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Abstract

Turmeric is a slow-growing crop in its initial stages so it does not rapidly cover the soil and solar 
energy remains underutilized leading to weed growth. Hence, it offers ample scope for growing 
intercrops. Therefore, a field study was conducted to assess the compatibility of intercrops on 
turmeric productivity. The study comprised eight treatment combinations viz., T1 - Turmeric 
as a sole crop (control), T2 - Turmeric + fenugreek, T3 - Turmeric + french bean, T4 - Turmeric + 
aggregatum onion, T5 - Turmeric + vegetable soybean, T6 - Turmeric + coriander, T7 - Turmeric 
+ sweet corn and T8 - Turmeric + marigold. Intercrops were grown as sole crops for evaluating 
the intercropping systems (T9 to T15). Results showed that, turmeric with aggregatum onion as 
intercrop produced the highest yield (35.08 t ha-1) compared to pure crop of turmeric (32.36 t ha-

1). Turmeric intercropped with vegetable soybean (Land Equivalent Ratio [LER] 2.06 and Area 
Time Equivalent Ratio [ATER] 1.44) and aggregatum onion (LER 1.85 and ATER 1.37) exhibited 
significantly higher land use efficiency. Turmeric with aggregatum onion achieved the highest 
Turmeric Equivalent Yield (10.12 t ha-1), followed by marigold (8.85 t ha-1) and vegetable soybean 
(8.18 t ha-1). The highest B:C ratio (2.06) was in turmeric with aggregatum onion, while the lowest 
B:C (0.90) was found in turmeric intercropped with french bean, emphasizing the enhanced 
profitability of intercropping turmeric with aggregatum onion.

Keywords: Turmeric, intercrops, Area Time Equivalent Ratio (ATER), Land Equivalent Ratio 
(LER), Turmeric Equivalent Yield (TEY).
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Introduction

Turmeric (Curcuma longa L.) is a perennial 
herb commercially cultivated as an  annual 
crop that belongs to the Zingiberaceae family, 
which is the subterranean rhizome and it 
is believed to have originated in South East 
Asia. Among approximately 117 species in the 
genus Curcuma, about 40 have been identified 
as occurring in India (Velayudhan et al., 1999). 
It is an ancient, holy spice from India known as 
“Indian Saffron”. In India, it is grown in an area 
of 3,10,963 ha with a production of 11,05,321 t 
and a productivity of 3.55 t ha-1 during the year 
2024-2025. Turmeric is one of the major spice 
crops and it is cultivated in many Indian states 
such as Maharashtra, Telangana, Karnataka, 
Tamil Nadu, Madhya Pradesh, Andhra 
Pradesh, Odisha, West Bengal, Mizoram, 
Assam and Gujarat. In Karnataka, it is grown 
in an area of 14,710 ha with a production of 
82,746 t and productivity of 5.62 t ha-1 (Spices 
Board, 2026). 

Intercropping is one of the major cropping 
systems followed in horticultural crops. 
Turmeric-based intercropping systems enhance 
resource utilization, suppress weeds, improve 
soil fertility and increase productivity through 
complementary use of nutrients, water and 
light (Lithourgidis et al., 2011). These systems 
also contribute to soil organic carbon buildup 
and carbon sequestration by increasing biomass 
addition and improving soil health. Therefore, 
intercropping offers a sustainable approach to 
enhance the productivity, profitability, resource 
use efficiency and environmental sustainability 
of turmeric cultivation. Since turmeric grows 
slowly in early stages, it does not quickly cover 
the soil, allowing solar energy to remain unused 
and increasing weed growth. It is reported that 
the critical period of weed interference was 
between 8-12 weeks after planting in turmeric 
(Njoku et al., 2012). To produce more rhizomes, 
turmeric needs a long period of weed-free soil. 
However, hand weeding becomes expensive, 
takes a lot of time and is laborious. The turmeric 

production can occasionally be severely 
decreased due to a lack of labour, particularly 
during critical periods of growth. It provides 
a good opportunity for intercropping, which 
aids in making use of most of solar radiation 
and available space during the early stages of 
crop growth. As a result, short-duration crops 
such as vegetables, legumes and annual spices 
can be successfully cultivated in the interspaces 
(Paramesh et al., 2023). Growing more of these 
short-duration crops will raise cultivation costs 
proportionately, but the additional revenue 
will compensate for this rise. The same land 
can yield a second source of revenue through 
intercropping. As a result of weed growth 
inhibition, system productivity, nutrient, land 
and light use efficiency are increased. With this 
background, the above study was delineated 
with the following objectives.

1.	 To elucidate the impact of intercrops on 
growth, yield and quality of turmeric.

2.	 To assess the influence of intercrops on 
weed dynamics and suppression.

3.	 To quantify the resource use efficiency and 
to study the economics of intercropping in 
turmeric.

Material and methods

This experiment was conducted during 
May 2023 to January 2024 at the College 
of Horticulture, Bengaluru (13.095777° N, 
77.565131° E), located in the Eastern Dry Zone 
of Karnataka (Agro-climatic Zone V) at an 
elevation of 930 m above mean sea level. The 
experimental site had red sandy loam soil with 
an acidic reaction (pH 5.37), medium organic 
carbon (0.67%), low available nitrogen (200 
kg ha-1), medium available phosphorus (23.38 
kg P2O5 ha-1) and potassium (188.28 kg K2O 
ha-1). During the experimental period, the 
mean maximum and minimum temperatures 
ranged from 28.1 to 31.4°C and 18.1 to 21.1°C, 
respectively, while the relative humidity 
ranged from 46 to 87%. The study comprised 
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eight treatment combinations viz., T1 - 
Turmeric as a sole crop (control), T2 - Turmeric 
+ fenugreek, T3 - Turmeric + french bean, T4 - 
Turmeric + aggregatum onion, T5 - Turmeric + 
vegetable soybean, T6 - Turmeric + coriander, 
T7 - Turmeric + sweet corn and T8 - Turmeric 
+ marigold. Intercrops were grown as sole 
crops for evaluating the intercropping systems 
(T9 to T15). The experiment was conducted in 
a  randomized complete block design and 
replicated thrice. 

A recommended fertilizer dose of 150:125:250 
kg N: P2O5: K2O ha-1, as prescribed in the 
package of practices of the ICAR-Indian 
Institute of Spices Research (IISR), Calicut 
and the University of Horticultural Sciences 
(UHS), Bagalkot (Anonymous, 2013) was 
uniformly applied to all experimental plots. 
Nutrients were supplied through urea (54.3 
kg ha-1), 20:20:0:13 fertilizer (625 kg ha-1) and 
muriate of potash (MOP; 416.5 kg ha-1) as the 
respective sources of nitrogen, phosphorus and 
potassium. The entire dose of phosphorus, 50 
per cent of the recommended dose of nitrogen 
and 50 per cent of K were applied basally at 
the time of planting and the remaining 50 per 
cent of the recommended dose of nitrogen and 
potassium were top-dressed in two equal splits 
at the second and third month, respectively. In 
the intercropping treatments, the fertilizer dose 
was applied only for turmeric on an area basis 
(per hectare of the experimental plot) and no 
additional fertilizers were applied specifically 
for the intercrops. For each treatment, the 
experimental field comprised three raised 
beds, each measuring 3.30 m × 3.45 m with a 
height of 15 cm (Figure 1). The gross plot size 
was 3.30 m × 3.45 m (11.38 m2), with a net 
plot area of 6.75 m2. Irrigation was applied 
through an inline drip irrigation system. Each 
raised bed was provided with two 16 mm drip 
laterals, one for each of the two crop rows. 
The laterals had a wall thickness of 0.80 mm, 
with inline emitters spaced at 30 cm intervals 
and having a discharge rate of 2.0 L h-1 at 1.0 

bar pressure. Irrigation was applied based on 
crop evapotranspiration (ETc), estimated using 
reference evapotranspiration (ET0) and the 
crop coefficient (Kc). The irrigation schedule 
was adjusted according to crop growth stage 
and prevailing weather conditions, with 
modifications made based on rainfall to avoid 
excess irrigation. All component crops received 
the same irrigation schedule and quantity of 
water throughout the experiment. Disease-
free seed rhizomes of turmeric variety ‘IISR 
Pragati’ were used for planting at a seed rate 
of 2,500 kg ha-1. Prior to planting, the rhizomes 
were treated with mancozeb at 0.3% (3 g L-1 
of water) for 30 minutes, shade-dried for 3-4 
hours and subsequently planted on raised beds 
at a spacing of 45 × 30 cm. Seeds of fenugreek, 
coriander and bulbs of aggregatum onion 
were sown as two lines in between the rows of 
turmeric as an additive series (Table 1). Seeds 
of french bean, vegetable soybean, sweet corn 
were sown and seedlings of marigold were 
planted as one row in between the two rows 
of turmeric as an additive series on May 24, 
2023. Cultural operations pertaining to crop 
production and protection were followed as 
per the standard package of practices

Five plants from each treatment were randomly 
selected and observations were recorded. The 
plant height was measured from the base to the 
tip of the petiole on the uppermost (youngest) 
leaf. The fully opened leaves present in the 
plant on the tagged plant was counted. The 
number of tillers produced by the randomly 
selected tagged plant was counted at monthly 
intervals. Harvesting of intercrops was carried 
out according to the horticultural maturity 
of each crop. Fenugreek and coriander were 
harvested for green leaves at 30-35 days after 
sowing (DAS) in a single harvest. French 
bean was harvested for tender green pods at 
horticultural maturity, with pickings carried 
out at 3-4-day intervals. Aggregatum onion was 
harvested once at 90 days after planting (DAP) 
after the leaves had completely dried and the 
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bulbs had attained physiological maturity. 
Vegetable soybean was harvested at the green 
pod stage with pickings carried out at 5-day 
intervals. Sweet corn was harvested once at 
the milk stage, approximately 20-25 days after 
silking. Marigold flowers were harvested at 
full bloom, with flower pickings carried out at 
2–3-day intervals until the end of the flowering 
period. After the signs of yellowing, withering, 
drying of the leaves and full maturity, rhizomes 

were harvested and  the yield per plot was 
determined in kilograms. The yield was 
extrapolated to tons per hectare and reported 
as fresh rhizome yield per hectare.

Using the American Spice Trade Association 
(ASTA) recommended approach, 
spectrophotometry was used to determine the 
total curcuminoids contentby measuring the 
absorbance at 425 nm. (Thimmaiah, 1999).

Fig. 1. Layout of a single treatment

Table 1. Details of the intercrop treatments

Intercrop Botanical name Variety
No. of  

rows as  
intercrop

No. of  
rows as 

sole crop

Spacing 
(cm)

Seed rate 
for  

intercrop  
(kg ha-1)

Seed rate 
for  

sole crop  
(kg ha-1)

Fenugreek
Trigonella 

foenum-graecum 
L.

CO 1 2 4 20 × 15 20 40

French bean Phaseolus 
vulgaris L.

Arka 
Arjun 1 3 30 × 15 16 50

Aggregatum 
onion

Allium cepa L. 
var. aggregatum CO (On) 5 2 4 20 × 12 438 bulbs 875 bulbs

Vegetable 
soybean

Glycine max (L.) 
Merr.

KBVS-1 
(Karune) 1 2 40 × 10 25 50

Coriander Coriandrum 
sativum L. DCC-46 2 4 20 × 15 15 30

Sweet corn Zea mays L. var. 
saccharata Mithas 1 2 45 × 20 7.5 20

Marigold Tagetes erecta L. Tennis ball 
orange 1 2 45 × 35 23,100  

seedlings
46,200  

seedlings
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				    Ds X As
Total curcuminoids content (%) =  –––––––––––– x 100
			               100xWsx1650
Where,

Ds = 	 Dilution volume of sample, where 
in the dilution schedule using this 
method was 20,000 for raw turmeric 
powder (ml)

As = 	 Absorbance of the sample at 425 nm

Ws = 	 Weight of the sample in grams

1650 = 	 Estimation of absorptivity (E 1%, 1 cm) 
value at 425 nm for total curcuminoids

Hand weeding was carried out at 30, 45 and 
75 days after planting (DAP). Immediately 
before each hand weeding, all weeds present 
within the entire net plot area were manually 
uprooted and collected separately for each 
experimental plot. Thus, the entire net plot 
served as the sampling unit and no quadrat 
sampling was employed. The collected weed 
samples were cleaned to remove adhering soil, 
shade-dried to remove excess surface moisture 
and subsequently oven-dried at 60 ± 5°C until 
a constant weight was attained. The oven-dried 
weed biomass was recorded in grams per plot 
using a digital balance. Weed dry matter was 
expressed on a hectare basis by converting the 
plot-wise dry weight (g plot-1) to kilograms per 
hectare.

Light transmission ratio (LTR) was determined 
using a digital lux meter (Voltcraft MS-1300 
Light Meter; measuring range: 200–50,000 
lux). Observations were recorded at 60, 90, 
120, 150 and 180 days after planting (DAP) 
on clear, sunny days between 12:00 noon and 
2:00 p.m. to minimize variation due to solar 
angle and cloud cover. For each treatment, 
three observations were recorded and the 
mean value was used for statistical analysis. 
Light intensity above the crop canopy was 
measured by positioning the sensor above the 
leaves without any obstruction from the crop 
foliage. Subsequently, light intensity below the 

canopy was measured by placing the sensor at 
ground level directly beneath the crop canopy 
at the corresponding location. Care was taken 
to maintain the sensor in a horizontal position 
during all measurements to ensure uniformity. 
The light transmission ratio was calculated as 
per the following formula (Yoshida et al., 1972):
 		       Light intensity received at ground level
Light Transmission Ratio (%) =  ––––––––––––––––––––––––––––––––––––      x 100
		  Light Intensity received above the canopy of crop

The Land Equivalent Ratio (LER) was calculated 
as per the following formula suggested by 
Mead and Willey (1980).

LER = LA + LB = (YA/SA)+(YB/SB)

Where, LA and LB are the LER for the individual 
crops, YA and YB are the individual crop yields 
in intercropping and SA and SB are their sole 
crop yields.

Area Time Equivalent Ratio (ATER) was 
calculated as per the following formula 
suggested by Hiebsch and McCollum (1987). 

                (RYAxtA) + (RYB x tB) 
ATER  =     –––––––––––––––––––– 

	   T

Where, RY = Relative yield of species A and B

t = Duration (days) of species A and B; T = 
Duration (days) of the intercropped system

	 Yield of intercrop per ha 
RY =  –––––––––––––––––––––––––– 
	 Yield of sole crop per ha

Turmeric equivalent yield (TEY) was calculated 
as per the following formula (Islam et al., 2018): 
TEY = Yield of intercrop + Price of turmeric}.

After the harvesting of rhizomes, representative 
soil samples were taken as per the standard 
procedure from each treatment and replications. 
The quartering method was used to make the 
treatment-wise composite soil samples. The 
samples were allowed to air dry in the shade, 
then they were pounded into a fine powder 
using a wooden mortar and pestle and sieved 
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using a 2 mm sieve. These soil samples were 
used for the estimation of primary, secondary 
and micronutrients. Quantitative analysis of 
micronutrients was done using SHIMADZU 
(AAS-AA6880). The nutrient uptake was 
determined by multiplying the  percentage of 
nutrients in the pseudostem and rhizome with 
the dry biomass of the corresponding plant 
part.

	             Nutrient concentration (%) × Total biomass (kg ha-1) 
Nutrient 		  ––––––––––––––––––––––––––––––––––––– 
uptake (kg ha-1) =  			   100

Fisher’s method of analysis of variance 
(ANOVA), as described by Sundararaj et al. 
(1972), was used to statistically analyse the 
experimental data collected on various growth, 
physiological, yield and quality parameters 
during the study. The data were subjected to 
analysis in WASP 2.0.

Results and discussion

Growth parameters

The results showed that intercropping did not 
significantly influence plant height of turmeric 
(Table 2). At 180 Days After Planting (DAP), 
The data revealed that the number of leaves 
per plant did not differ significantly among 
treatments at 150 DAP. However, significantly 
a greater number of leaves per plant was 
noticed at 180 DAP. The effect of intercrops 
on turmeric leaf production was seen at later 
stages. Turmeric intercropped with coriander 
and marigold produced a significantly higher 
number of leaves (6.53) which was at par 
with turmeric intercropped with aggregatum 
onion (6.00), intercropped with vegetable 
soybean (6.00) and turmeric grown as a  sole 
crop (5.80). The lowest leaf count (4.80) was 
in turmeric intercropped with fenugreek. The 
physical space and light availability affected 
by the canopy structure of the intercrops play 
a crucial role in leaf production and that might 
be reflected in the later stages of turmeric leaf 
production. The higher leaf production in 

turmeric intercropped with coriander  is due 
to the production of maximum number of 
tillers as evident in Table 2. The lower light 
transmission in the initial stages of turmeric 
intercropped with marigold forces  the plants to 
produce more leaves to harvest the maximum 
amount of light.

Yield parameters

The significantly higher fresh rhizome yield 
(Table 2) was recorded in turmeric intercropped 
with aggregatum onion (35.08 t ha-1) which was 
at par with turmeric intercropped with vegetable 
soybean, coriander and the turmeric grown as 
a sole crop. This indicates that intercropping 
with aggregatum onion, vegetable soybean 
or coriander did not adversely affect turmeric 
rhizome yield compared with sole cropping. 
The comparable yields observed in these 
treatments may be attributed to efficient 
utilization of available resources and reduced 
interspecific competition during the critical 
growth stages of turmeric, enabling the crop 
to maintain rhizome production at a level 
similar to that of the sole crop. However, 
monocropping failed to produce the maximum 
yield. This is due to higher weed dry matter 
accumulation in the early growth stages in this 
system as evident in Table 4. When turmeric was 
intercropped with aggregatum onion, soybean 
and coriander, its yield was significantly higher 
compared to other intercrop combinations. 
At 45 and 75 DAP, lower weed dry matter 
accumulation (Table 2) by these systems could 
also contribute to the higher yield (Chitra and 
Hemalatha, 2017) The higher weed smothering 
efficiency (Table 4) of aggregatum onion in the 
early growth stages of turmeric might have 
contributed to the higher yield. Through the 
formation of root nodules, soybean contribute 
nitrogen to the soil environment. Studies have 
demonstrated that growing soybeans can 
boost nitrogen cycling by approximately 3.6 
times, along with an increase in nitrogen-fixing 
bacteria (Yoshiki et al., 2013). The higher fresh 
rhizome yield in turmeric intercropped with 

Turmeric productivity and resource use efficiency under intercropping
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vegetable soybean might be due to considerable 
amount of atmospheric nitrogen fixation and 
thereby increased the soil fertility (Rajanna et 
al., 2022). The lowest yield (19.96 t ha-1) was 
observed in turmeric intercropped with sweet 
corn. Maize exhausts a considerably higher 
amount of nutrients from soil as compared to 
other cereals (Harish et al., 2025; Hasanain et 
al., 2026). Lesser rhizome production in sweet 
corn intercropping systems might be due to 
the highly nutrient-exhaustive nature of sweet 
corn. Because of the semi-spreading growth 
habit of the beans, they occupied a significant 
amount of space, intercepted a large portion 
of sunlight and absorbed more moisture and 
nutrients (Varatharajan et al., 2022; Hirani et al., 
2024). This might be the reason for lesser yield 

when turmeric was intercropped with french 
bean. The higher nutrient uptake and the root 
biomass by the intercrops may be attributed to 
the lesser rhizome production in those systems. 
The decrease in turmeric yield with other 
intercrops might due to increased competition 
for resources and reduced photosynthetic 
efficiency. The total curcuminoids content 
was found to be non-significant among the 
treatments (Table 2).

Light transmission ratio

The light transmission ratio (LTR) varied 
significantly among treatments at 60 and 90 DAP 
(Table 3), while the differences beyond 90 DAP 
were not significant. At 60 DAP, sole turmeric 
(T1) recorded the highest LTR (62.73%), which 

Table 2. Influence of intercropping on the growth, fresh rhizome yield and total curcuminoids 
content of turmeric

Treatment

Plant height 
(cm)

Number of 
leaves

Number of 
tillers

Fresh 
rhizome 
yield ha-1 

(t)

Total 
curcuminoids 

content (%)150 
DAP

180 
DAP

150 
DAP

180 
DAP

150 
DAP

180 
DAP

T1- Turmeric (sole 
crop) 38.93 26.86 6.66 5.80abc 3.86 4.40 32.36ab 4.59

T2- Turmeric + 
fenugreek 37.40 26.36 6.46 4.80d 3.40 4.20 26.07bc 4.11

T3- Turmeric + 
french bean 34.60 26.54 6.13 4.86cd 3.60 3.80 21.98c 4.29

T4- Turmeric 
+ aggregatum 
onion

36.66 26.93 6.13 6.00ab 3.26 3.80 35.08a 4.63

T5- Turmeric + 
vegetable soybean 37.56 27.66 6.20 6.00ab 4.06 4.73 33.05ab 4.32

T6- Turmeric + 
coriander 34.80 29.86 6.53 6.53a 4.26 5.00 32.93ab 4.34

T7- Turmeric + 
sweet corn 35.73 25.66 6.46 5.46bcd 3.33 4.26 19.96c 3.63

T8- Turmeric + 
marigold 36.73 27.46 6.93 6.53a 4.26 4.60 27.27bc 4.14

S.Em ± 1.88 2.22 0.28 0.31 0.37 0.46 2.52 0.28
CD at 5% NS NS NS 0.96 NS NS 7.66 NS

Note: Means with the same letter in each column are not significantly different, as indicated by the DMRT 
test (P< 0.05). NS: Non-significant

Sachiithanantham et al.
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was significantly higher than all intercropped 
treatments. Among the intercrops, the lowest 
LTR was observed in turmeric + marigold 
(T8) with a value of 1.15 per cent, followed by 
turmeric + vegetable soybean (T5) at 3.27 per 
cent. A similar trend was noted at 90 DAP, 
turmeric + marigold (T8) with a value of 2.20 
per cent followed by turmeric + vegetable 
soybean (T5) and turmeric + sweet corn (T7) 
(3.90% and 3.91%, respectively). Although 
plant height was not significantly different 
among the treatments, field observations 
indicated that turmeric plants intercropped 
with marigold appeared comparatively taller 
with relatively slender stems up to 90 DAP, 
suggesting a greater shading effect during 
the early crop growth period. The dense and 
continuous canopy formed by marigold, 
together with the associated ground covermust 
have reduced the amount of solar radiation 
reaching the soil surface, thereby limiting weed 
establishment and growth. Similar reductions 
in weed growth under dense crop canopies 
have been attributed to improved interception 
of incident light and greater ground cover, 
resulting in lower light availability for weed 
emergence and development (Hirani et al., 
2024). However, after 120 DAP, crop growth 
became more uniform across all treatments 
and no noticeable differences in plant canopy 
was observed.

Weed dry matter accumulation 

At 30, 45 and 75 DAP, corresponding to the 
critical crop-weed competition period in 
turmeric, all weeds present in the net plot were 
removed manually, collected and oven-dried to 
a constant weight for the estimation of weed dry 
matter. Thus, the weed dry matter represented 
the weed biomass present immediately before 
each hand weeding operation, while the dry 
weight was determined after oven drying. 
Therefore, the weed data were recorded under 
the recommended crop management practices 
and not under unweeded conditions. The 
data presented in Table 4 revealed that the 

weed dry matter accumulation have shown 
significant variations among treatments. At 
30 DAP, turmeric grown as a sole crop had 
the significantly highest weed dry matter 
accumulation (131.50 kg/ha), which was at par 
with turmeric intercropped with coriander 
(124.4 kg/ha). Turmeric intercropped with 
marigold had the lowest weed dry matter 
accumulation per hectare (59.5 kg/ha). At 
45 DAP, significantly lower dry weight of 
weeds recorded in turmeric intercropped 
with marigold (77.2 kg/ha), while the highest 
amounts were in turmeric grown as a sole 
crop, followed by turmeric intercropped with 
coriander and sweet corn (362.4 kg/ha, 324.2 kg/
ha and 322.6 kg/ha, respectively). At 75 DAP, 
turmeric intercropped with marigold again 
significantly had the lowest value (73.14 kg/ha), 
which was at par with turmeric intercropped 
with vegetable soybean (141.41 kg/ha), whereas 
the highest weed dry matter accumulation was 
in turmeric grown as a sole crop (400.17 kg/ha). 
Mono-cropped turmeric consistently had the 
highest weed dry matter accumulation all the 
time, while the turmeric intercropping system 
had the lowest accumulation throughout 
the cropping period. This could be because 
the additive series of intercrops guaranteed 
improved soil surface coverage and reduced 
light penetration to the soil, which inhibited 
weed growth (Varatharajan et al., 2022).

Resource use efficiency

The highest yield advantage (Table 4), as 
indicated by the Land Equivalent Ratio (LER) 
was in turmeric intercropped with vegetable 
soybean (2.06) followed by aggregatum 
onion (1.85). A LER of 2.06 indicates that 
approximately 106 per cent more land 
would be required under sole cropping to 
obtain the same combined yield as turmeric 
intercropped with vegetable soybean. 
Among the intercropping systems, turmeric 
intercropped with French bean had the lowest 
LER (1.05). Hence, intercropping of turmeric 
with fenugreek, French bean, aggregatum 
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onion, vegetable soybean, coriander, sweet 
corn and marigold was better than growing 
sole crop in terms of land use efficiency. The 
increased LER in all intercropping systems 
may be attributed to the complementary use 
of available resources by the component crops 
and reduced weed competition, resulting in 
greater combined productivity per unit land 
area. The increased LER in all intercropping 
systems might be due to more efficient spatial 
and temporal resource utilization, leading to 
a higher combined economic yield of both the 
main crop and the intercrops (Khan et al., 2018). 
Nurbakhsh et al. (2013) also found similar 
results in intercropping of sesame and bean.

Intercropping turmeric with vegetable soybean 
resulted in a higher (1.44) ATER, followed by 
aggregatum onion (1.37), compared to the 
sole cropping of turmeric (1.00) (Table 4). This 
represents a 44 and 37% increase in ATER for 
these intercropping systems, respectively, 
over the sole crop. These higher ATER values 
indicate superior efficiency in the utilization of 
land over time by accounting for the duration of 
the component crops. However, when turmeric 

was intercropped with fenugreek, French bean 
and sweet corn, the ATER values were less 
than one (0.85, 0.83 and 0.90 respectively). It 
indicated the disadvantages of these systems 
in terms of land-use efficiency over time. 
Similar findings were reported by Abdelkader 
& Mohsen (2016) in aggregatum onion with 
fennel and coriander. 

To assess the relative efficiency of various 
treatments, the yield of the component crops 
was converted into turmeric equivalent yield 
(TEY). Turmeric intercropped with aggregatum 
onion achieved the highest TEY of 10.12 t ha-1 
(Table 4), compared to the other intercropping 
systems, indicating greater economic 
productivity under the prevailing market 
conditions. This was followed by turmeric 
intercropped with marigold with a yield of 8.85 
t ha-1 and vegetable soybean with 8.18 t ha-1. 
Turmeric intercropped with coriander also had 
a relatively high TEY (7.70 t ha-1). The higher 
market prices of aggregatum onion (₹ 40,000 
t-1), marigold (₹ 20000 t-1), vegetable soybean 
(₹ 30000 t-1) and coriander (₹ 50000 t-1) at the 
time of marketing could have contributed to 

Table 3. Influence of intercropping on light transmission ratio at different growth stages of 
turmeric of turmeric

Treatment
Light transmission ratio (%)

60 DAP 90 DAP 120 DAP 150 DAP 180 DAP

T1- Turmeric (sole crop) 62.73a 9.35a 21.67 11.16 5.86

T2- Turmeric + fenugreek 30.44b 8.96a 23.15 10.19 7.96

T3- Turmeric + french bean 8.95d 6.63b 18.01 11.20 6.02

T4- Turmeric + aggregatum onion 13.91c 9.61a 21.00 9.74 5.65

T5- Turmeric + vegetable soybean 3.27e 3.90c 17.26 9.56 7.09

T6- Turmeric + coriander 9.40d 8.67ab 16.51 7.83 5.86

T7- Turmeric + sweet corn 12.42c 3.91c 33.17 10.67 7.00

T8- Turmeric + marigold 1.15e 2.20c 29.91 9.73 6.81

S.Em ± 3.05 0.69 3.73 0.89 0.69

CD at 5% 2.37 2.11 NS NS NS
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higher TEY in those systems. Higher TEY was 
reported by Islam et al. (2018) in turmeric, 
Rymbai et al. (2021) in ginger and Sunitha et al. 
(2022) in greater yam; whereas, the lowest TEY 
(5.43 t ha-1) was in turmeric intercropped with 
French bean, while turmeric intercropped with 
fenugreek and sweet corn produced lower TEY 
values of 5.85 t ha-1 and 5.99 t ha-1, respectively. 
Turmeric intercropped with French bean, 
fenugreek and sweet corn produced lower TEY 
when compared to monocropping. The lesser 
TEY from these systems was due to low yield 
and selling price at the time of marketing.

Soil fertility status

The significantly higher level of available 
soil nitrogen was in turmeric intercropped 
with coriander (177.28 kg ha-1), but it was 
at par with French bean intercropping (T3) 
and plants grown as a sole crop (T1) (Table 

5). On the other hand, the lowest available 
soil nitrogen (127.8 kg ha-1) was recorded in 
turmeric intercropped with aggregatum onion 
(T4), than other intercropping systems. Among 
the various treatments, turmeric intercropped 
with coriander (T6) exhibited the significantly 
higher-level of available soil potassium (306.32 
kg ha-1), which was at par with turmeric 
intercropped with french bean (T3); whereas, 
the lowest available soil potassium (165.43 kg 
ha-1) was observed in turmeric intercropped 
with sweet corn (T7), fenugreek (T2), vegetable 
soybean (T5) and marigold (T8) systems. 
The amount of available nitrogen in all the 
cropping systems decreased when compared 
to the initial levels. In the case of nitrogen 
and potassium, the highest available nitrogen 
observed in the turmeric intercropped with 
coriander might be due to a significantly lower 
uptake of nitrogen and shorter crop duration 
in that system which leads to less depletion. 

Table 4. Influence of intercropping on weed dry matter accumulation and resource use efficiency 
in turmeric

Treatment
Weed dry matter accumulation (kg ha-1)

LER ATER TEY
(t ha-1)

30 DAP 45 DAP 75 DAP

T1- Turmeric (sole crop) 131.50a 362.36a 400.17a 1.00d 1.00cde 6.89cde

T2- Turmeric + fenugreek 105.53c 190.21c 172.46c 1.22cd 0.85e 5.85de

T3- Turmeric + french bean 78.67d 190.65c 162.03c 1.05d 0.83e 5.43e

T4- Turmeric + aggregatum onion 109.98c 163.70c 160.42c 1.85ab 1.37ab 10.12a

T5- Turmeric + vegetable soybean 102.31c 258.55b 141.41cd 2.06a 1.44a 8.18abc

T6- Turmeric + coriander 124.40ab 324.16a 323.34b 1.52bc 1.11cd 7.70bcd

T7- Turmeric + sweet corn 120.44b 322.64a 158.31c 1.25cd 0.90de 5.99de

T8- Turmeric + marigold 59.53e 77.15d 73.14d 1.62abc 1.16bc 8.85ab

S.Em ± 2.65 15.83 23.85 0.14 0.07 0.64

CD at 5% 8.05 48.03 72.35 0.44 0.21 1.94

Note: Means with the same letter in each column are not significantly different, as indicated by the DMRT 
test (P< 0.05). 
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The lowest available nitrogen in turmeric 
intercropped with aggregatum onion (T4) 
and marigold (T8) might be due to the higher 
uptake of the crops that had contributed to the 
higher yield in the cropping system. The lesser 
available potassium in turmeric intercropped 
sweet corn (T7) indicated that sweet corn 
exhausted the nutrients due to its higher 
biomass production in an effective manner. 
It is evident from the Table 7 that the fresh 
rhizome yield was significantly and positively 
correlated to the potassium and secondary 
nutrients uptake from the soil. The data 
pertaining to available phosphorus showed 
that there was a significant difference among 
the treatments. The significantly highest levels 
of available soil phosphorus were recorded 
in turmeric sole crop (T1), intercropped with 
fenugreek (T2) and sweet corn (T7), with values 
of 36.20, 39.65 and 39.75 kg ha-1 respectively; 
whereas, the lowest level of available soil 
phosphorus (20.45 kg ha-1) was recorded in 
turmeric intercropped with marigold (T8). The 
reduction in phosphorus might be due to higher 
foliage producing nature of marigold. The soil 
phosphorus had increased when compared to 
the initial soil phosphorus except in turmeric 
intercropped with marigold (T8). The higher 
available soil phosphorus could also be due to 
the addition of fertilizers. Zhang and Li (2003) 
demonstrated that the interactions between 
different species in intercropped systems, such 
as competition and facilitation, can influence 
the nutrient uptake in plants either enhancing 
or reducing it. 

The data related to exchangeable magnesium 
showed substantial variations among the 
treatments (Table 5). Turmeric sole crop (T1) 
significantly had the highest magnesium 
content in the soil (3.33 meq 100g-1). Whereas, 
the lowest magnesium content (0.60 meq 100g-

1) was in turmeric intercropped with fenugreek 
(T2). The main nutrients for legumes include 
phosphorus, sulphur, calcium and zinc, with 
the plants being able to fix significant amounts 
of nitrogen through biological fixation (Hitsuda 

et al., 2005); whereas, the sole turmeric had 
higher available magnesium in the soil which 
might be due to no competition for nutrients. 
Available sulphur content in soil was significant 
among the treatments (Table 5). Among the 
various treatments, turmeric intercropped 
with aggregatum onion (T4) significantly had 
the highest available soil sulphur content (31.02 
ppm) than turmeric grown as a sole crop (T1), 
intercropped with coriander (T6) and marigold 
(T8). Turmeric intercropped with aggregatum 
onion turmeric intercropped with marigold 
(T4) had a significantly lower uptake of sulphur 
which might be due to lower uptake in this 
system. This might be due to the less foliage in 
onion crop. The higher available sulphur could 
also be due to the addition of fertilizers. 

The data pertaining to Diethylene triamine 
penta acetate (DTPA) extractable iron, copper 
and manganese showed that there was a 
substantial difference among all the treatments 
(Table 5). Turmeric intercropped with 
fenugreek (T2) exhibited the highest available 
soil iron content (66.28 ppm), while the lowest 
levels were in turmeric grown as a sole crop 
(T1), followed by intercropped with vegetable 
soybean (T5) and french bean (T3). For available 
soil copper, turmeric intercropped with 
coriander (T6) had the highest content (2.28 
ppm), with the lowest levels in turmeric grown 
as a sole crop (T1), intercropped with fenugreek 
(T2), vegetable soybean (T5) and sweet corn 
(T7). Regarding soil manganese, turmeric 
intercropped with aggregatum onion (T4) had 
the highest content (41.10 ppm), while the 
lowest content was in turmeric intercropped 
with french bean (T3). Only around 10 per cent 
of the micronutrients present in the soil are 
available in soluble or exchangeable forms for 
plants to absorb (Lake et al., 1984). The acidic 
nature of the soil might have influenced the 
availability of micronutrients in the soil in the 
intercropping systems. Also, the addition of 
organic manures and presence of crop would 
have improved the micronutrient status of the 
soil.
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The data on primary nutrient uptake by 
the pseudostem and rhizome for different 
treatments is presented in Table 6. There was 
no significant difference among the treatments 
in primary nutrients uptake. However, for 
nitrogen uptake, T4 exhibited the highest total 
uptake (154.78 kg ha-1), with 43.45 kg ha-1 from 
the pseudostem and 111.3 kg ha-1 from the 
rhizome, while the lowest total N-uptake was 
observed in T7 (104.56 kg ha-1). Phosphorus 
uptake varied among treatments, with T4 again 
showing the highest total uptake (14.55 kg ha-

1), followed by T5 (13.09 kg ha-1), whereas T2 
had the lowest P-uptake (8.55 kg ha-1). In terms 
of potassium uptake, T4 showed the highest 
total uptake (370.37 kg ha-1) and T7 recorded the 
lowest (182.81 kg ha-1). The absence of variation 
in nutrient uptake across different intercrops in 

Table 5. Chemical properties of soil after harvest

Treatment
N P K Ca Mg S Fe Cu Zn Mn B

(kg/ha) (meq/100g) (ppm)

T1- Turmeric 
(sole crop) 164.83ab 36.20a 232.34bc 2.75 3.33a 21.92ab 20.58d 1.71c 2.53 28.45cd 1.00

T2- Turmeric + 
fenugreek 142.79bcd 39.65a 211.31bcd 2.78 0.60c 5.25d 66.28a 1.78c 1.76 37.40ab 1.28

T3- Turmeric + 
french bean 161.91abc 28.58bc 263.21ab 3.10 1.78b 7.82cd 25.97d 2.06ab 2.36 25.31d 1.06

T4- Turmeric 
+ aggregatum 
onion

127.76d 32.98ab 243.16bc 2.03 2.00b 31.02a 43.38bc 1.82bc 1.81 41.10a 1.14

T5- Turmeric 
+ vegetable 
soybean

134.51cd 24.71cd 223.87bcd 3.35 1.23bc 17.6bc 24.24d 1.75c 2.38 29.68cd 1.18

T6- Turmeric + 
coriander 177.28a 35.31ab 306.32a 2.96 1.28bc 24.18ab 49.86ab 2.28a 2.46 34.45bc 0.82

T7- Turmeric + 
sweet corn 137.32bcd 39.75a 165.43d 3.65 1.57bc 10.33cd 33.78bcd 1.72c 2.34 33.74bc 0.82

T8- Turmeric + 
marigold 123.22d 20.45d 199.15cd 2.77 1.17bc 24.56ab 26.96cd 1.98bc 2.57 30.60cd 1.06

S. Em± 9.84 2.46 20.23 0.43 0.32 3.67 5.69 0.09 0.20 2.04 0.23

CD 29.84 7.45 61.36 1.30 0.97 11.14 17.28 0.27 0.60 6.20 NS

Initial soil 200 23.38 188.28 2.85 1.2 6.59 7.43 0.25 0.9 20.26 0.48

long-duration crop like turmeric indicates that, 
despite the higher yields from intercrops, they 
do not adversely affect the quality or nutrient 
absorption by the main crop. The initial soil 
fertility of the experimental field was assessed 
using a composite soil sample collected before 
the layout of the experiment to characterize 
the overall fertility status of the site. Since 
treatment-wise initial soil samples were not 
collected, the post-harvest soil nutrient values 
presented in this study represent the residual 
nutrient status after harvest. The variation 
in post-harvest soil nutrient status among 
treatments may be attributed to differences 
in nutrient uptake and nutrient removal by 
the component crops, reflecting their distinct 
nutrient requirements and biomass production.
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Table 6. Primary nutrients uptake in turmeric as influenced by intercrops

Treatment
N-uptake (kg ha-1) P-uptake (kg ha-1) K-uptake (kg ha-1)

Pseudostem Rhizome Total Pseudostem Rhizome Total Pseudostem Rhizome Total

T1- Turmeric 
(sole crop) 29.65 85.64 115.29 1.61 11.30 12.91 46.50 300.21 346.71
T2- Turmeric + 
fenugreek 55.83 58.56 114.39 2.12 6.42 8.55 48.66 118.28 166.93
T3- Turmeric + 
french bean 40.60 96.94 137.53 2.79 9.49 12.28 110.52 163.70 274.21
T4- Turmeric 
+ aggregatum 
onion 43.45 111.3 154.78 3.20 11.35 14.55 91.99 278.38 370.37
T5- Turmeric 
+ vegetable 
soybean 23.94 107.4 131.37 1.80 11.29 13.09 61.06 239.39 300.44
T6- Turmeric + 
coriander 45.35 69.58 114.93 2.64 8.91 11.54 76.44 158.54 234.98
T7- Turmeric + 
sweet corn 35.98 68.59 104.56 2.09 8.67 10.76 41.46 141.35 182.81
T8- Turmeric + 
marigold 31.93 79.98 111.91 1.99 8.67 10.67 45.33 110.26 155.58
S. Em ± 14.25 26.13 - 0.71 1.75 - 25.45 49.73 -
CD at 5% NS NS - NS NS - NS NS -

Fig. 2. Economics of different intercropping treatments
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Economics

The highest gross return (₹ 15.70 lakhs ha-1), 
net return (₹ 10.57 lakhs ha-1) with B: C ratio 
(2.06) was in turmeric intercropped with 
aggregatum onion (Figure 2). The higher B:C 
ratio was due to higher yield in this system and 
also additional income from the intercropped 
aggregatum onion. Intercrops like aggregatum 
onion, vegetable soybean and coriander in 
turmeric demonstrated positive results when 
compared to sole turmeric. Moreover, the net 
returns from this study are notably profitable 
and attractive. Least gross return (₹ 8.41 lakhs 
ha-1), net return (₹ 4.0 lakhs ha-1) and B:C ratio 
(0.90) was observed in turmeric intercropped 
with french bean. This is due to less yield and 
returns from the intercropped french bean. 
These results are in agreement with Chitra and 
Hemalatha (2017) who obtained a maximum 
B:C ratio (2.68) in turmeric + bhendi followed 
by turmeric + chilli (2.63).

Correlation

The correlation analysis between various 
nutrient uptake ratios and fresh rhizome yield 
(FY) reveals several significant relationships 
(Table 7). The uptake of nitrogen by rhizome 
showed a positive but moderate correlation 
with FY (r = 0.15), indicating that nitrogen 
uptake is not strongly associated with 
fresh rhizome yield. However, phosphorus 
uptake by rhizome has a stronger positive 
correlation with FY (r = 0.395), suggesting a 
notable influence on yield. Potassium uptake 
by rhizome displays a moderate correlation 
(r = 0.505*), emphasizing its importance for 
fresh rhizome yield. Calcium and magnesium 
uptake by the rhizome also exhibit positive 
correlations with FY, with values of r = 0.503* 
and r = 0.585**, respectively. Iron uptake by the 
rhizome was moderately correlated with FY (r = 
0.547**), while copper had a weaker correlation 
(r = 0.429*), indicating a less pronounced but 
still relevant role in determining yield. Zinc 
did not significantly correlate with FY (r = 
0.113), but manganese had a moderate positive 

relationship (r = 0.379). Overall, nutrients like 
magnesium, sulphur, potassium, calcium and 
iron show the strongest positive relationships 
with fresh rhizome yield, indicating their 
critical roles in enhancing turmeric output. This 
suggests that proper nutrient management 
particularly with these key elements, plays a 
vital role in enhancing the yield of turmeric. 
Total curcuminoids also exhibited a positive 
relationship with some nutrient uptakes and 
fresh rhizome yield, emphasizing the interplay 
between nutrient uptake and the quality 
attributes of turmeric (Thippeshappa et al., 
2013). 

Conclusion

Turmeric intercropped with aggregatum onion 
resulted in the highest fresh rhizome yield per 
hectare accounting for the highest gross and 
net returns with the highest benefit-cost ratio 
of 2.06. Therefore, as an economically viable 
technology and to attain maximum production, 
this intercropping system can be suggested for 
farmers for commercial cultivation of turmeric. 
Alternatively, turmeric with vegetable soybean 
as an intercrop can be recommended for higher 
productivity, better resource use efficiency and 
higher weed smothering efficiency.
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