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Abstract: In order to evaluate the response of pinto bean and black mustard
intercropping to application of biological and chemical nitrogen fertilizers, a
factorial set of treatments was arranged within randomized complete block
design (RCBD) with three replications. In this experiment, fertilizer treatments
were non-fertilizer, bio-fertilizers, bio-fertilizers + 50% chemical urea fertilizer
(125 kg/ha) and bio-fertilizers + 100% chemical fertilizer (250 kg/ha). The crop-
ping patterns comprised pure stands of bean and black mustard, additive inter-
cropping with a ratio of 50% black mustard + optimum density of pinto bean
mono cultures and an additive intercropping with optimum density of two
species in mono cultures. Application of bio-fertilizers and chemical fertilizer
increased most of the agronomic traits in pinto bean and black mustard plants.
The bio-fertilizers + 100% of urea followed by bio-fertilizers + 50% of urea were
the superior treatments, compared with other fertilizers. Evaluation of inter-
cropping patterns with using land equivalent ratio (LER), relative yield total
(RYT), relative value total (RVT) and relative crowding coefficient (RCC) indices
showed that the highest LER and RYT were recorded for bio-fertilizer + 100%
chemical fertilizer treatment. The highest RVT and RCC were obtained from
control treatment (non-fertilization) in inter-cropping (optimum density of two
species). Based on the LER, RVT, RYT and RCC indices, it was evident that inter-
cropping of pinto bean and black mustard was more beneficial than mono cul-
tures. Therefore, it was generally concluded that intercropping pattern was bet-
ter than monocultures of two species at different levels of fertilizers and also
bio-fertilizers application could increase efficiency of chemical fertilizer. Thus,
bio-fertilizers + 100% chemical fertilizer and intercropping of pinto bean and
black mustard was the better treatment.

1. Introduction

To increase the efficacy of crop production, improve soil fertility and
environmental protection, an alternative cropping system could be need-
ed (Kiminami et al., 2010). Intercropping is a method for moving towards
sustainable agriculture and environmental protection (Habimana et al.,
2019; Moghbeli et al., 2019). One of the farming practices is concurrent
cultivation of two or more crops in the same field which is experienced in
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many regions of the world (Tiizel and Oztekin, 2017).
Some reasons have been identified for farmers
engaging in intercropping which are still valid today.
First, it leads to increase in the utilization of environ-
mental factors. This has both space and time dimen-
sion.

Plants are different in rooting habitat and have
different nutrient requirements. Thus, the intercrop-
ping of plants can increase the utilization of nutri-
ents, water and light. Also, intercropping can lead to
reduction of adverse conditions in the agroecosystem
(Lithourgidis et al., 2011). Intercropping may also
lead to better soil management because of the fact
that may crops overlap in terms of the time they are
in the soil. Other economic reasons such as depend-
ability of returns and increased returns from the
same piece of land may make farmers adopt inter-
cropping (Alabi and Esobhawan, 2006). Watikai et al.
(1993) and Willy (1990) confirmed that increasing the
yield of biomass in intercropping is due to the more
absorption of light. The highest performance is
achieved when intercropping canopy is composed of
two layers: (1) tall plants with narrow leaves and high
photosynthetic capacity; (2) dwarf plants with lying
leaves and low photosynthetic capacity. In general,
the productivity in intercropping is more than sole
cropping (Raei et al., 2015).

Among nutrient elements, nitrogen is an impor-
tant nutrient and has vital functions in plant growth
and development. Nitrogen deficiency imposes most
limits on crop production compared to other nutri-
ents. With large areas of the arable land in Iran being
located in arid and semiarid regions, most of them
face low organic matter content as well as nitrogen
deficiency and also, to achieve an economically
sound production, nitrogen plays a significant role in
these regions (Joorabi et al., 2015). On the contrary,
slow-release nitrogen fertilizers are effective and
inexpensive alternative to soluble N (Jiao et al.,
2005). The vyield of pea in intercropping of pea and
wheat increased by application of slow release nitro-
gen fertilizer (Abbady et al., 2016). In all around of
the globe, for achieved high yield of plants, the
chemical fertilizers are extensively being used.
However, this type of fertilizers has devastating
effects on the health of the soil animals. A better
alternative of these chemicals might be to exploit the
microbial capabilities to be served as bio-fertilizer
(Tomer et al., 2016). Bio-fertilizers colonize at the rhi-
zosphere and improve nutrient accessibility of plants
and increase the growth of plants. Microorganisms
residing in rhizosphere immensely facilitate trace ele-
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ment’s uptake. They may act as biocontrol agent, by
means of antagonistic activity against phytopatho-
genic microorganisms, interfering in the bacterial
guorum sensing systems, etc. However, bio-fertilizers
perform more than one mechanism for accomplish-
ing plant growth enhancement (Kumar et al., 2014;
Dutta and Patel, 2016).

Black mustard is an important oilseed crop. It is
often grown as an intercrop or mixed crop either
with pulses or cereals crops, but its productivity is
very low due to improper combination (Kumar et al.,
2014). Bean is also one of the most important food
supplements for human, and its protein content is
rich (Arija et al., 2007). It is also tolerant to shadow
and can be planted in intercropping system and
grows well. It can increase the soil nitrogen by nitro-
gen fixation (Kowal and Kassam, 1978). Intercropping
of legumes with non-legumes increases yield per unit
area, because they use different nitrogen sources
and have low competition for nitrogen (Haugard-
Nielsan et al., 2001). The importance of this pulse
crop is based on its good nutritive composition and
its high market value, which mainly depends on the
consumption quality of the product (nutritional and
culinary quality of either the seed or the pod). Thus,
the present investigation was carried out to study
pinto bean and black mustard responses to bio-fertil-
izers and chemical nitrogen fertilizer, intercropping
system and interaction of intercropping system x
nitrogen fertilizer.

2. Materials and Methods

Field conditions

The experiment was conducted in 2016 at the
Research Farm of the Faculty of Agriculture,
University of Tabriz, Iran (Latitude 38°05' N,
Longitude 46°17’ E, Altitude 1360 m above sea level
with the mean annual rainfall of 285 mm). Some
physical and chemical properties of soil in experi-
mental area and averages of maximum and minimum
temperatures and rainfall during the work in 2016
were shown in Table 1.

Experimental design and treatments

A factorial set of treatments was arranged with
three replications. In this experiment, fertilizer treat-
ments were control (non-fertilizer), bio-fertilizers
(azotobarvar 1 and barvar 2), bio-fertilizers + 50% the
recommended chemical urea fertilizer (125 kg/ha)
and bio-fertilizers + 100% chemical fertilizer (250
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Table 1 - Some physical and chemical properties of experimental soil and averages of maximum and minimum temperatures and rain-

fall during the work in 2016

Physical and chemical properties of experimental soil

Depth EC on 2;%22': N P K Fe Ca Sand silt Clay  itoe
(em)  (ds/m) o % (meke) (me/ke) (me/ke) (mele) (%) (6) (%) P
0-35 277 775 037 004  4.90 255 2.60 780 74 14 12 Slzgfny
Averages of maximum and minimum temperatures and rainfall
Months
Temperature (°C) Rainfall (mm)
April 9.4 78.2
May 16.9 13.5
June 22 14.8
July 28 0
August 29.4 15
kg/ha). Azotobarvar 1 contains the azoto bacter- v o4y
vinelandii (strain O4) and barvar 2contains the pan- LER= "pb = bp
toea agglomerans (strain P5) and pseudomonas puti- Yo v,

da (strain P13). The cropping patterns comprised
pure stands of bean and black mustard, additive
intercropping with a ratio of 50% black mustard +
optimum density of pinto bean mono cultures and an
additive intercropping with optimum density of two
species in mono cultures.

Measurements

Yield and yield components. At maturity and when
the moisture content of seeds decreased by about
18%, 10 plants were harvested from each plot and
100 grains weight of pinto bean and black mustard
were recorded. Also to determine of grain and bio-
logical yields, an area equal to 1 m? was harvested
from middle part of each plot considering marginal
effect and dried in an oven at 75°C for 48 hours.
Subsequently, biological and grain yields per unit
area were determined. Harvest index was calculated
by the following equation:

Harvest index = (Grain yield/Biological yield) x 100

Evaluative indices of intercropping

Land equivalent ratio (LER), as an agronomic
index, indicates the efficiency of intercropping for
using the resources of the environment compared
with mono cultures (Mead and Willey, 1980). The
value of unity is the critical value. When the LER is
greater than one, the intercropping improves the
growth and yield of the cultivars. In contrast, when
LER is lower than one the intercropping negatively
affects the growth and yield of the plants grown in
mixtures (Caballero et al., 1995). The LER was calcu-
lated as:

where Yp and Y, are the yields of pinto bean and
black mustard, respectively, as sole crops and Ypband
Y,, are the yields of pinto bean and black mustard,
respectively, as intercrops.

Relative value total (RVT) as an economic index
proposed by Schultz et al. (1982).

This index is widely used now and has been used
by many researchers. The RVT was calculated as:

RVT = aP_ +bP,

aM.
where, P_ and P, are the yields of two different crops
in intercropping and M, and M, are the yields of
those of these crops in monocultures (M > M,). Also,
a and b are the market prices of crop 1 and 2 respec-
tively.

If the RVT >1, the mixture crop has the advantage
and if the RVT <1, pure stand will have an economic
advantage. If RVT =1, then these two methods are
not economically advantageous to each other.

Relative yield is the ratio of the species response
in the mixture to the species response when grown in
monoculture. Relative yield total (RYT) is the total RY
of the two associated species, as shown in below:

RYT = RYa + RYb
RYa =Ya in mixture /Ya in monoculture
RY, = Yb in mixture /Yb in monoculture

A RYT of 1 indicates that species A and B are mak-
ing demands on the same resources. If RYT is <1, this
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shows antagonism between species A and B. If the
RYT is >1, the yield of the mixture is greater than that
of the single and is preferred.

The Relative Crowding Coefficient (RCC) is a mea-
sure of the relative dominance of one species over
the other in a mixture (De Wit, 1960). The RCC was
calculated as:

RCC = (Y, /Y /Y, /¥,

where Yp and Y, are the yields of pinto bean and
black mustard, respectively, as sole crops and Ypb and
pr are the yields of pinto bean and black mustard,
respectively, as intercrops.

If RCC= 1, the amount of crop in the mixture will
be equal to monocropping. Also, if RCC <1 indicates
that the amount of the product in the mixture has
decreased relative to solecrop and if RCC >1, the
yield of the mixture is higher than that of pure stand
of crops and the mixing is beneficial.

Statistical analysis

Analyses of variance for data based on theexperi-
mental design and comparison of means (Duncan
multiple range test) at p<0.05 were carried out, using
MSTATC software. Excel software 2013 was used to
draw figures.

3. Results

Analyses of variance showed significant effects of
cropping pattern and fertilizers on 100 grains
weight, biological and grain yields per unit area of
pinto bean and also biological and grain yields per
unit area of black mustard. 100 grains weight of
black mustard was significantly affected by fertilizer

treatments and interaction of cropping pattern x fer-
tilizers (Table 2).

The highest 100 grains weight, biological and grain
yields per unit area of pinto bean and grain yield of
black mustard were achieved in pure stands of bean
and black mustard and also inbio-fertilizers + 100%
chemical fertilizer (urea). Maximum biological yield
of black mustard was achieved inpure stands of black
mustard culture, but there were no significant differ-
ences with additive intercropping with optimum den-
sity of two species in mono cultures treatment. Also,
maximum of this trait was achieved in bio-fertilizers +
100% chemical fertilizer (urea) but, there were no
significant differences with bio-fertilizer + 50% chem-
ical fertilizer (Table 3).

Significantly, maximum 100 grains weight of black
mustard in different cropping patterns was observed
in intercropping with a ratio of 50% black mustard +
optimum density of pinto bean mono cultures and
bio-fertilizers + 100% chemical fertilizer (urea).
Generally, in other cropping patterns there were no
considerable differences between fertilizer treat-
ments (Fig. 1).

Evaluation of intercropping efficiency of treat-
ments indicated that land equivalent ratio (LER) is >1
in all intercropping and fertilizer treatments and this
showing the superiority of intercropping compared
to single cropping. Maximum of LER and relative yield
total (RYT) were attended in optimum density of two
species and bio-fertilizers + 100% chemical fertilizer
(urea). Maximum relative value total (RVT) is related
to optimum density of two species with non-fertiliz-
er. Maximum of relative crowding coefficient (RCC)
was related to non-fertilizer treatment in 50% of
optimum density of two species in pinto bean and
optimum density of two species in black mustard
(Table 4).

Table 2 - Analysis of variance of the agronomic traits in pinto bean and black mustard under different cropping patterns and fertilizer

treatments
Mean Square
Pinto bean (Phaseolus vulgaris L.) Black mustard (Brassica nigra L.)

Source df

100 grains  Biological Grain Harvest 100 grains  Biological Grain Harvest

weight yield yield index weight yield yield index

Replication 2 72.94 3680597 1131685 2.03 0.01 1786035 157796 2.60
Cropping pattern 2 79.10 ** 40310058 ** 9924157 ** 0.70 ns 0.01ns 122550980 ** 1961700 ** 5.77 ns
Fertilizer (F) 3 140.98 ** 37336605 ** 9970014 **  17.55Ns 0.14 * 24340924 ** 832223 ** 2.44 ns
CxF 6 478 Ns 989636 NS 236278 Ns 6.49 Ns 0.17 ** 8957965 Ns 11308 Ns 6.06 Ns
Error 22 2.75 559597 133108 10.29 0.04 5045637 21412 3.77
Cv % - 5.23 16.85 16.27 6.40 4.46 17.12 8.53 14.59

Ns, * and **: non-significant and significant at p<0.05 and p<0.01, respectively.
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Table 3- Means of the agronomic traits in pinto bean and black mustard under different cropping patterns and fertilizer treatments
Pinto bean (Phaseolus vulgaris L.) Black mustard (Brassica nigra L.)
Treatment ; ; ; ; ; ; ; ;
100 grains weight  Biological yield L Biological yield -
Grain yield (kg/ha Grain yield (kg/ha
(@) (ke/ha) vield (ke/ha) (ke/ha) vield (ke/ha)

Cropping pattern

C1 34.08£5.83 a 6505.70+ 80.65 a
Cc2 32.19+5.67 b 3793.90+ 61.59 b
c3 29.0045.38 b 3013.80+ 54.89 ¢
Fertilizer treatments

F1 26.54+5.15 d 2117.40+ 46.01d
F2 31.23£5.58 ¢ 3537.50+ 59.47 ¢
F3 33.37+5.77b 5138.70+ 71.68 b
F4 35.87+£5.98 a 6777.60+ 82.32 a

3269.90+57.18 a
1911.80+43.72 b
1543.10+ 39.28 ¢

1048.90+ 32.38 d
1771.20+42.08 ¢
2688.20£51.84 b
3458.10+ 58.80 a

15181.70+123.21a
9437.90+97.14 b
14737.50+121.39 a

11022.00+ 104.98 ¢
12606.00+ 112.27
14266.00+ 119.44 3
14581.00+120.75 a

2066.60+ 45.45 a
1272.60+ 35.67 ¢
1802.10+42.45b

1372.80+37.05 ¢
1542.00£39.26 b
1959.50+ 44.26 a
1980.70+44.50 a

Different letters in each column indicate significant difference at P<0.05. Means are average values of three replicates + standard errors.

C1, C2, C3= pure stands of bean and black mustard, additive intercropping with a ratio of 50% black mustard + optimum density of pinto bean mono cul-
tures and additive intercropping with optimum density of two species in mono cultures, respectively.

F1, F2, F3, F4= control (non-fertilizer), bio-fertilizers (azotobarvar 1 and barvar 2), bio-fertilizer + 50% chemical fertilizer (urea) and bio-fertilizers + 100%

chemical fertilizer (urea), respectively.

0.6
05 ab i
abcabcabcf abc— abc gpce . bc
— . — e —
En 0.4 ]
5
3
Z 03
E @F
o0
= 02 oF2
ar3
0.1
OF4
0
C1 c2 Cc3
Cropping pattern

Fig. 1- Mean 100 grain weight of black mustard for interaction
of cropping pattern x fertilizers. Different letters indicate
significant difference at p < 0.05 (Duncan test). C1, C2,
C3= pure stands of bean and black mustard,additive
intercropping with a ratio of 50% black mustard + opti-
mum density of pinto bean mono cultures and additive
intercropping with optimum density of two species in
mono cultures, respectively. F1, F2, F3, F4= control (non-
fertilizer), bio-fertilizers (azotobarvar 1 and barvar 2),
bio-fertilizer + 50% chemical fertilizer urea and bio-fertili-
zers + 100% chemical fertilizer (urea), respectively.

4. Discussion and Conclusions

According to the results, bio-fertilizers + 100%
chemical fertilizer (urea) was the best fertilizer treat-
ment in pinto bean and black mustard as, it signifi-

cantly increased the field performance of these
plants (Table 3, Fig. 1), followed by bio-fertilizers +
50% chemical fertilizer. However, biological and grain
yields for black mustard was affected as similar to
bio-fertilizer + 50% chemical fertilizer (urea) with bio-
fertilizers + 100% chemical fertilizer (urea).
Therefore, bio-fertilizer application resulted in
decreasing 50% of chemical fertilizing. Chemical fer-
tilizer has various negative environmental effects
such as soil, water and air pollution, which increase
environmental production cost (Moradi et al., 2011).
Bio-fertilizer as essential components of organic
farming, play a vital role in maintaining long term fer-
tility and sustainability of soil. Bio-fertilizers have the
ability to access a major part of nutrients for growing
plant along with growth promoting factors
(Cordovilla et al., 1999).

Significant reduction of grain and biological yields
in intercropping (Table 3) was attributed to interspe-
cific competition between two crops (Bybee-Finley
and Matthew, 2018). Pilbeam et al. (1994) has noted
that grain yield of maize in sole culture was greater
than intercropping with bean. Competition for nutri-
ent uptake and deficiency of nitrogen transport are
responsible for the reduction of maize yield in inter-
cropping with legumes (Tomar et al., 1988).
However, there were not significant differences
between sole cropping and optimum density of two
species in intercropping system. Therefore, the pres-
ence of pinto bean plants hasn’t considerable inter-
specific competition on black mustard plants. Always
grain yield of plants did not reduce in intercropping.
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As an illustration, Long et al. (2001) showed that the
grain yield of wheat increased 28 to 30% in intercrop-
ping with soybean compared to monoculture.

The land equivalent ratio (LER) of the all inter-
cropping treatments was more than 1, which indicat-
ed an advantage of intercropping in comparison with
monocultures of pinto bean and black mustard (Table
4). This can be attributed to increasing plant densi-
ty/m? and more use efficiency of environmental
resources (Nasrollahzadeh Asl et al., 2009). Bio-fertil-
izers improved LER at all plant population as were
applied alone or along with chemical fertilizer. In
intercropping system, root interaction could increase
the root activity and microbial quantity in the rhizos-
phere (Zhang, 2013). Interspecific interaction
between species in the rhizosphere can also affect
nutrient availability and uptake in intercropping
(Haugard-Nielsan, 2001). Dua et al. (2005) found that
intercropping potato and French bean in all inter-
cropping treatments enhanced yield compared to
sole cropping and the amount of LER was more than
one. Specific competition usually includes competi-
tion for soil water, available nutrients, and solar radi-
ation (Buxton and Fales, 1993). Competition can also
have a significant impact on the growth rate of the
presented species in intercropping.

Relative value total (RVT) of intercropping treat-
ments was higher than 1 which showed the econom-

Table 4 - Evaluation of intercropping efficiency of treatme

ic advantage of intercropping compared to monocul-
tures. The highest RVT were observed in the non-fer-
tilizerwith optimum densities of two species. RVT was
improved as plant density increased. On these biases
RVT values of optimum densities for two species
were higher than 50% optimum density at the same
fertilizer treatments (Table 4). It was attributed to
more improvement intercropping yields compared to
monocultures (Javanmard et al., 2018). Several
indices such as LER, RVT, relative yield total (RYT), rel-
ative crowding coefficient (RCC) (Table 4), competi-
tive ratio, aggressively, actual yield loss, monetary
advantage, and intercropping advantage have been
developed to describe competition and economic
advantage in intercropping (Ghosh, 2004; Midya et
al., 2005).

RCC is ability of a species to use limited resource
in intercropping with its ability to gain the same
resource in intercropping system by using yield com-
paring and shows the competitive advantage of inter-
cropping components (Snaydon, 1991). RCC of black
mustard in most treatment was higher than RCC of
pinto been. Its maximum value was observed in
treatment non-fertilizer and optimum density of two
species about 2.803. The highest value of RCC of
pinto been in treatment non-fertilizer and 50% of
optimum density of two species. Fertilizer application
result in decreasing RCC of pinto bean and increasing

Land equivalent

Relative value total

Relative yield total

Relative crowding
coefficient (RCC) of

Relative crowding
coefficient (RCC) of

ratio (LER) (RVT) (RYT) Pinto bean Black mustard
Inter- Inter- Inter- Inter- Inter-
Fertilizer . Inter- . Inter- . Inter- . Inter- . Inter-
e cropping . cropping . cropping . cropping . cropping .
treatments (50% of cropping (50% of cropping (50% of cropping (50% of cropping (50% of cropping
. (optimum . (optimum . (optimum . (optimum . (optimum
optimum . optimum . optimum . optimum . optimum .
. density . density . density . density . density
density density density density density
of two of two of two of two of two
of two species) of two species) of two species) of two species) of two species)
species) P species) P species) P species) P species) P
Control (non-
fertilizer) 1.003 1.102 3.181 4,758 1.003 1.102 1.073 0.356 0.931 2.803
Bio-fertilizers
(azotobarvar 1
and barvar 2) 1.107 1.349 2.717 3.874 1.107 1.349 1.007 0.559 0.992 1.787
Bio-fertilizer +
50% chemical
fertilizer (urea) 1.253 1.381 2.661 3.229 1.253 1.381 0.879 0.515 1.136 1.940
Bio-fertilizers +
100% chemical
fertilizer (urea) 1.304 1.418 2.401 2.817 1.304 1.418 0.804 0.602 1.242 1.658
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RCC of black mustard in 50% of optimum density of
two species. Also, with increasing black mustard den-
sity in intercropping, RCC of black mustard was high-
er than bean at all fertilizer treatments. Generally,
fertilizer application, change the superiority of bean
toblack mustard (Table 4).

Fertilizer treatments, particularly bio-fertilizers +
100% chemical fertilizer (urea) improved grain yields
of pinto bean and black mustard via higher 100 grains
weight and biological yield per unit area. Resource
use efficiency was increased in intercropping sys-
tems. Intercropping diversify agroecosystem, and
resulted in sustainable production and increase eco-
nomic income, in addition, can be effective the use of
agricultural land considerably. Finally, it was conclud-
ed that intercropping pattern was better than mono-
cultures of two species at different levels of fertilizers
and also bio-fertilizers application could increase effi-
ciency of chemical fertilizer and it can reduce the
environmental risk and increase field performance of
pinto bean and black mustard.

References

ABBADY K.A., EL-MAAZ E.I.M., AHMED H.M.R.M., ZOHRY
A.A., 2016 - Carbon sequestration as a function of inter-
cropping management practices and different nitroge-
nous fertilizer types. - J. Soil Sci. Agri. Eng., 7: 565-586.

ALABI R.A., ESOBHAWAN A.O., 2006 - Relative economic
value of maize - okra intercrops in rainforest zone,
Nigeria. - ). Cent. Eur. Agr., 7: 433-438.

ARUJA ., CENTENO C., VIVEROS A., BRENES A., MARZO F.,
ILLERA J.C., SILVAN G., 2007 - Nutritional evaluation of
raw and extruded kidney bean (Phaseolus vulgaris L.
var. pinto) in chicken diets. - Poult. Sci., 85: 635-644.

BUXTON C.L., FALES S.L., 1993 - Plant environment and
quality, pp. 92-116. - In: FAHEY G.C. (ed.) Forage quali-
ty, evaluation and utilization. ASA, CSSA and SSSA,
Madison, WI, pp. 998.

BYBEE-FINLEY K.A., MATTHEW R.R., 2018 - Advancing
intercropping research and practices in industrialized
agricultural landscapes. - Agriculture, 8: 80.

CABALLERO R., GOICOECHEA E.L., HERNAIZ P.J., 1995 -
Forage yields and quality of common vetch and oat
sown at varying seeding ratios and seeding rates of
common vetch. - Field Crops Res., 41: 135-140.

CORDOVILLA M.P., BERRIDO S.I., LIGERO F., LLUCH C.L.,
1999 - Rhizobium strain effects on the growth and
nitrogen assimilation in (Pisum sativum L.) and (Vicia
faba L.) plants. - Plant Sci., 140: 127-136.

DE WIT C.T., 1960 - On competition. - Verslag Landbouw-
Kundige Onderzoek, 66: 1-28.

DUA V.K., LAL S.S., COVINDAKRISHNAN P.M., 2005 -

Potential and competition indices in potato + French
bean intercropping system in Shimla Hills. - Indian J.
Agr. Sci., 75: 321-327.

DUTTA P., DAS K., PATEL A., 2016 - Influence of organics,
inorganic and bio-fertilizers on growth, fruit quality,
and soil characters of Himsagar mango grown in new
alluvial zone of West Bengal, India. - Adv. Hort. Sci.,
30(2): 81-85.

GHOSH P.K., 2004 - Growth, yield, competition and eco-
nomics of groundnut/cereal fodder intercropping sys-
tems in the semi-arid tropics of India. - Field Crops Res.,
88:227-237.

HABIMANA S., KALYANA MURTHY K.N., NANJA REDDY Y.A.,
MUDALAGIRIYAPPA M., VASANTHA KUMARI R., HANU-
MANTHAPPA D.C., 2019 - Impact of aerobic rice-leafy
vegetables intercropping systems on weed manage-
ment. - Adv. Hort. Sci., 33(3): 365-373.

HAUGARD-NIELSAN H., AMBUS P., JENSEN E.S., 2001 -
Inter-specific competition and with weed in pea-barley
intercropping. - Field Crop Res., 70: 101-109.

JAVANMARD A., AMANI MACHIANI M., OSTADI A., SEIFI A.,
KHODAYARI S., 2018 - Evaluation of land productivity,
competition and insect diversity in different intercrop-
ping patterns of sunflower (Helianthus annuus L.) and
soybean (Glycine max L.) under low-input condition. -
Iran Agric. Res., 37: 105-116.

JIAO X., LIANG W., CHEN L., ZHANG H., LI Q., WANG P.,
WEN D., 2005 - Effects of slow-release urea fertilizers
on urease activity, microbial biomass, and nematode
communities in an aquic brown soil. - Sci. China Life
Sci., 48: 26-32.

JOORABI S., AKBARI N., CHAICHI M.R., AZIZI K.H., 2015 -
Effect of sowing date and nitrogen fertilizer on
sorghum (Sorghum bicolor /. var. Speed feed) forage
production in a summer intercropping system.-
Cercetari Agronomice in Moldova, 3: 63-72.

KIMINAMI L., FENG J.C.H., FURUZAWA S., 2010 - Double-
cropping pinto bean after winter barley in western
Colorado USA. - ). Life Sci., 4: 96-100.

KOWAL J.M., KASSAM H., 1978 - Agricultural Ecology of
Savanna. - Clarendon Press, Oxford, UK, pp. 403.

KUMAR S., SUYAL D.C., DHAUNI N., BHORIYAL M., GOEL R.,
2014 - Relative plant growth promoting potential of
Himalayan psychro tolerant Pseudomonas jesenii
Strain MP1 against native Cicer arietinum L., Vigna
mungo (L.) Hepper; Vigna radiata (L.) Wilczek., Cajanus
cajan (L.) Millsp. and Eleusine coracana (L.) Gaertn. -
Afr. ). Microbiol. Res., 8(50): 3931-3943.

LITHOURGIDIS A.S., DORDAS C.A., DAMALAS C.A., VLA-
CHOSTERGIOS D.N., 2011 - Annual intercrops: an alter-
native pathway for sustainable agriculture. - Aust. J.
Crop Sci., 5: 396-410.

LONG L., SUN J., ZHANG F., LI X., YAUNG S., RNGEL Z., 2001
- Wheat - maize or wheat - soybean strip intercropping
I. Yield advantage and inter-specific interaction on
nutrients. - Field Crops Res.,71: 123-137.

MEAD R., WILLEY R.W., 1980 - The concept of a land equiv-

181



Adv. Hort. Sci., 2020 34(2): 175-182

alent ratio and advantages in yields for intercropping. -
Exp. Agric., 16: 217-228.

MIDYA A., BHATTACHARIJEE K., GHOSE S.S., BANIK P., 2005
- Deferred seeding of blackgram (Phaseolus mungo L.)
in rice (Oryza sativa L.) field on yield advantages and
smothering of weeds. - Crop Sci., 191: 195-201.

MOGHBELI T., BOLANDNAZAR S., PANAHANDE J., RAEI Y.,
2019 - Evaluation of yield and its components on onion
and fenugreek intercropping ratios in different planting
densities. - J. Clean. Prod., 213: 634-641.

MORADI R., REZVANI-MOGHADDAM P., NASIRI-MAHAL-
LATI M., NEZHADALI A., 2011 - Effects of organic and
biological fertilizers on fruit yield and essential oil of
sweet fennel (Foeniculum vulgare var. dulce). - Spanish
J. Agric. Res., 9: 546-553.

NASROLLAHZADEH ASL A., DABBAGH MOHAMMADY
NASSAB A., ZEHTAB SALMASI S., MOGHADDAM M.,
JAVANSHIR A., 2009 - Potato (Solanum tuberosum L.)
and pinto bean (Phaseolus vulgaris L. var. pinto) inter-
cropping based on replacement method. - ). Food Agric.
Environ., 7: 295-299.

PILBEAM C.J., OKALEBO R., SSIMMONDS L.P., GATHUA K.W.,
1994 - Analysis of maize-common bean intercrops in
semiarid Kenya. - ). Agri. Sci.,123: 191-198.

RAEI Y., WEISANY W., GHASSEMI-GOLEZANI K., TORABIAN
S., 2015 - Effects of additive intercropping on field per-
formance of potato and green bean at different densi-
ties. - Biol. Forum Int. J., 7: 534-540.

182

SCHULTZ B., PHILIPPS C., ROSSET P., VANDERMEER J., 1982
- An experiment in intercropping cucumbers and toma-
toes in southern Michigan, U.S.A. - Sci. Hort., 18(1): 1-8.

SNAYDON R., 1991 - Replacement or additive designs for
competition studies. - J. Appl. Ecol., 930-946.

TOMAR J.S., MACKENZIE A.F., MEHUYS G.R., ALI I., 1988 -
Corn growth with foliar nitrogen soil applied nitrogen
and legume intercrops. - Agron. J., 80: 802-807.

TOMER S., SUYAL D.C., GOEL R., 2016 - Bio-fertilizers: A
timely approach for sustainable agriculture, pp. 375-
395. - In: CHOUDHARY D.K., A. VARMA, and N. TUTEJA
(eds.) Plant-microbe interaction: An approach to sus-
tainable agriculture. Springer Nature Singapore, pp.
509.

TUZEL Y., OZTEKIN G.B., 2017 - Crop diversification, man-
agement and practical uses. - Fao Plant Production and
Protection Paper, 230: 105-122.

WATIKAI J.M., FUKAI S., BAND J.A., KEATING B.A., 1993 -
Radiation interception and growth maize-cowpea inter
crop as affected by maize plant- density and cowpea
cultivar. - Field Crop Res., 35: 123-133.

WILLY R.W., 1990 - Resource use in intercropping systems.
- J. Agr. Water Manage., 17: 215-231.

ZHANG X., HUANG G., BIAN X., ZHAO Q., 2013 - Effects of
root interaction and nitrogen fertilization on the chloro-
phyll content root activity photosynthetic characteris-
tics of intercropped soybean and microbial quantity in
the rhizosphere. - Plant Soil and Environ., 59: 80-88.



