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ABSTRACT

Increasing world population demands for food, limited natural resources have created the risk of food security for
current and future generations. Intercropping is regarded as an effective strategy in sustainable agriculture. Therefore,
current study was carried out to evaluate the nutrient uptake of onion and fenugreek intercropping system during two
growing season of (2015-2016 and 2016-2017) at a research field in Kerman, Iran. Two factorial experiments based on
completely random blocks design with three replications were carried out. The treatments in this study were including:
onion densities as the first factor (30, 25 and 20 plants m~?) and fenugreek densities as the second factor at three levels
of 25, 15 and 12 plants m? with sole cropping of two species at these densities. Results showed that in the both of
years, mineral concentration and uptake (N, P and K) of onion leaf and bulb and fenugreek in intercropping increased
in comparison with mono cropping for two species. In both years, the highest and lowest nutrient content of onion was
observed in the densities of 30 and 20 plant m™?. In general, it can be said that intercropping systems have some positive

effects on nutrient content and uptake of onion.
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1. Introduction

Onion (A/lium cepa L.) is an important economic
vegetable crop which unique flavor is appreciated
by people in every part of the world. Also, it is one
of the most prominent commercial vegetable crop
grown in Iran and thought to be originated in central
Asia (Anthon & Barrett 2003). Having high mineral
and organic contents, onions are essential for human
health (Raj & Yadav 2005). It has low branched roots,
so needs to supply adequate minerals. Intercropping
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onion with legumes have some advantages as
follows: improved nutrient availability, soil structure,
hormonal effects and reduced pest and disease
incidence through rhyzodeposition. Fenugreek
(Trigonella foenugraecum L.) is an annual crop
from Leguminosae, being used as condiment and
dried leaves to prepare spice. The vegetative parts
are also rich in vitamins A, B and iron. In addition to
fixing nitrogen, forming a cover on the soil surface,
it hinders weeds growth and diminishes soil erosion
(Basch et al 2003).
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Intercropping is a crop management system
which involves two or more economic species
grown together for at least a part of their respective
productive cycle and planted sufficiently close to
each other, so that inter-specific competition can
occur (Ouma & Jeruto 2010). The main advantage
of intercropping is the more effective usage the
available resources, reduced the nutrients leaching,
keeping the soil fertility and enhanced productivity
as compared the sole crop cultivation (Lithorgidis
et al 2011). A significant reason for intercropping is
the improvement and maintenance of soil fertility
and increasing the productivity per unit of land
(Pozdisek et al 2011). Intercropping enhances soil
fertility via biological nitrogen fixation of legumes,
improves the soil protection through more ground
cover than sole cropping, and provides better lodging
resistance for crops vulnerable to lodging than when
grown in monoculture (Ouma & Jeruto 2010). A
legume, grown in associated to other crop, especially
with a cereal, have normally more productivity in
cropping systems (Kamran Khan et al 2015). Thus
modern farming system intercropping implies a
key strategy for sustainable agriculture (Jackson et
al 2007). Intercropping is a way to introduce more
biodiversity into agro-ecosystems and the results
obtained from intercropping studies indicate that
increased crop diversity could increase the number
of ecosystem services provided (Lithourgidis et al
2011). Enhancing productivity via more effective
use of available resources (light, water, fertilizer,
etc.) is possible through intercropping which leads
to diminished weed pressure and plant health
protection (Hauggaard-Nielsen et al 2003; Banik et
al 2006).

Inorganic nutrients including nitrogen (N),
phosphorus (P) and potassium (K) are fundamental
macronutrient for growth and development of all
living organisms. Being absorbed in large amounts,
nitrogen contributes significantly to raise the onion
production (Myaka et al 2006). Phosphorus plays
a vital role in cellular energy transfer, respiration,
photosynthesis and root development (Alam et al
2016). In soils which are contain moderately low
P, onion growth and yield can increase by applied

P. The beneficial effect of potassium can be found
in different traits of agricultural products, such as
photosynthesis, translocation of photosynthesis,
regulation of plant, activation of plant catalysts
and resistance against pests and disease (Malavolta
2006). There are many studies demonstrating
the superiority of intercropping legumes include
intercropping wheat with soybean (Lithourgidis et
al 2011), wheat with fenugreek (Wasaya et al 2013)
and maize with soybean (Owusu & Sadick 2016).
Also intercropping of legume crop (pigeon pea) in
maize added up about 60 kg N ha'' and improves the
fertility status of soil (Myaka et al 2006). Therefore,
the objective of this study was to evaluate the
intercropping system effect and density on plant
nutrient concentration and uptake of onion and
fenugreek.

2. Material and Methods

Two experiments were conducted during two
successive growing seasons (2015-2016 and 2016-
2017) in Agricultural Research Center; Kerman,
Iran. (31°7' N, 57°14" E and 1749 MASL). Some
properties of soil were shown in Table 1. A factorial
set of treatments was arranged within completely
randomized blocks design (RCBD) with three
replications. Intercropping pattern was additive
series. The first factor was three onion distance (8,
10 and 12 cm) for densities (300000, 250000 and
200000 plant ha'), and the second factor comprised
of fenugreek distance (10, 15 and 20 cm) for plant
populations 0f 250000, 150000 and 120000 plant ha!
in both intercropping and mono cropping system.
Fertilization was done according to soil analysis
results and nutritive requirement of species. Any
insect, pest and disease infections were not seen in
the experimental field. In the present study, onion
seed cv. ‘Rossen’” were planted in nursery, onions
forty-five day old onion seedlings and fenugreek
seeds were planted in the right side and fenugreek
seed was sown in the opposite side of rows, by
hand in December 2015 and September 2016 in
intercropping treatment. Each single crop in the
mono treatments was cultivated in the same site
of lateral. All other agronomic operations except
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those under study were kept normal and uniform
for all treatments. The fenugreek was harvested
when plants reached the peak of vegetative growth,
with marketable 2 and 4 month after planting
before flowering. Onion bulbs were harvested 4
month after transplanting (when 80% of onion
leaves had fallen). At maturity, five plants from
each plot were collected randomly to determine
parameters. The plant sample (leaf and bulb) of
onion and (shoot) of fenugreek were collected
from each plot and were dried for 48 hrs in hot
air oven at 65+5 °C. Finally ground samples were
passed through 0.5 mm mesh sieve and were used
for chemical determination of nitrogen, phosphorus
and potassium. The concentrations of potassium and
phosphorus were determined by nitric perchloric
and nitric acid digestion methods. Phosphorus
was measured by the vanadate- molybdate method
using a spectrophotometer HITACHI U-1100 at
wavelengths of 430 nm and nitrogen was measured
by the spectrophotometer HITACHI U-1100 at
wavelengths of 650 nm that involved changing the
form of organic nitrogen to the ammonium (NH4")
form with concentrated sulfuricacid and then
measuring the amount of ammonium production
(Baethgen & Alley 1989), and K was determined
using a flame photometer (Model 405G) methods
described by (Cottenie 1980).

Nutrient uptake= Nutrients contents (mg) x Dry weight (g)

Statistical analysis: Analyses of variance were
applied to the data using SAS (Statistical Analysis
System) version 9.1. And Excel software was used
to draw figures. Then, means were compared by
Duncan’s multiple range test.

3. Results and Discussions

A: Onion, According to the results, the year
effect on nutrient concentration and uptake was
significant (P<0.01) (Table 2). In the first year,
leaf and bulb concentrations (N, P, K) of nutrient
in onion were higher than the second year (Table
3). In the second year, nutrient uptakes were higher
than the first. Average temperature and rainfall
data (Table 4) clearly show that in the second
year, high temperatures at the early planting of
onion affected on root growth and morphology of
plants, and resulted in higher nutrient uptake by
onions. Soil temperature has long been thought as
a prominent ecological factor which determines a
variety of structural and functional characteristics
in managed and natural ecosystems. In some
ecosystems, the root zone temperature is the most
important factor in determining net primary
productivity (Risser 1985). Soil thermal regime has
a dramatic effect on root growth and morphology.
(Camilia 2001) discovered that the mineral status
depends on some environmental factors including
temperature, rainfall, parent material, plant species,
and fertilization practice. The exact mechanism for
temperature-induced changes in nutrient uptake
capacity is not clearly understood. Root-zone
temperature might affect nutrient absorption
capacity by changing fluidity of the fatty acids in
root plasmalemma. The most notable are the direct
effects of soil temperature on biogeochemical
processes that regulate N and water availability in
the soil (Parsons et al 1994).

Nutrients concentration (N, P, and K): The
effects of onion and fenugreek densities on N, P
and K concentration were significant (P<0.01)
and (P<0.05). Nutrients concentration in leaf was

Table 1- Some physicochemical properties of soil before sowing (depth: 0-30 cm) in 2015-2016 and 2016~

2017 seasons

. Organic carbon EC Total N P K

Years Texture  Sand  Silt Clay %) pH (dsm") %) (mgkg!)  (mgkg")
2015-2016  loam 45.72 28.88 25.40 0.41 7.60 1.30 0.02 8.40 175
2016-2017  loam 46.20 28.20 25.60 0.23 790 1.26 0.03 9.40 200
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Table 2- Analysis of variance of intercropping onion and fenugreek on mineral concentration and uptake
by plant

Sou.rce. of df Concentration Uptake
variation NLeaf  NBulb PLeaf  PBulb  Kleaf KBulb N P K
Year (y) 1 1.200" 3.900" 0.060" 0.920 5.12° 5.03" 52093.17" 1133.09" 131659.00
Error 4 0.040 0.130 0.017 0.002 0.55 1.25 276.50 7.11 530.90
Onion (A) 2 0.660" 0.110ns 0.017 0.019" 1.22° 485" 820.65"  48.49" 4855.20™
Fenugreek(B) 3 0.450” 0.820  0.110™  0.037" 8.74™ 551" 454.60 10.32" 2058.60"
AxB 6 0.070ns 0.070ns 0.003ns 0.009ns 096ns 0.39ns 310.85ns 7.94 ns 598.70 ns
YxA 2 0.011ns 0.006ns 0.001ns 0.006ns 0.40ns 0.11ns 11.06 ns 4.77 ns 247.80 ns
YxB 3 0.010ns 0.160ns 0.006ns 0.029™ 1.25"° 0.03ns 244.49ns 4.33ns 1474.40
YxAxB 6 0.0l10ns 0.060ns 0.003 0.010ns 0.26ns 0.20ns 440.43ns 9.36 ns 264.00 ns
Error 44 0.060 0.080 0.004 0.005 0.43 0.92 229.36 4.90 387.30
Cv (%) 5.770 8.730 9.480 15.390 9.22 25.69 1943 17.60 18.30
* ¥ significant at P<0.05, P<0.01 respectively; ns, not significant
Table 3-The effect of years on mineral concentration and total mineral uptake of onion
Seasons Concentration (mg g' DW) Uptake (mg DW plant’)  Uptake (kg ha™')
N Leaf N Bulb P Leaf P Bulb K Leaf K Bulb N P K N P K
Y, (year) 450a 3.52a 0.70b 0.60a 7.37a 4.0la 51.04b 8.62b 64.61b 1532b 2.64b 2022b
Y,(year) 424b 3.05b 0.76a 0.38b 6.84b 3.48b 104.83a 16.55a 150.10a28.34a 4.48a 40.57a
Means with similar letter in each column are not significantly (P<0.05) different by Duncan Multiple Range test
Table 4- Average temperature and rainfall during growth seasons
2015-2016 2016- 2017
Date Temperature (°C)  Rainfall (mm) Date Temperature (°C)  Rainfall (mm)
December 13.5 59.8 September 29.2 0.0
January 13.7 0.2 October 22.4 0.0
February 19.6 4.0 November 16.0 8.3
March 24.8 7.6 December 15.0 0.0
April 29.7 0.8 January 13.3 148.1

decreased by increasing onion density (Table 2).
N, P and K maximum and minimum content in leaf
were observed at densities of 20 and 30 plants m?,
respectively (Table 5). No significant difference
observed in bulb N concentration among onion
densities (Table 2). While, the highest and the lowest
P and K concentration of leaf and bulb were recorded
in densities of 20 and 30 onions per m?, respectively

(Table 5). Also, N, P and K concentration of bulb
and leaf were increased by intercropping onion
with fenugreek as this trait was more at various
densities of fenugreek compared to onion mono
cropping. However, the effect of various densities
of fenugreek on N, P and K concentration of bulb
and leaf were statistically similar (Table 5). Also the
interaction effect of year and fenugreek density had
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a significant effect on the P concentration of bulb
and K concentration of leaf (Table 2). The lowest
P concentration of leaf and bulb were obtained in
density of 0 fenugreek (sole cropping of onion),
while P concentration of bulb was increased by
intercropping onion with fenugreek as this trait was
more at various densities of fenugreek compared
to onion mono cropping in the first year. However,
the effect of various densities of fenugreek on P
concentration of bulb was statistically similar in the
second year (Figure 1). The highest concentration
of K (824 mg g' DW) was obtained under
intercropping with 12 plants m? fenugreek in the
first year, and the lowest concentration of K (5.78
mg g' DW) was observed in (sole cropping) of
onion in the second year (Figure 2).

Nutrient Uptake: The effects of onion and
fenugreek densities on nutrient uptake of onion
were significant (P<0.01) and (P<0.05), respectively
(Table 2). Increasing onion densities, nutrient
uptake by plant was decreased. The maximum and
the minimum uptake of nutrient were observed
at densities of 20 and 30 plants m?, respectively
(Table 5). Also, nutrient uptake was increased by
intercropping onion with fenugreek as this trait was
more at various densities of fenugreek compared to
onion mono cropping. However, the effect of various
densities of fenugreek on nutrient uptake of onion

ub

" a be Hawc ®anbe
| I I I

Fenugreek density (plant m)

Years
myear |

year 2

Bulb P (mg g' DW)

Figure 1- The interaction effect of year and
fenugreek on P concentration of onion bulb
® abi ab " abm ab

g ’
] I | I I

Fenugreek density (plant m?)

Years

myear |

year 2

Leaf K (mg g"' DW)

Figure 2- The interaction effect of year and
fenugreek densities on K concentration of onion leaf

was statistically similar. Also the interaction effect
of year and fenugreek density on the K uptake was
significant (Table 2), the highest (172.16 mg plant™!)
was obtained under intercropping with 12 plants
m? fenugreek in the second year, and the lowest K
uptake was related to densities of 0 (sole cropping)
onion and was statistically similar in the first year
(Figure 3). The results show uptake ha' values
(Table 6); high densities of two crops confirms to the
highest uptake ha' (26.14, 4.67 and 38.02 kg ha™)
for N, P and K recorded in combination treatment

Table 5- Effect of intercropping of onion and fenugreek on the mineral content and total mineral uptake

of onion
Density Concentration (mg g' DW) Uptake (mg DW Plant™)
(plants m?) N Leaf ~ NBulb  PLeaf P Bulb KLeaf KBulb N P K
Onion

30 4.27b 324a 0.70b 046D 6.85b 3.26b 72.03 b 11.17¢  9298c¢
25 4.27b 325a 0.73ab  0.50 ab 720ab 3.83a 78.06ab 12.56b  107.72b
20 4.56 a 336a 0.75a 0.52a 7.27 a 4.14a 83.72 a 140la 12142a

Fenugreek
0 4.16 b 2.97b 0.61b 044D 6.08b 292b 71.01b 11.78b  99.03 b
25 4.38a 338a 0.75a 049D 7.38a 4.10a 77.87ab 1224 ab 108.15 ab
15 4.50 a 333a 0.77a 048D 735a 391a 80.10ab 12.78 ab 112.02 ab
12 338a 345a 0.78a 0.55a 7.6l a 4.03a 82.75a 13.54a 120.29a

Means with similar letter in each column are not significantly (P<0.05) different by Duncan Multiple Range test
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of 30: 25 plants m™ onion and fenugreek at mean
of two years, while the lowest uptake ha' (14.99,
2.63 and 22.11 kg) for N, P and K was found in
sole cropping treatment with 20 plants m= (onion)
density for mean of years. Soil nutrient which were
absorbed by plant is a crucial resources for plant
metabolism, especially to build cell structure and
plant grows and development. Nutrient absorption
in plant roots, therefore will be similar with the
nutrient in plant tissue and it correlates positively
with organic compound which was resulted from
plant metabolism (Alam et al 2016). Onion is more
vulnerable to nutrient shortages than most crop
plants because of their shallow and unbranched
root system; therefore, they cannot maintain
adequate nutrients uptakeing such as phosphorous
and potassium which are known to diffuse slowly
through the soil solution (Brewester 1994). Different
nutrients (N, P and K) uptaking by leaves and bulbs
of onion influenced by intercropped fenugreek. In
intercropping system, root interactions could raise
the root extent and microbial activity in rhizosphere
(Zhang et al 2013). Inter- specific interaction in
rhizosphere compositely affects nutrient availability
and uptaking in intercropping system (Hauggard-
Nielsen 2003; Li et al 2010). Intercropping onion
with fenugreek increased the N, P and P content
in leaf and bulb and total uptake N, P and K. This
was probably due to higher nitrogen fixation by the
bacteria causing more utilization of all the nutrients
by crop thus lead to more N, P and K content in
leaf and bulb. Studies have presented advantages of
intercropping with legumes including tomato with
common bean (Abd El-Gaid et al 2014), Barely with
fenugreek (Kamran Khan et al 2015), and wheat
with fenugreek (Wasaya et al 2013). Nutrient uptake
was significantly influenced by cropping systems
where onion plants were more nutrient uptake in
plots that had onion intercropped with fenugreek
at wider spacing compared with other treatment.
This could have been contributed by the fixed
nitrogen which improved the plant nutrient uptake
over other treatments. Although intercropping at
narrower spacing also had fixed nitrogen, but the
plant was strong completion which led to increase
nutrient uptake (Table 5). Also, low densities

of onion plant leads to reduction in competition
between onion and fenugreek plants for resources
and enhances soil fertility via atmosphere nitrogen
fixation into the soil (150 tons year'). Legumes
increases soil conservation through more cover
on ground than sole cropping (Oroka & Omoregie
2007). Results indicated that maize and soybean
intercropping caused an increase in phosphorus
(5.25 mg kg') (Owusu & Sadick 2016). (Zhang et
al 2009) studied the effects of maize- peanut and
stated that intercropping could increase soil bacteria
in the both of maize and peanut root zones. Also,
improved uptake of N, P and K nutrients might be
attributed to higher dry matter accumulation with
density decrease leading to higher uptake of N, P
and K. Similar results of increased uptake of N,
P and K due to wider row spacing were reported
by (Thavaprakaash & Velayudham 2007) in baby
corn. The increase in the onion density enhanced
the uptake of plants ha' (leading to an increase in
uptake). In general, the more N uptake, the more
crop tendency to absorb more P and K. This is
similar to the findings of (Rathika 2013) in maize.
(Gahoonia et al 2006) stated that plant nutrients such
as (K) and (P) mostly remain fixed in soils and their
bioavailability to plant roots is diffusion- limited.
The increased uptake of nutrients is possibly due
to higher photosynthetic rate and nitrate reductase
activity led to better uptake of N by the crop.
Generally, when the uptake of N is more, the crop
would have a tendency to absorb more P and K. This
is in line, these findings are in accord with those of

(Kumar Dubey et al 2012).
<o ? ab
z ab b
:EJ; - - Years
\Ef e ¢ " q 9 ® Year |
1
TR
2
=
M

Fenugreek density (plant m?)

Figure 3- The interaction effect of year and
fenugreek on K uptake of onion

B. Fenugreek, The result revealed that the effect
of onion and fenugreek density were significant
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Table 6- The effect of intercropping onion with fenugreek on the N, P and K uptake at two years

Treatments Uptake (kg ha')

(Onion: Fenugreek) — Mean of two years N Mean of two years P Mean of two years K
Density 30 18.91 cd 3.05¢cd 2422 ¢
Density 30: 25 26.14a 4.67a 38.02a
Density 30: 15 2577 a 4.00 abc 35.19a
Density 30: 12 25.20 ab 4.13 ab 31.81 ab
Density 25 18.80 cd 2.97 c¢d 23.88 ¢
Density 25: 25 24.70 ab 3.73 abc 32.22 ab
Density 25: 15 24.49 ab 3.86 abc 3596a
Density 25: 12 20.58 be 3.33 bed 31.35ab
Density 20 14.99 d 2.63d 2211c¢
Density 20: 25 21.73abc 3.66 abc 31.97 ab
Density 20: 15 22.51 abe 3.69 abc 32.14 ab
Density 20: 12 18.19 c¢d 2.95cd 25.84 be

Means with similar letter in each column are not significantly (P<0.05) different by Duncan Multiple Range test

on mineral content and total mineral uptake of
fenugreek (P<0.01) in intercropping of onion and
fenugreek. Fenugreek means comparisons (Table
7) revealed that the highest uptake plant ha' was
related to 25 plants m? density and there was no
significant difference in content and uptake by
plant among fenugreek treatments. In intercropping
system, the maximum mineral content of fenugreek
was obtained under mono cropping (sole fenugreek),

while no significant difference was observed in
intercropping treatments. In contrast, the minimum
total mineral uptake of fenugreek was obtained
under mono cropping (sole fenugreek), while there
was no significant difference in uptake among
intercropping treatments (Table 7). Also, effects
of onion and fenugreek densities interactions were
significant on P and K uptake of fenugreek (P<0.05).
The highest fenugreek P and K uptake were observed

Table 7- The effect of intercropping of onion and fenugreek on the mineral content and total mineral uptake

of fenugreek
Density Concentration (mg g' DW) Uptake (mg DW Plant™)
(plants m?) N P K N P K
Fenugreek
25 4.69 a 0.79 a 7.71 a 18.10a 3.04a 29.75 a
15 481 a 0.77 a 793 a 15.65a 2.58a 26.15a
12 479a 0.78 a 7.96 a 19.50a 3.24a 3287a
Onion
0 5.15a 0.84a 843 a 1290b 2.12b 21.20b
30 4.56b 0.77b 7.63b 1894a 3.10a 31.32a
25 4.63b 0.75b 7.71b 1991a 3.35a 3401 a
20 4.72b 0.76 b 7.70 b 193la 325a 31.83a

Means with similar letter in each column are not significantly (P<0.05) different by Duncan Multiple Range test
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in intercropping with 15:25 (fenugreek: onion)
densities, while the lowest fenugreek P and K uptake
were recorded mono cropping (sole onion) (Figure 4
and 5). Legumes are distinguished to fix atmospheric
nitrogen into the soil, thus enriching soil fertility,
and help to satisfy the N needs of cereals. Fenugreek
being leguminous crops did not compete with onion
for N for its growth and development besides, fixing
of atmospheric N in soil. Also, onion and fenugreek
have different root depths and architectures as
well as different requirements for soil N, P and K.
Fenugreek roots act as a source of nitrogen for plant
as a result enriches the soil with nitrogen. Therefore,
increase in the nutrient concentration of fenugreek
was associated with increase in uptake of these
nutrients in fenugreek. This can again be supported
by synergistic uptake mechanism of N, P and K and
their assimilation which is manifested in the form
of increase in yield along with higher nutritional
demand for plant growth. These results are in close
conformity with findings of (Tuncturk et al 2011).

w
)

IS

Fenugreek
densities
(plant m?)

w

m12
15
m25

[N]

[

P uptake (mg plant DW)

o

0 20 25 30
Onion density (plant m2)

Figure 4- The interaction effect of onion and
fenugreek on P uptake of fenugreek

w
o
)

Fenugreek
densities

(plant m2)

N
o

w
o

w12
15
m25

N
o

=
o

K uptake (mg plant’! DW)

o

0 20 25 30

Onion density (plant m2)

Figure 5- The interaction effect of onion and
fenugreek on K uptake of fenugreek

4. Conclusions

This study was conducted in order to evaluate the
effects of densities of onion and fenugreek in mono
cropping and intercropping systems. According to
the results, indicated that the mineral content and
total mineral uptake by onion was increased when
onion was intercropped with fenugreek. Therefore,
the onion-fenugreek intercrop would be suitable
to small-scale farmers who do not have adequate
resources for purchase of chemical nutrients.
The system would also be very ideal for organic
vegetable production, in which chemical application
is not desirable.
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