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A field study was undertaken during the winter season of 2024-2025 at CRC-3, Turari,
Department of Horticulture, ITM University, Gwalior (M.P.), to assess the influence of
intercropping and arbuscular mycorrhizal fungi on the performance of cauliflower. The
experiment was laid out in a Randomized Block Design with three replications, comprising
eleven treatments: Ti—cauliflower as sole crop without AMF; T>—cauliflower as sole crop
with AMF; Ts—cauliflower (without AMF) + coriander; T+—cauliflower (with AMF) +
coriander; Ts—cauliflower (without AMF) + fenugreek; Ts—cauliflower (with AMF) +
fenugreek; Tr—cauliflower (without AMF) + carrot; Ts—cauliflower (with AMF) + carrot;
To—coriander as sole crop; Tio—fenugreek as sole crop; and Tii—carrot as sole crop. The
results revealed that intercropping systems significantly influenced the growth and yield of
cauliflower, and these effects were further enhanced by the application of arbuscular
mycorrhizal fungi at the time of transplanting. Application of AMF at 10 kg ha™* significantly
improved growth and yield attributes of cauliflower. Among the treatments, Ts (cauliflower +
fenugreek with AMF) recorded the highest gross curd weight, net curd weight, yield per plot,
and yield per hectare. This treatment also exhibited the highest values of phosphorus
solubilizing bacteria population, land equivalent ratio (LER), and monetary advantage index
(MAI), indicating the biological and economic superiority of the system.

1. Introduction

With the rise in global food demand, more stringent
environmental protection regulations and sustainability measures
are proposed to curtail agricultural expansion and deforestation
[1]. Enhancing agricultural sustainability is a crucial goal for
entire food and feed production and transformation chains.
Intercropping two or more crop species on the same area of land
at the same time has long been thought to improve crop production
stability [2]. One of the most attractive strategies is to increase
productivity per unit area of available land or expanding the area
of land under production, which seems shrinking day by day. It
becomes imperative to develop vegetable-based cropping systems
that make efficient use of both natural and artificial resources to
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feed the ever-growing population. Therefore, the intercropping
has been considered advantageous in terms of economy of space,
through more effective use of water, nutrients and solar energy
which can significantly enhance crop productivity as compared to
the growth of sole crops. The intercropping refers to growing two
or more crops simultaneously on the same piece of land with a
definite row-planting pattern to obtain higher productivity per unit
area. Several factors can affect intercropping viz. plant density,
sowing time, harvesting time, maturity period, selection of the
crop and the region’s socio-economic conditions. In
intercropping, the land equivalent ratio (LER) is used to measure
the productivity of land.

The species selected for intercropping must not skeptically
impact the primary crop's growth, must not compete with it, and
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should offer benefits that enhance the primary crop's cultivation
and yield greater income per unit area compared to monoculture.
Cauliflower is a popular and widely commonly -cultivated
vegetable in India and a great source of vitamins, minerals,
phytochemicals and carbs. The carrot and cauliflower
intercropping markedly diminished the incidence of forked carrots
and enhanced cauliflower yield [3]. Carrots' erect foliage allows
better daylight penetration for cauliflower while the awning of
abolish helps weeds around carrots. Intercropping Cauliflower
(Brassica oleracea var. botrytis) with coriander (Coriandrum
sativum) is a sustainable agricultural practice that enhances
resource use efficiency, improves yields, and helps with pest
management. The complementary nature of these crops lies in
their differing nutrient and space requirements. Cauliflower, a
nutrient-demanding crop, especially benefits from the pest-
repelling properties of coriander. The strong scent of coriander
can deter common cauliflower pests like aphids and caterpillars,
thus reducing pesticide assurance [4]. Fenugreek (7rigonella
foenum-graecum L) family Leguminosae an annual herb is well
known as flavor, curry powder, and spice [5]. The crop is
autogenous flowers occasionally attracted to insects [6].
Arbuscular mycorrhizal fungi start a symbiotic union with roots
of 80% land crops. In AMF, plants coexist symbiotically with
glomeromycotan fungi, which were primarily created to enhance
plant uptake of water and nutrients. Apart from the function of
arbuscular mycorrhizal fungi (AMF), intercropping provides a
sustainable way to increase total yield and minimise the risk of
crop failure [7]. One of the most prevalent genera of AM fungus
is Glomus. AM fungus generates (lipochitooligosaccharides),
which are symbiotic signals, to promote improved branching and
root growth. Kinases sense the calcium spike that is caused by the
chitooligo saccharides. The fungal infection is thus
accommodated within the cells, and the plant cells' arbuscules are
consuming nutrients. One of the first symbiotic interactions on
Earth was mycorrhizal symbiosis. By providing a suitable supply
of minerals, it aids in the growth and development of the plant,
and in exchange, the fungi feed on the roots of the plant. In
addition to increasing plant yield, AM fungi also improve the
plants' ability to withstand stress [8,9].

A thorough understanding of these processes is necessary for
successful ecosystem conservation and management. These fungi
are also known to offer important advantages to the plants they
associate with, including enhanced nutrient and water uptake,
increased resistance to disease and nutrient mobilisation from
organic substrates [10]. These interactions can result in significant
changes in the composition, structure, and functioning of plant
communities [3]. In light of this, the current study was designed
to determine the best crop combination for an intercropping
system based on cauliflower, to analyse land use efficiency and
monetary advantage indices under intercrop and cauliflower
combinations, and to determine how AMF inoculation affects
cauliflower yield and quality.

2. Materials and Methods

The Field experiment was regulated at crop Research Centre
(CRC-3), School of Agriculture Department of Horticulture, [ITM
University in Gwalior, (M.P.). During 2024-25 from the first week
of November to February under agro-climatic and soil conditions.
It is geographically located in the Grid region of India 26°21, N
altitude and 78 © 20, E longitudes and an altitude of 211.5 m above
sea level. The meteorological data regarding the temperature
relative humidity and rainfall was recorded during the cropping
season from the meteorological observatory, School of
Agriculture ITM University Gwalior presented in Fig. 1.
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Fig. 1. Meteorological data during the cropping season

The experiment comprised eleven treatments (Table 1):
cauliflower sole crop without AMF (T1) and with AMF (T2);
cauliflower intercropped with coriander without AMF (T3) and
with AMF (T4); cauliflower intercropped with fenugreek without
AMF (T5) and with AMF (T6); cauliflower intercropped with
carrot without AMF (T7) and with AMF (T8); and sole crops of
coriander (T9), fenugreek (T10), and carrot (T11).

Table 1. Treatment details

Ti : Cauliflower as sole crop (Without AMF)
T : Cauliflower as sole crop (With AMF)

T3 : Cauliflower (Without AMF) + Coriander
Ts : Cauliflower (With AMF) + Coriander

Ts : Cauliflower (Without AMF) +Fenugreek
Te : Cauliflower (With AMF) +Fenugreek

T7; : Cauliflower (Without AMF) +Carrot

Ts : Cauliflower (With AMF) + Carrot

To : Coriander as sole crop

Tio : Fenugreek as sole crop

T : Carrot as sole crop

Main crop cauliflower was transplanted at a spacing of 60 x
60 cm and sowing of intercrops (Table 2) was done in between the
rows at a plant spacing of 20 cm. AMF was applied with
cauliflower at the time of transplanting. AMF at the rate of 10 kg
ha! (NIPHM, 2015) was mixed with powdered organic manure
and applied along the line of sowing of cauliflower.

Table 2. Experimental Details

Cropping | q
Pattern Crop ! Variety : Source
. . (Pusa IARI,
Main crop Cauliflower Himjoyti) NewDelhi
Coriander (Arka Isha) 1R,
~ Bengaluru
(Pusa Early TARI,
Intercrop VORI o g ~ NewDelhi
Carrot (Pusa e
Prateek) NewDelhi

Statistical analysis

The data recorded will be analyzed using MS-Excel and
OPSTAT as per the design of experiment. The data recorded on
different parameters will be statistically analyzed by using
randomized block design (RBD) given by Gomez and Gomez
(1984).
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3. Results and Discussion

3.1 Cauliflower as sole crop and in intercropping

The data collected on various aspects of plant growth of cauli-
flower as sole crop and in intercropping presented in Table 3—4.

The minimum number of days to marketable curd maturity,
indicating crop earliness, was recorded in Ts [cauliflower (without
AMF) + fenugreek] with 67.40 days, whereas the maximum
duration to maturity was observed in the sole crop of cauliflower
(T1), which required 72.30 days.

Data on plant height revealed significant variation among the
treatments. The tallest plants (53.35 cm) of cauliflower were
recorded in Ts [cauliflower (without AMF) + fenugreek], while
the shortest plants of cauliflower (48.33 cm) were observed in Ts
[cauliflower (with AMF) + coriander]. Differences in the impacts
of intercropping on crop competition and nutrient availability can
account for the variation in plant height and days to marketable
curd maturity among treatments. increased nitrogen availability
from the leguminous intercrop may be the cause of the early
maturity seen in cauliflower interplanted with fenugreek (Ts),
which accelerated curd initiation and increased early
development. On the other hand, substantially poorer resource-use
efficiency may be linked to delayed maturity in the sole crop
(T1). Shorter plant stature, as seen in cauliflower intercropped
with coriander along with AMF application (T4), is seen as
agronomically advantageous in cauliflower because it lowers the
danger of lodging and improves plant stability, even though T4
recorded the maximum plant height. Therefore, crop maintenance
may benefit from treatments that result in modest plant height.

While in other investigations showed the maximum growth
parameters in sole crop of cauliflower as compared to
intercropping treatments. This can be attributed to the lack of
competition for sunlight, space, nutrients and moisture in sole
cultivation of the crop [9].

The maximum leaf length (43.17 cm) of cauliflower was
recorded in T7 [Cauliflower (without AMF) + Carrot], whereas
the minimum leaf length (37.55 cm) was observed in T1
[Cauliflower as sole crop without AMF]. This may be attributed
to the delayed emergence and slow initial growth of carrot, which
resulted in minimal competition for nutrients, moisture, and light
during the early growth stages of cauliflower. This allowed the
cauliflower plants to utilize available resources efficiently,
leading to enhanced leaf expansion. Although Amoli (2012), the
length of leaves in cauliflower cultivated solely was observed to
be greater than that of cauliflower cultivated with intercrops. This
may be explained by the availability of vital nutrients and other
resources, which were sufficient because there was less
competition than with the intercropped plant [10]. Maximum
number of leaves per plant (21.82) of cauliflower was observed in
T2 [Cauliflower as sole crop with AMF]. This was followed by
T6 [Cauliflower (with AMF) + Fenugreek] (20.75) and T7

[Cauliflower (with AMF) + Carrot] (20.45), which were statistically
at par. Accordingly, the increased rate of photosynthesis leads to
a higher number of leaves. Furthermore, the spacing between
plants has a notable impact on the number of leaves. As in sole
cropping, spacing increases than intercropping, the number of
leaves per plant increases in sole crop [10]. The minimum stalk
length (4.42 cm) was observed in T2 [Cauliflower as sole crop
with AMF]. The data on cauliflower curd polar diameter as a sole
crop and under different intercropping systems, presented in Table
3, revealed that the highest curd polar diameter (11.09 cm) was
recorded in T8 [Cauliflower (with AMF) + Carrot], followed by
T5 [Cauliflower (without AMF) + Fenugreek] (10.98 cm). The
maximum equatorial diameter (10.45 cm) was recorded in T4
[Cauliflower (with AMF) + Coriander], followed by T7
[Cauliflower (without AMF) + Carrot] (10.30 cm) and T8
[Cauliflower (with AMF) + Carrot] (10.37 cm). The results
obtained at this stage for indicators are in contrast to the data from
[12], where the sole cabbage has a larger diameter and height of
the cabbage heads compared to the intercropping options.

Data revealed that the highest gross weight (1455.00 g) of
cauliflower was recorded in T6 [Cauliflower (with AMF) +
Fenugreek]. The data on cauliflower net curd weight as a sole crop
and under different intercropping systems, presented in Table 4,
revealed that the highest net curd weight (845.00 g) was recorded
in T6 [Cauliflower (with AMF) + Fenugreek]. This was
statistically at par with T4 [Cauliflower (with AMF) + Coriander]
(565.20 g). The combination of the leguminous intercrop and
mycorrhizal association may have increased nutrient uptake,
especially nitrogen and phosphorus, resulting in the maximum
gross and net curd weight seen in cauliflower intercropped with
fenugreek coupled with AMF application (To). Curd development
was encouraged by improved soil fertility and resource utilisation
under this system, and comparable results in Ts indicate that AMF
plays a beneficial role in increasing curd weight even under non-
leguminous intercropping. Weight of cabbage head was
significantly influenced by intercropping which was in
accordance with previous studies by [13]. Higher weight of head
was seen in cabbage intercropped with palak. When short
seasoned vegetables are cultivated as intercrop might have
benefited by resource sharing as long duration crop had an
opportunity to utilize nutrients, space for later maturing vegetable
thereby increasing their yield [12].

The maximum yield (7,605.00 g/plot) was recorded in the
treatment Cauliflower (with AMF) + Fenugreek (T6), followed by
6,155.10 g/plot in T2 and 6,017.52 g/plot in both Cauliflower as
sole crop (with AMF) and Cauliflower (with AMF) + Carrot (T8).
While in other studies the productivity of cauliflower is
outstandingly improved in sole cropped plot [14] demonstrated
similar findings in their study on cauliflower when applying the
proper dosage of fertilizer [15] also found similar results on
broccoli. Intercropping has been shown to increase yield
efficiency of re-source utilization [16].

Table 3. Effect of AMF and intercropping on different parameters of cauliflower as sole crop and influenced by intercropping

Days 50 % Plant Leaf Number of Stalk Curd Polar e f;tl(;(ll’ial
Treatment  Maturity . Length breadth leaves per Length diameter q
height (cm) diameter
curd (cm) (cm) plant (cm) (cm) (cm)
T1 71.39% 48.844 37.55¢ 18.78° 19.18° 4.42¢ 10.35%¢ 8.72b¢
T2 71.40% 50.60bd 38.99< 20.61° 21.82° 5.57® 8.154 10.15%
T3 70.11%¢ 51.882® 41.012%¢ 21.52%® 21.512 5.15° 9.962¢ 8.18°
Ta 71.46% 48.834 40.41% 22.37* 21.56* 5.602 9.66° 10.45°
Ts 72.302 53.352 39.75¢d 21.45%® 19.59° 5.60% 10.98 9.33abe
Te 71.11% 52.02¢b 42.43% 20.59° 20.75% 5.25¢ 9.79b¢ 10.11%
T 69.12¢ 51.46%¢ 43.17* 22.37* 20.45% 6.852 11.09° 10.30?
Ts 67.404 49.06%4 42,60  2241° 21.44° 5.842 10.76% 10.372
SEm (¥) 0.76 1.12 | 1.03 | 0.77 0.75 0.30 0.59 0.67
CD(5%) 1.63 | 241 2.22 1.66 1.61 0.65 1.27 1.44
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Table 4. Effect of AMF and intercropping on different parameters of cauliflower as sole crop and influenced by intercropping

Net curd Marketable Marketable chlorophyll Asco.r bic
Gross curd . . . R Total soluble acid
Treatment weight (g) weight curd yield per curd yield content in leaves solids (°Brix) (mg/100g)
((3) plot (g/plot) Per (q/ha) (mg/100g)
T1 1304.90P¢ 543.10¢ 4887.90¢ 81.46¢ 43.16¢ 8.47P¢ 4.27b¢
T2 1355.66* 683.90? 6155.10* 102.58* 45.56° 8.33bc 3.95¢
T3 1281.53¢ 584.56" 5261.10° 87.68° 44.63P¢ 9.842b 4.40b¢
Ta 1335.26% 565.20P 5086.80P 84.78P 49.032 10.47* 4.35be
Ts 1265.63¢ 581.10P 5229.90P 87.16" 53.30 10.382 4.803bc
Te 1455.00 845.00 7605.00 126.75 44.53b¢ 8.55b¢ 4.923b
T . 1184.764 465.134 4186.204 69.774 48.732 8.15¢ 5.452
Ts - 1365.00* 670.282 6017.522 100.54* 44 63b¢ 9.44abe 3.98¢
SEm (¥) 18.48 9.43 85.53 1.41 0.91 0.73 0.40
CD (5%) 39.65 20.23 183.44 3.036 1.96 1.57 0.86

The maximum chlorophyll content (53.30 mg/100 g) was
recorded in T5 [Cauliflower (without AMF) + Fenugreek],
followed by T8 [Cauliflower (with AMF) + Carrot] (44.63
mg/100 g) and T3 [Cauliflower (without AMF) + Coriander]
(44.63 mg/100 g). The data regarding TSS (°Brix) of cauliflower,
presented in Table 4, showed that TSS content was generally
higher in sole cropping compared to intercropping systems. The
maximum TSS (10.47 °Brix) was recorded in T4 [Cauliflower
(with AMF) + Coriander], followed by T5 [Cauliflower (without
AMF) + Fenugreek] (10.38 °Brix), which was statistically at par
with T3 [Cauliflower (without AMF) + Coriander] (9.84 °Brix).
The increase in quality parameters with sole cropping of pea,
radish and carrot may be attributed to increased availability of
nutrients in the oil that might lead to synthesis and accumulation
of more photo synthetic which could have mobilized the
biosynthesis [17]. It might be due to increased photo-synthetic
activity and other minerals resulted in improved levels of
carbohydrates and other quality parameters of cauliflower curd
through the way of enzymatic activity stimulated by plant growth
substances produced by the application of biofertilizers and other
nutrients [18]. The maximum ascorbic acid content (5.45 mg/100
g) was recorded in T7 [Cauliflower (without AMF) + Carrot],
followed by T6 [Cauliflower (with AMF) + Fenugreek] (4.92
mg/100 g). The results are in confirmation with the outcome
achieved by in eggplant [19], in fenugreek [20], in tomato [23], in
cabbage [21].

3.2 Evaluation of yield advantage in intercropping system

The intercropping treatments significantly influenced
resource-use efficiency and economic returns. The highest land
equivalent ratio (1.93) was recorded in Ts [cauliflower (with
AMF) + fenugreek], indicating superior land-use efficiency,
followed by Ts [cauliflower (without AMF) + coriander] with an
LER of 1.56. Similarly, the maximum monetary advantage index
(12.83) was observed in Ts, followed by Ts [cauliflower (with
AMF) + carrot] (10.78), reflecting the economic superiority of
these intercropping systems (Table 5). Production efficiency was
highest in Ts [cauliflower (with AMF) + carrot] (225.11 kg ha™!
day™'), whereas the lowest value (52.14 kg ha™ day') was
recorded in T [fenugreek as sole crop] (Figure 2). The maximum
cauliflower equivalent yield (193.04 q ha™') was obtained in Ts,
which was statistically at par with T4 [cauliflower (with AMF) +
coriander] (186.23 q ha™'), indicating the yield advantage of
AMF-assisted intercropping systems. The LER value is always
unity in monocropping and if LER is found greater than 1, it
means that intercropping is beneficial over sole cropping. Thus, it
means that there is yield advantage in intercropping due to
efficiently utilization of land in intercropping system. Due to
complementary crop interactions and improved nutrient uptake,
the higher land equivalent ratio and monetary advantage index

found in cauliflower interplanted with fenugreek together with
AMF (T:) imply more effective resource utilisation and higher
economic returns. The AMF-assisted cauliflower—carrot and
cauliflower—coriander systems' increased production efficiency
and cauliflower equivalent yield further demonstrate the
contribution of AMF and appropriate intercrops to raising output
and system efficiency. from the intercropping systems indicated
the suitability, productivity as well as the profitability of the
systems over the sole crop cultivation. These results were
supported by the findings of [24].

Production efficiency (kg/ha/day)
250

200

150
: I ‘ ‘ |
0 | ] I

Fig. 2. Production efficiency (kg/ha/day) of cauliflower as sole
crop and as influenced by intercropping.

(=]

W
(=)

Table 5. Yield advantage in intercropping system

Land Monetary (éa:lllil‘g(;::ftr
Treatment equivalent advantage q ield
ratio (LER)  index (MAD CEyY Ja/ha)
T1 1.00 - —
T2 1.00 — -
T3 1.56 7.51 126.42
T4 1.64 8.26 186.23
Ts 1.45 7.58 129.31
T 1.93 12.83 164.41
T7 0.92 8.45 169.11
Ts 0.95 10.78 193.04
SEm (%) 0.19 3.62 7.87
CD (5%) 0.41 1.69 16.89
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3.3 Effect of intercropping and arbuscular mycorrhizal fungi
on soil microbial properties

The soil microbial population was significantly influenced by
intercropping systems and AMF application. The highest bacterial
population (57.66 x 10° CFU) was recorded in Ts [cauliflower
(with AMF) + carrot], followed by T: [cauliflower as sole crop
with AMF] (56.00 x 10¢ CFU) (Table 6), indicating a strong
positive effect of AMF on bacterial proliferation in the
rhizosphere. Similar observations have been reported earlier,
where greater bacterial and fungal populations were observed
under diversified cropping systems compared to conventional
farming, particularly when cauliflower was intercropped with pea
or coriander [25]. Enhanced AMF populations under organic
nutrient management compared to mineral fertilization have also
been reported, suggesting favorable conditions for microbial
activity under biologically managed systems [26].

Table 6. Effect of AMF and intercropping on microbial
community of cauliflower as sole crop and influenced
by intercropping

Bacterial Phosp.h.orus
Treatment count (CFU) AM Spore Solubllls'mg
106 count bacteria
(CFU)10¢
T: 44.33¢cd 110.00¢ 2.10¢
T2 ‘ 56.002 176.00* 4.99¢
T3 40.00¢ 116.00P¢ 2.46¢
Ta 47.00¢ 167.66* 5.26P
Ts 44.66% 110.00¢ 2.10¢
Te 44.00¢ 173.332 5.90*
T7 52.00P 115.33b¢ 2.06¢
Ts ‘ 57.66* 188.33 | 5.80*
Ty 43.66¢ 119.66"¢ 2.10¢
T1o 42.664 119.66"¢ 2.10¢
Tu 43.009¢ » 125.33b 2.100¢
SEm (£) 1.48 » 5.72 0.12
CD(5%) 3.08 » 11.93 | 0.26

The maximum arbuscular mycorrhizal (AM) spore count
(188.33) was recorded in Ts, followed by Tio [coriander as sole
crop] and Tu [fenugreek as sole crop] (119.66 each). The higher
spore density under these treatments may be attributed to suitable
host compatibility and favorable soil nutrient status. Under
conditions of adequate nitrogen and phosphorus availability,
AMF may contribute less to nutrient acquisition and more to
improving soil aggregation, water uptake, transport efficiency,
and plant resistance to biotic and abiotic stresses, thereby
sustaining symbiotic activity [27].

The maximum phosphorus-solubilizing bacterial (PSB)
population (5.90 x 10°¢ CFU) was recorded in Ts [cauliflower
(with AMF) + fenugreek], followed by To, T, Tu1, Ts, and T,
which showed comparatively lower but similar populations
(~2.10 x 107¢ CFU). The enhanced PSB population under AMF-
treated and legume-intercropped systems suggests a synergistic
interaction between AMF, PSB, and crop roots, facilitating better
microbial colonization and survival in the rhizosphere. This
indicates that indigenous beneficial microorganisms can
effectively proliferate and establish under integrated biological
nutrient management practices, leading to improved soil
biological health [28-30].

4. Conclusion

The study revealed that cauliflower-based intercropping
systems performed better under AMF conditions compared to
non-AMF and sole cropping. Among the treatments, Cauliflower
(With AMF) + Carrot (T8) was most productive, recording the
highest production efficiency (225.11 kg/ha/day) and CEY

(193.04 g/ha). Cauliflower (With AMF) + Fenugreek (T6) was
significantly superior for gross curd weight, net curd weight, yield
per plot, yield per hectare, phosphorus sol-ubilizing bacteria
(PSB), land equivalent ratio (1.93), and monetary advantage index
(MAI), highlighting its overall efficiency. In contrast, non-AMF
combinations, particularly Cauliflower (Without AMF) + Carrot
(T7), recorded the lowest performance. Thus, AMF-assisted
intercropping of cauliflower with fenugreek or carrot proved to be
the most efficient system, ensuring higher productivity, resource-
use efficiency, and sustainability compared to sole cropping.
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