the fruiting stage and sapota was in the

vegetative phase. Conversely, during flower harvest,
aonla had transitioned to the vegetative stage, while,
sapota was in its fruiting stage. As both aonla and
sapota have wider canopy, the light intensity was
recorded to know the effect of light on growth and
yield of flower crops (Table 1).

The observations on yield of different flower crops
were recorded. The economics of the aonla and sapota
flower-based intercropping was worked out by
considering the prevailing market prices for different
inputs and produces. Data on various parameters like
vegetative parameters i.e. plant height and plant
spread, days taken for flowering and flower diameter,
and yield were recorded over the course of two seasons
was tabulated, pooled and statistically analysed
using a randomized complete block design. At
0.05 probability, the “f” test and critical difference
were read (Sunderaraju et al., 1972).

RESULTS AND DISCUSSION

Among the treatments, significantly highest flower
yield per plant was recorded in aonla + marigold
(827.83, 831.13 and 829.48 g plant-1 in first, second
season and in pooled mean, respectively), followed by
aonla + chrysanthemum (267.45 g plant-1 in 2022,
438.77 g plant-1 in 2023 and 353.11 g plant-1 in pooled
mean), while, lowest flower yield of 186.90 g plant-1

Table 1 : Light interception (%) in aonla and sapota orchard

Experimental period Aonla Sapota

2022 2023 2022 2023

30 DAT 73.47 80.14 59.50 75.90

60 DAT 71.50 92.68 55.40 59.30

90 DAT 74.10 81.75 54.80 67.70

120 DAT 75.20 76.59 61.90 58.90

Mean 73.57 82.79 57.90 65.45

Treatment Yield (g/plant) Yield (t/ha)

2022 2023 Pooled mean 2022 2023 Pooled mean

T
1
: Aonla + marigold 827.83 831.13 829.48 30.62 30.72 30.67

T
2
: Aonla + China aster 186.9 203.73 195.32 20.98 22.63 21.81

T
3
: Aonla + chrysanthemum 267.45 438.77 353.11 9.86 16.24 13.05

T
4
: Aonla + gomphrena 265.65 214.68 240.17 19.67 15.87 17.77

S.E.m± 28.66 15.37 20.47 1.11 0.7 0.82

CD at 5% 86.39 46.34 61.69 3.34 2.1 2.48

Table 2 : Yield of different flower crops in aonla based intercropping
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was recorded in aonla + China aster in first season,
203.73 g plant-1 in second season and 195.32 g
plant-1 in pooled mean (Table 2).

In sapota, among the treatments, significantly highest
flower yield per plant was recorded in sapota +
marigold (476.47 g/plant and 329.50 g/plant in second
season and in pooled mean), while, sapota +
chrysanthemum (213.69 g/plant) in first year and it
was followed by sapota + chrysanthemum (200.93
g/plant in 2023 and 195.92 g/plant in pooled mean)
and sapota + marigold (182.53 g/plant) in 2022, while,

lowest flower yield (186.90 g per plant) was recorded
in sapota + China aster (155.73 g/plant) in
first season, 178.3 g/plant in second season and
168.54 g/plant in pooled mean (Table 3).

In aonla based intercropping, aonla + marigold
recorded highest flower yield per hectare (30.62, 30.72
and 30.67 t ha-1) for first, second season and in pooled
mean, respectively), which was followed by aonla +
China aster (20.98, 22.63 and 21.81 t ha-1 in 2022,
2023 and in pooled mean, respectively), whereas,
aonla + chrysanthemum registered lowest flower yield

Table 3 : Yield parameters of different flower crops in sapota based intercropping

Treatment Yield (g/plant) Yield (t/ha)

2022 2023 Pooled mean 2022 2023 Pooled mean

T
1
: Sapota + marigold 182.53 476.47 329.5 6.8 17.62 12.21

T
2
: Sapota + China aster 155.73 178.13 168.54 18.17 19.22 18.69

T
3
: Sapota + chrysanthemum 213.6 200.93 207.26 5.66 7.38 6.53

T
4
: Sapota + gomphrena 162.93 178.23 170.58 15.42 13.19 14.3

S.E.m± 4.42 7.49 4.5 0.32 0.29 0.23

CD at 5% 13.32 22.57 13.56 0.96 0.87 0.69

Table 4 : Yield parameters of aonla in intercropping system with flower crops

Treatment Yield/plant (kg) Yield (t/ha)

Initial Final Initial Final

T
1
: Aonla + marigold 19.30 19.12 2.36 2.46

T
2
: Aonla + China aster 25.22 26.30 2.88 2.13

T
3
: Aonla + chrysanthemum 25.16 24.73 2.39 2.50

T
4
: Aonla + gomphrena 22.94 24.87 2.18 2.03

T
5
: Aonla 30.32 31.43 2.88 2.91

S.E.m± 3.80 3.51 0.39 0.35

CD at 5% NS NS NS NS

Treatment Yield/plant (kg) Yield (t/ha)

Initial Final Initial Final

T
1
: Sapota + marigold 37.26 37.77 3.63 3.52

T
2
: Sapota + China aster 52.52 53.07 3.82 3.54

T
3
: Sapota + chrysanthemum 62.38 62.97 4.38 4.51

T
4
: Sapota + gomphrena 67.08 62.90 3.74 4.85

T
5
: Sapota 57.50 57.98 4.34 4.04

S.E.m± 9.80 8.27 4.06 0.58

CD at 5% NS NS NS NS

Table 5 : Yield parameters of sapota in intercropping system with flower crops



Treatment Cost of cultivation (Rs./ha) Gross returns (Rs./ha) Net income (Rs./ha) B: C ratio

2022 2023 Mean 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean

T
1
: Sapota + 179348.32 182560.25 180954.28 230830.40 304770.78 267800.59 51482.08 122210.50 86846.25 0.28 0.66 0.47

marigold

T
2
: Sapota + 189313.65 196238.80 192776.22 326161.80 423763.70 374962.75 136848.15 227524.90 182186.52 0.74 1.15 0.94

China aster

T
3
: Sapota + 192080.32 198364.08 195222.2 401100.38 438410.02 419755.20 209020.06 240045.93 224532.995 1.08 1.21 1.14

chrysanthemum

T
4
: Sapota + 163250.85 160486.32 161868.58 289630.50 328135.65 308883.07 126379.67 167649.63 147014.65 0.77 1.04 0.90

gomphrena

T
5
: Sapota 125326.48 125050.67 125188.56 217000.00 202000.00 209500.00 91673.52 76959.33 84316.41 0.73 0.61 0.67

Table 7 : Benefit cost ratio of different flower crops intercropped with sapota based intercropping

Table 6 : Benefit cost ratio of different flower crops intercropped with aonla based intercropping

Treatment Cost of cultivation (Rs./ha) Gross returns (Rs./ha) Net income (Rs./ha) B: C ratio

2022 2023 Mean 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean

T
1
: Aonla + 178760.90 180560.25 179660.57 389729.30 470621.18 430175.24 209169.05 290060.93 24614.99 1.18 1.60 1.39

marigold

T
2
: Aonla + 185161.80 191238.80 376400.60 457404.80 506621.32 482013.60 272243.00 315382.52 293812.75 1.42 1.64 1.53

China aster

T
3
: Aonla + 192080.38 198364.08 195222.23 455851.13 605759.10 530805.11 273770.75 407395.02 340582.88 1.50 2.05 1.77

chrysanthemum

T
4
: Aonla + 163250.85 160486.32 161868.585 408890.25 376149.44 392519.84 245639.40 215663.12 230651.26 1.40 1.34 1.37

gomphrena

T
5
: Aonla 124634.00 125482.64 250116.64 258000.00 281000.00 269500.00 135439.75 155517.36 145478.55 1.07 1.23 1.15

per hectare (9.86 t ha-1) for I season and (13.05 t ha-1)
in pooled mean while aonla + gomphrena showed
lowest yield in 2023 (15.87 t ha-1).

The sapota + China aster recorded highest flower yield
per hectare (18.17 t/ha, 19.22 t/ha and 18.69 t/ha for
first, second season and in pooled mean, respectively)
followed by sapota + gomphrena (15.42 t/ha,
13.19 t/ha and 14.30 t/ha in 2022, 2023 and in pooled
mean respectively). The sapota + chrysanthemum
system registered lowest flower yield per hectare
(5.66 t/ ha) in I season, (7.38 t/ha) in II season and
(6.53 t/ha) in pooled mean.

Yield per plant and yield per hectare varied among the
treatments significantly, the highest yield was obtained
in marigold. The variation among the treatment is
because of genetic variations between different species.
When compared to solely growing coconut or aromatic
and medicinal plants, intercropping systems better
utilize natural resources, yielding more productivity
per unit area (Basavaraju et al., 2011). But, yield per
hectare was more in China aster because the plant
population was more. Basavaraju et al. (2018);
Marimuthu et al. (2001) and Singh et al. (2002) also
reported similar results. Data presented in Table 4 &
5 showed that the intercropping of flower crops didn’t
show any impact on yield of aonla and sapota.

In aonla based intercropping (Table 6), among all the
treatments, the highest gross returns have obtained in
aonla + China aster (Rs. 457404.80 ha-1) and highest
net returns in aonla + chrysanthemum (Rs. 272243.00
ha-1) in 2022. During 2023, the highest gross and net
returns was obtained in aonla + chrysanthemum
(Rs. 605759.10 ha -1 and Rs. 407395.02 ha -1,
respectively). During 2022, the B:C ratio was highest
in aonla + chrysanthemum (1.50) followed by aonla
+ China aster (1.42), however, lowest B:C ratio was
obtained in aonla (1.07). In 2023, the B:C ratio was
highest in aonla + chrysanthemum in 2023 (2.05)
followed by aonla + China aster (1.64), whereas,
lowest B:C ratio was obtained in aonla (1.23).

In sapota based intercropping (Table 7), among
different flower crops sapota + chrysanthemum
obtained the highest gross and net returns
(Rs. 401100.38 ha -1 and Rs. 209020.06 ha -1,
respectively) in 2022 and (Rs. 438410.02 ha-1 and
Rs. 240045.93 ha-1 respectively) in 2023. The lowest
gross and net returns were observed in sapota
(Rs. 217000.00 ha-1 and Rs. 91673.52 ha-1). The
highest B:C ratio was noticed highest in sapota +
chrysanthemum in first season (1.08) and second
season (1.21) followed by sapota + China aster (0.74)
in 2022 and (1.15) in 2023. The lowest B:C ratio was
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recorded in sapota + marigold in I season (0.28) and
sapota in II season (0.61).

The price of produce and their quality play a very
major role in determining the gross returns. While, net
returns depend on the gross returns and cost of
cultivation. Hence, high yielding crop and/or costlier
produce fetch higher gross returns, while, the one with
less cost of cultivation and higher gross returns gives
higher net returns. The highest gross returns and net
returns was obtained in chrysanthemum both in aonla
and sapota based intercropping because the
chrysanthemum has more price in the market
(Rs. 140/kg), the net returns are high. While, the B:C
ratio is highest in Chrysanthemum due high market
price of chrysanthemum. The similar findings on
intercropping flower crops in coconut gardens in
various regions of the country have cited marigold as
appropriate for Tamil Nadu, gomphrena and
chrysanthemum for Assam, gladiolus (Anon., 2016).
Similar results of increased economic income in the
intercropping systems of coconut with field crops
(Shanthamallaiah et al., 1982; Hanumanthappa et al.,
1996), vegetables (Basavaraju et al., 2008) and
medicinal & aromatic plants (Maheswarappa, 1997;
Basavaraju et al., 2011; Maheswarappa et al., 2013)
were also reported.

CONCLUSION

Growing chrysanthemum as intercrop in aonla and
sapota based intercropping is beneficial in terms of
yield followed by China aster compared to other flower
crops without affecting the growth and yield of fruit
crops. Thus, the present study indicates the suitability
of chrysanthemum, China aster, marigold and
gomphrena in aonla and sapota based intercropping.
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