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ABSTRACT

The main objective of this study was to maximize productivity per unit area for cabbage and lettuce crops using the
intercropping system and increase its efficiency with biofertilizers. The study compared a monocropping with an
intercropping system in combination with bio-fertilization to improve growth, yield, soil efficiency, water efficiency, and
reduce chemical residual impacts on the soil. In the two winter, seasons of 2019 and 2020, three fertilizer treatments,100%
recommended mineral fertilization (RMF), arbuscular mycorrhizal fungi (AMF), and mixed treatment (AMF and 50%
RMF) were conducted in monocropping and intercropping systems for cabbage and lettuce. The experiments were done in a
factorial randomized complete block designed. The results revealed no significant differences between mono and
intercropped systems for most horticultural traits in two seasons, except for the head length and diameter of cabbage that
were affected by the intercropping system. The mixed treatment supported the intercropping system to outperform all
treatments. The mixed treatment recorded the highest horticultural parameter values and the most improvement of mineral
uptake, potential of hydrogen (pH), total dissolved solids (TDS), and enzyme activities in plants and soil, as well as an
economical use efficiency for yield, water, and soil. The results demonstrated the effectiveness of the intercropping system
with biofertilizers in producing a high yield of crops while also preserving biological balance of soil, particularly in light of
agricultural area fragmentation and climate change challenges.
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1. INTRODUCTION minimizes economic risk through effective use of
available resources, efficient use of labor, increased
crop productivity, erosion control and food security
(Addo-Quaye et al. 2011; Brooker et al. 2015).
Therefore, it should be optimally used the
intercropping system as agricultural practices in small
cultivation fields (Pathak et al. 2018; Ronga et al.
2019). It was necessary to think about using some
methods to maximize the benefits of the intercropping
system and raise its efficiency to achieve the
maximum vyield that would return economic benefits
(Guvenc and Yildirim, 1999). The intercropping
strategy is typically preferred by Egyptian peasants
because it results in a better total yield per unit area
and offers protection against complete crop failure

The world faces great challenges in the
farming section, coinciding with the water deficit and
the attrition of the cultivated soil, with small holdings
area. In Egypt, the maximum vyield from a unit area
should be achieved (Abdrabbo et al. 2015). The total
population of Egypt has grown fleetly to further than
100 million, contributing to a drop in the available
area for food crops -cultivation, water resources
declination, accumulation of toxic residues in the soil
and deterioration of soil quality and fertility (Pathak et
al. 2018). Intercropped systems are one of the key
agricultural approaches to increase land and water use
efficiency, while achieving good production that
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(Lyocks et al. 2013). Intercropping has the potential to
improve land utilization, yield, yield stability, soil
quality, and water use efficiency, resulting in more
productive and resilient agroecosystems (Abdrabbo et
al. 2015).

Crop selection in the inter-cropping system
was based on differences in growth rhythm,
maturation time, and mor-phological traits with the
aim of reducing or displacing intercrop competition
due to the complementary effects of intercropped
(Homulle et al. 2021). Cabbage, Brassica oleracea L.
var. capitata f., is an important crop of the
Brassicaceae family, with high levels of mineral
nutrients and antioxidants (Homulle et al. 2021).
Cabbage is a relatively mid-season crop that grows
slowly within the first growth stage, requires high
quantities of mineral fertilization, especially nitrogen
which gives an opportunity for a short-season crop
like lettuce to be intercropped with main-taining yield
and quality (Nosek et al. 2011). Lettuce , Lactuca
sativa L. is a common leaf vegetable belong-ing to the
Asteraceae family. Furthermore, lettuce is a short-
season crop and its needs for water and minerals do
not conflict with the main crop, cabbage. The leafy
vegetable crops are considered traditional favorites
among Egyptian farmers due to their fast yield and
short return income. The chosen crops were suitable
for the intercropping system.As a result, the intercrop
will maximize the utilization of the quantities of
fertilization and irrigation water that will be wasted by
loss and leaching. Cabbage is an economically
important  source  of  bioactive  compounds,
antioxidants and anticarcinogens (Samec et al. 2014).

The improvement of agricultural sustainability
could be achieved by using inter-cropping systems
with a biofertilizer approach as an efficient soil
conservation tool. Furthermore, it is an effective
alternative to mineral nutrients, which have harmful
effects on population and the environment due to their
accumulation in plants and soils, and increase global
warming potential. In the research for more
sustainable and eco-friendly solutions to improve crop
productivity, algae and mycorrhiza are emerging as
resources for crop production due to their bio
stimulating potential (Pathak et al. 2018; Chiaiese et
al. 2018). Intercropping systems upgrade the diversity
of crops on a field scale and sustain multiple
ecosystem functions such as the coherent use of
natural resources soil, water, and light (Win et al.
2018). Use the intercropping in the same row amid to
maximize utilization of all added nutrients to the main
crop cabbage such as minerals and water. It well
known that a huge amount of nutrition elements loses
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in soil and water causing water pollution,
accumulation in soil and consumed yield which harm
environment and population (Win et al. 2018). Since
the cabbage and lettuce crops have shallow root
systems, they require water and minerals available in
the surface area. So, the application of mycorrhiza
enhances the chemical and physical soil properties and
decreases nutrient accumulation in leaves [Chiaiese et
al. 2018; Yildirim and Guvenc , 2005). The hyphae of
arbuscular mycorrhizal fungi (AMF) play significant
roles in increase soil aggregates and boost plant
productivity (Saharan et al. 2018). AMF improves the
biological activities of the soil include, the
dehydrogenase, nitrogen and phosphatase activities
and the availability of nitrogen, phosphorus and
potassium, resulting in an adjustment of total
dissolved solids (TDS) and pH of the soil (Artursson
et al. 2005). The overall studies stated that mycorrhiza
could be utilized for improving the quality of yield,
and the physicochemical properties of soil, releasing
growth-promoting compounds and solubilizing the
insoluble phosphates. Hence, biofertilizers are
economical and environment-friendly and improve
soil properties and soil fertility by providing
antioxidants enzymes release and the essential macro
nutrient elements for plant growth and vyield
production  (Kusvuran and Kusvuran, 2019).
Biofertilization and intercropping can be combined to
improve plant productivity and soil fertility
(Hauggaard-Nielsen and Jensen 2005; Gebru, 2015).
Absorption of nutrients (phosphorus and nitrogen) was
greatly enhanced by intercropping and their binding
via a common mycorrhizal network (Saharan et al.
2018; Artursson et al. 2005 ). The use of fertilizers is
more efficient in an intercropping system due to the
different root systems of the crops as well as the
different amounts of nutrients absorbed (Kusvuran and
Kusvuran, 2019). Previous studies have shown that
cabbage intercropping systems maximizes yield and
soil nutrient uptake which vary with the combination
of treatments (Gebru, 2015). Monoculture cabbage
cultivation enhances values for most growth traits,
plant height, shoot weight, root weight, root length
and yield (Gebru, 2015).

The objectives of the current study are divided
into two main objectives: the first aim is optimizing
the production of cabbage and lettuce and assessing
the sustainability of intercropping systems based on
growth, yield, soil, water, and improved net economic
income. The other objective is determining the
mycorrhiza use efficiency in alternating and reducing
the dependence on mineral fertilization, and avoiding
its impact on the soil microbial community, soil
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fertility, chemical properties, soil
antioxidant enzymes, pH, and TDS.

physics, plant

2. MATERIALS AND METHODS
2.1. Experimental location and design

The experiments were carried out at Kaha
Experimental Research Station, Agriculture Research
Center, Egypt during two winter consecutive seasons
2019 and 2020. The experimental design was split plot
design in RCBD , with four replicates (Das and Giri,
1986). The intercropping treatments were arranged
randomly in the main plot, while the fertilizers
treatments were set randomly in the subplot. Pre-
planting in both seasons, soil samples were taken from
the experimental plots at 30 cm depth to determine
some physical and chemical properties according to
the standard methods of Richards (1954) and
presented in Table 1.

Table 1. The physical and chemical properties of
the experimental soil sample from Kaha
farm in the two seasons.

Parameters Values
Particle Size of Soil (%)
Sand 24.23
Silt 33.60
Clay 42.17
Textural class Clay
Organic matter (%) 0.60
pH 7.95
EC (ppm) 1360
Calcium carbonates (%) 1.88

Soluble Anions (Cmole.Kg—1 soil)

Cr 10.8
SO4~ 9.60
Soluble Cations (Cmole.Kg—1 soil)
Mg2+ 4.19
Na+ 9.33
K+ 5.26
Available nutrients (ppm)
N 1.54
P 0.54
K 1.97
2.2. Plant materials and cultivation methods

Monocrop, cabbage (O-S hybrid, TAKI seed
company) seedlings were transplanting at 40 cm
within plants on ridges 60 cm width and 5 m length.
While lettuce, Romain type seedlings were
transplanted at 20 cm between seedlings in two sides
of ridge 60 cm width and 5 m length. Contrarily, in
intercropping system cabbage as a main crop
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transplanted at 40 cm between plants while the
intercropped lettuce was transplanted within row plant
spacing 20 cm on the same side ridge with cabbage
plants (Fig.1). The area of each plot was 15 m* (as
each plot contained 5 ridges at 5 m long x 0.6 m
width). Both cabbage and lettuce seedlings were
transplanted on October 15" 2019 and 2020. Lettuce
and cabbage were harvested after 50 and 90 days from
transplanting, respectively. The cultivation treatments
consisted of monocropping cabbage, monocropping
lettuce, intercrop cabbage/lettuce cultivation system.
The fertilization treatments included three treatments,
100% mineral fertilization (200, 150 and 120 kg/ha
NPK for cabbage; 175, 112.5 and 120 kg/ha NPK for
lettuce) according to Egyptian Agricultural Ministry
recommendations. The second treatment was 5 kg /ha
of mycorrhiza (AMF). In addition, the third treatment
was mixed AMF and 50% RMF. The mineral
fertilization units were divided into equal batches in
mono and intercropped systems. The batches were
applied at pre planting, 15, and 30 days from
transplanting for lettuce while pre planting, 15, 30, 60
days from transplanting for cabbage. The AMF added
with soil preparation and the second dosage inoculated
the seedlings. The strain of arbuscular mycorrhizal
fungi (AMF) was initially isolated from soil and
grown on Zarrouk medium, using an adapted protocol
from Gerdemann and Nicolson (1963).

2.3. Assessed parameters

2.3.1. Morphological parameters

At harvest time, the vegetative growth, yield,
and quality parameters of cabbage and lettuce in
monocrop and intercropped systems were measured.
Twenty cabbage and lettuce heads were randomly
selected from each experimental unit. Data were
recorded for cabbage, total weight/plant (kg), head
weight (kg), head length (cm), head diameter (cm),
stem length (cm), and net marketable yield (t). As for
lettuce crop, head length (cm), head weight (kg), head
diameter (cm), number of leaves/plants, net
marketable vyield(t), and total soluble solid (TSS),
which is measured in juice of leaf by using a hand
refractometer, according to the methods of AOAC
(1980).
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Figure 1. Intercropping cabbage/ lettuce cultivation system

2.3.2. Chemical analysis

Chemical analyzes were conducted after
harvest on the inner leaves of cabbage and lettuce
plants. In dry samples of inner leaves, the percentages
of nitrogen using the micro-kjeldahle method as
indicated by Pregl and Roth (1935), phosphorus was
assessed using the colorimetric method of Luatanab
and Olsen (1965), and potassium was assessed using
the flame photometer set as explained by Jackson
(1973). The activities of the antioxidant enzymes,
peroxidase (POD) and catalase (CAT), determined in
leaf samples of 500 g of fresh inner leaves of cabbage
and lettuce. The samples homogenized in a mixture
consisting of 5 ml of potassium phosphate buffer.
0.5% Triton X-100, 2% N-vinylpyrrolidinone,5 mM
disodium salt of dehydrated -ethylenediaminetet-
raacetic acid and 1 mM ascorbic acid according to
Polle et al. (1994). The homogenized mixture was
centrifuged at 1000 g for 25 minutes at 4 ° C and the
supernatants were used to measure the catalase
activity (Aebi, 1984) and peroxidase (Kar and Mishra,
1976).

The pH (1:2.5, w/v), total dissolved solids
(TDS) were determined in slusing a Jenway 4310 EC
meter and a Beck-man pH meter as described in
AOAC [1980]. Dehydrogenase activity (E.C 1.1) was
measured according to Thalmann (1968) and modified
according to Gong (1997). Phosphatase activity (E.C
3.1.3) was determined in phase with Tabatabai and
Bremner (1969). Fresh soil samples of 100 mg were
sieved (0.149 mm) and air-dried. After 24 hours at
37 ° C, the phosphatase activity was measured as mg
of phenol generated from 1.0 g of dry medium (mg of
phenol 1 g of dry medium). Nitrogenase activity
(EC1.18.6.1) was meas-ured with an acetylene
reduction assay as described by Johnsen and Apsley
(1990).
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2.3.3. Economic parameters

Economic  efficiency indicators  were
measured including, the total variable cost, total cost,
return, net return, return over variable costs, return
fcost, and the profitability for cabbage and lettuce
crops individually, as well as intercropped, according
to El-Akshar et al. (2016). Furthermore, measuring
soil and water use efficiency according to Saleh, Enas
(2017), irrigation requirements were calculated by
CLIMWAT 0.2 and CROPWAT 0.8 software (FAO).
Soil use efficiency= (the productivity of intercropped
lettuce)/ (productivity monocrop let-tuce) + (the
productivity main crop (intercropped cabbage))/
(productivity monocrop cab-bage)
Water use efficiency= (the productivity of one cubic
meter of intercropped lettuce)/ (productivity one cubic
meter monocrop lettuce) + (the productivity of one
cubic meter main crop (intercropped cabbage))/
(productivity one cubic meter monocrop cabbage).

2.4. Statistical Analysis

The data were statistically analyzed using an
analysis of variance (ANOVA) with the Statistix 10
software package of significance among treatments
and means were compared using Duncan’s multiple
range test (Gomez and Gomez, 1984).

3. RESULTS

3.1. Morphological parameters

The data in all figures included the mean of
two seasons 2019 and 2020 due to no significant
differences between the two seasons. The data in
Figure 2 revealed that mono-cropped cabbage
outperformed intercropped in total and head weight,
which was reflected on the total net marketable yield.
The mono cabbage net yield exceeds 56.95 t/feddan
for mixed treatment (50% RMF
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Figure 2. Effect of cultivation system, treatment, and interaction on head length(cm), head diameter(cm),
stem length(cm), head weight (kg), total weight (kg), and net marketable yield(t/feddan) in
cabbage for means of two seasons 2019 and 2020, where RMF: recommended mineral
fertilization, AMF: arbuscular mycorrhizal fungi, Feddan=hectare/2.4

+ AMF). Head cabbage length and diameter were
affected by the intercropping system, where the
monocrop showed the highest head length and the
largest head diameter based on the intercropping effect
factor. Regarding the fertilization effect factor, data
showed that there were significant differences between
all treatments for all assessed traits in cabbage. The
notable superiority was recorded for mixed treatment
(50% RMF + AMF) followed by recommended
mineral fertilization dosage (100 % RMF). As for the
interaction effect, significant differences were
observed among all six combinations. The treatment
monocrop plus mixed fertilizers caused the highest
significant values for all traits, followed by
intercropped with mixed fertilizers. In contrast, no
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significant differences were shown in head length,
head diameter, or stem length. Furthermore, the
monocrop with each of the 100% RMF treatments,
mycorrhiza, significantly  outperformed the
intercropped one in all traits.

The data in Figure 3 did not show any
significant  differences between the mono and
intercropped system in most determinate traits in
lettuce except for head length in the first season where
the monocrop recorded the highest head length. The
net marketable yield for monocrop exactly was the
higher than intercrop lettuce due to the population
density of each one. Concerning fertilization effect,
data were reflected highly significant differences
between all
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Figure 3. Effect of cultivation system, fertilization, and interaction on head length(cm), head
diameter(cm), total soluble solid, head weight (g), number of leaves, and net marketable yield (t)
in lettuce for two seasons 2019 and 2020, where RMF: recommended mineral fertilization,
AMF: arbuscular mycorrhizal fungi, Feddan=hectare/2.4

treatments in all traits. Moreover, the mixed treatment
(AMF+50% RMF) revealed the highest values in all
studied traits for two seasons followed by 100% RMF.
Concerning, the interaction effect showed that the
monocrop + mixed recorded the highest significant
values compared with all interactions. Good to
mention that there were no significant differences
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between mixed treatments in mono or intercropped
systems except for head length and head weight where
the mono culture investigated the higher value than
the intercropped. Among the rest of the interactions of
treatments monocrop with 100% RMF showed a
noticeable superior in leaves numbers and TSS in first
season only while inter-crop + 100 % RMF had the
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highest value in head length and head dimeter. The net
yield for mixed treatment gave the highest expected
amount of yield which reached to 62 t/feddan.

3.2.
3.2.1

Chemical parameters

Nutrient Concentration in plants
The monocrop showed the highest values for

with  intercrop  treatment  without significant
differences in most values. The mixed treatment
recorded the highest NPK uptake according to
fertilization treatments effects. Furthermore, the AMF
application proved the great role on phosphorus
uptake.

NPK uptake in cabbage leaves (Figure 4) compared
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Figure 4. Effect of cultivation system, fertilization, and interaction on nitrogen (N%o), phosphor (P%), and
potassium(K%) concentrations in cabbage leaves for means of two seasons 2019 and 2020,
where RMF: recommended mineral fertilization, AMF: arbuscular mycorrhizal fungi.

The 100% RMF provides high N uptake in
cabbage leaves compared with all treatments.
Regarding interaction effects, the combination
treatments with monocropping had the highest NPK
values, followed by the combination treatments with
Intercrop and 100% RMF with monocropping.
Concerning, the intercropping effects on N, P, and K
concentrations of lettuce leaves (Figure 5) have
significant  differences. The monocrop system
outperformed the intercropped one in most treatments

56

in both seasons. Regarding the fertilization effects,
highly significant differences on minerals uptake
between treatments were observed. The mixed
treatment (AMF+ 50% RMF) revealed the highest
totally NPK uptake without significant difference with
AMF in P uptake. The interaction effects proved
highly significant differences for the mixed treatment
with mono crop which caused the highest NPK uptake
followed by the mixed treatment with intercrop
without significant differences.
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RMF: recommended mineral fertilization, AMF: arbuscular mycorrhizal fungi.

3.2.2 Antioxidant enzymes activities in plants

The data in Figures 6 and 7 showed that the
antioxidant enzymes peroxidase (POD) and catalase
(CAT) activities in cabbage and lettuce leaves were
significantly affected by the intercropping system and
the fertilization treatments. The activity of the
antioxidant enzymes CAT and POD increased in
intercropped systems compared with monocrop one.
Concerning, the fertilizations treatments the mixed
treatment had a positive effect on the activity of CAT
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and POD in the leaves cabbage and lettuce plants, the
lowest values of the antioxidant enzymes CAT and
POD were found in monocrop with the 100% RMF
treat-ment followed by intercrop treated with 100
RMF. CAT and POD activities were was elevated in
plants treated with AMF. The result shows that the
mixed treatment was effective in regulating catalase
and peroxidase activity in cabbage and lettuce plants
in monoculture and intercropped systems.
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Figure 6. Effect of cultivation system, fertilization, and interaction on antioxidant enzymes catalase (CAT)
and peroxidase (POD) in cabbage leaves for means of two seasons 2019 and 2020, where RMF:
recommended mineral fertilization, AMF: arbuscular mycorrhizal fungi.
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Figure.7 Effect of cultivation system, fertilization, and interaction on antioxidant enzymes, catalase and
peroxidase in lettuce leaves for means of two seasons 2019 and 2020, where RMF: recommended
mineral fertilization, AMF: arbuscular mycorrhizal fungi.

3.2.3 Chemical analysis in soil

The intercropping system had not effect on pH
or TDS of cabbage soil (Figure 8) while there were
significant differences observed between
intercropping and monocropping in lettuce soil
(Figure 9). According the fertilization treatments
effect, the mixed treatment showed the lowest values
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for pH and TDS in cabbage and lettuce soils. By
highlighting the interaction impact it was found that
the mixed treatment with monocrop and intercrop
systems significantly reduced the values of pH and
TDS compared with the values after 100% RMF. It is
worth noting that biofertilizers with single or mixed
treatment modified the values of pH and TDS.
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Figure 8. Effect of cultivation system, fertilization, and interaction on pH and TDS in cabbage soil for
means of two seasons 2019 and 2020, where RMF: recommended mineral ferti-lization, AMF:
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mean of two seasons 2019 and 2020, where RMF: recommended mineral fertilization, AMF:

arbuscular mycorrhizal fungi.

The data in Figures 10 and 11 revealed that
dehydrogenase (DHA) in the mixed treated soils was
significantly (P < 0.05) higher than in the 100% RMF
treatment. This was probably caused by the positive
side effects of AMF being applied. The results
revealed that DHA activity was the highest in
intercropping systems compared to the monocrop
system. In the same direction the fertilization effect
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showed that the mixed treatment recorded the highest
enzymes activities in comparison with other
treatments in both crops. Moreover, the mixed
treatments with intercropping system significantly
exceeded the other treatments in all parameters in
cabbage crop however in lettuce crop equated with the
mixed with monocrop treatment.
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3.3.
3.3.1. Economic Efficiency

The data in Figure 12 A-H showed that the
productivity (net marketable yield) of cabbage crop
increased to 11700 and 11500 heads, which is the
maximum productivity by using mixed fertilization
treatment in mono and intercropped cultivation
systems, respectively. Concerning the costs, the total
costs of mono cabbage cultivation reached to its
maximum by applied 100% RMF treatment.
Furthermore, the variable cost has reached to
maximum value with 100% RMF treatment. In
contrast, it was decreased until it reached its lowest
value with mixed treatment application. Regarding
cabbage cost in intercropping cultivation system, the
total costs have reached a maximum in the 100% RMF

Economic parameter

treatment while the total cost reached the lowest when
using mycorrhiz fertilization treatment. The variable
costs have reached a maximum in the 100% RMF
treatment. The return, net return, and the return over
variable costs for mono and intercropping cabbage
cultivation were reached to the maximum with mixed
fertilization treatment, while the lowest return was
recorded with mycorrhiza application. As it turns out
calculates the yield / cost the highest return on costs in
the cultivation of intercropping cabbage and mono
cabbage were 2.09 and 2.05 respectively, in using
mixed fertilization. Profitability indicated that the
intercropping system is 1.09 greater than the
profitability of mono cultivating cabbage.
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Figure 12. Economic Efficiency Indicators, A, productivity (no. of heads/feddan), B, total variable cost
(L.E), C, total costs, D, return (L.E), E, net return (L.E), F, return over variable cost (L.E), G,
return/cost (L.E), and H, profitability of spent pound based on cultivation system and
fertilization type in cabbage for mean of two seasons 2019 and 2020. where RMF: recommended
mineral fertilization, AMF: arbuscular mycorrhizal fungi.
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Concerning, the productivity (net marketable yield as
heads numbers) of lettuce crop also increased to
48500 and 11500 head, which is the maximum
productivity by using mixed fertilization treatment in
mono and intercropping cultivation system (Figure.
13A-H). The total cost and the maximum variable cost
of mono lettuce cultivation reached to its maximum in
the 100% RMF treatment while it reached to the
lowest cost by using mycorrhiza fertilization
treatment. In a related the total costs and variable costs
of lettuce in the intercropping cultivation were a
maximum with the mineral fertilization treatment,
while it reached to the lowest when using mycorrhiza
fertilization treatment followed by mixed treatment.
The return and net return, and the return over variable
costs for mono and intercropping lettuce cultivation
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was the maximum with mixed fertilization treatment
application, while it was the lowest return with
applying mycorrhiza fertilization treatment, and the
lowest net return observed with AMF application. In
the cultivation of mono and intercropping lettuce, its
achieved 1.36 and 1.21 respectively with applied
mixed fertilization treatment. While the ratio of return
to costs for growing intercropping lettuce cultivation
is 1.21 that means that the profitable for the pound
amounted to about 0.21 although it is less than the
profitability of cultivation of the lettuce alone, but it is
giving the farmer more additive return from the same
cultivated area due to the number of plants which
considered the quarter of standers lettuce plant
numbers.
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3.3.2 Soil and water use efficiency

The efficiency of using soil and using
irrigation water resources presented in Table 2. The
efficiency of use soil was increased to 1.22 in the
intercropping system with using mixed fertilization
treatment. In addition, data showed an increase in the

cabbage, with lettuce. While the maximum
productivity of water unit in cultivating intercropping
cabbage was 7.55 heads/m3 while the maximum in
mono cultivation system was 5.32 heads/m3.
Regarding the efficiency of using water was reached
to maximum value 2.19 in mixed fertilization

productivity of the water unit in the intercropping of treatment  compared  with  other  treatments.
Table 2. The efficiency of use soil and irrigation water resource.
Cabbage lettuce production cabbage water lettuce water e
8 roduction (No. of No. of heads/ iS e o kS
E P ady fed(dan) ( feddan) 5 productivity productivity 55
£ 32 8 2
S S .= S o
= M | M | £33 M I M | 53
100 %
RME 11500 11200 48000 11000 1.20 5.23 7.35 21.82 16.25 2.15
AMF 11000 10500 47500 10000 1.17 5.0 6.89 21.59 14.77 2.06
AMF+50
% RMF 11700 11500 48500 11500 1.22 5.32 7.55 22.05 16.99 2.19

where RMF: recommended mineral fertilization, AMF: arbuscular mycorrhizal fungi, I: Intercropping, M:

Monocrop

4. DISCUSIONS

Use of the intercropped cultivation system as
an alternative to monoculture became necessity
worldwide, depending on the holding area, local
climate, soil conditions, and economic situation
(Lithourgidis et al 2011). The results indicated that no
significant differences between mono and inter-
cropped cultivation system for cabbage and lettuce in
most horticultural traits that was agreed with Guvenc
and Yildirim (2006). Some physical traits such as head
weight, head length, and head diameter revealed
superiorty in mono culture that mean the intercropped
cultivation system has a significantly effect on both
crops (Gianinazzi et al. 2010). The obtained results
proved that the intercropped cultivation system had
not negative effects on growth and vyield traits while
some physical characteristics were affected (Guvenc
and Yildirim, 2006). Although all cover crop systems
provide crop, soil and water improvement, certain
approaches are necessary to improve the quality and
quantity of yields. Biofertilization is considered one of
the amplifiers of the cropping system, improving
growth and vyield. The results demonstrate the
effectiveness of biofertilization in combination with
the intercropping of cabbage and lettuce (Saharan et
al. 2018, Gianinazzi et al. 2010). In this section the
study compared four fertilization treatments to get the
best fertilizers alternative. All results revealed that the
mineral fertilizers showed the highest values
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compared with AMF application. In contrast, the
mixed treatment which mixed two beneficial strategies
of fertilization (AMF and 50% RMF) gave the highest
significant values for all studied traits on horticultural,
minerals uptake, soil improvement, and economical
levels. The positive effect of each approach was
discussed as follow, AMF application provides
nitrogen fixation , many beneficial effects on
phosphor solubility and makes it available for roots in
short period (Smith et al. 2011). The presence of AMF
with RMF contributes as soil enhancers, play
important roles for root efficacy for mineral
fertilization uptake in short time and make it available
in root zone or rhizosphere. It is well known that the
vegetable crops have a short life period so the
intercropping method will maximize fertilizers and
water use efficiency and decrease the loss amount
beside the bioagents which make all elements easier to
absorb in rhizosphere (Dimkpa et al. 2009). Improved
growth and yield of cabbage and lettuce was observed
with the use of biofertilizers which improved the
chemical, physical and biological properties of the
soil. The application of AMF as a part of fertilization
treatments, due to its role in increasing the production
and quality of cabbage and lettuce, sequesters soil
microbial and mineral levels, increasing soil fertility
and adjusted soil pH and TDS [Bender et al. 2016].
The results showed that the nutrient
concentrations of leaves in intercropped systems were
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comparable to those of monocultures, illustrating the
efficient use of available resources per unit area for
different crops (Varghese, 2000). The intercropping
system has been found to have a higher nutrient
uptake per area than monocultures because the root
growth of constituent species with different root
characteristics explores a larger soil mass (Santos et
al. 2002). Intercropping systems may have higher
nutrient use efficiency due to possible differences in
peak demand time for different nutrients due to the
mix components and residence time of each crop
(Santos et al. 2002). In this study, intercropping
systems with different root properties of the
constituent crops could increase nutrient utilization
efficiency and utilize more nutrients. The study
revealed that the possibility of depending on
biofertilization in the cultivation of cabbage and
lettuce as an alternative to mineral fertilization without
negative effects on yield and soil fertility. The results
indicated a significant increase in total soil nitrogen,
phosphorus and potassium levels and yield compared
to mineral fertilizers (Goérka et al. 2018).
Dehydrogenase (DHA) recorded the highest activity in
the mixed treatment. This activity may reflect the full
range of oxidative activity of the soil microflora
(Watts et al. 2010). The activity of DHA in the soil of
intercropping with the mixed treatment was higher
than in the other treatment (Scherer et al. 2011). The
decrease in DHA activity had a negative effect on soil
fauna by the decreasing number of total bacteria
according to Scherer et al. (2011) and Wolinska and
Stepniewska (2012), DHA is directly related to the
microbial biomass. In this experiment, the increase in
soil DHA with the mixed treatment in the intercropped
system could be due to AMF in the soil improving the
enzymatic activity of the microbes (Tian et al. 2019).
Dehydrogenase (DHA) activity provides the total
range of oxidative activity of the soil microflora (El-
Komy, 2005). Also, Dehydrogenase activity (DHA)
considered - an indicator of overall microbes’ activity
in the soil (Wang et al. 2008). The data represented
showed that mineral fertilizers without the application
of biofertilizer recorded lower DHA activity values
compared to biofer-tilization treatments. This may be
because mycorrhiza has played an important role in
promoting plant growth through nitrogen fixation.
This can lead to the accumulation of available
nutrients and stimulate microorganisms in the soil
rhizosphere. Many investigators have demonstrated
the positive effect of bio fertilization on nitrogenase
activity with intercropping system complementary to
biofertilizers as a nitrogen fixer (Goiris et al. 2012).
Use of the biofertilizers modulated the pH value of
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soil which indirectly effected on enzymatic activity
(Wang et al. 2008). In addition, after the addition of
biofertilizers, the soil environ-ment of the rhizosphere
improved and the number and type of microorganisms
and root exudates increased, thereby increasing
phosphatase  activity. However, with mineral
fertilization, a decrease in phosphatase activity can be
observed due to its effects on pH and TDS values,
which could significantly change the soil environment
and destroy the living conditions of enzymes., causing
a decrease in phosphatase activity (Koksal et al.
2012). Numerous studies have proven that in addition
to pollution, excessive fertilization also has a bad
impact on the quality of plant phytonutrients and a
decrease in antioxidant content (Bursal, 2013).
Antioxidant enzymes play an important role in
scavenging reactive oxygen species (ROS) generated
by environmental stress which is believed to lead to
increased cell death, stunted plant growth and reduced
crop productivity (Simova-Stoilova et al. 2008). PODs
(E.C. 1.11.1.7) are involved in a variety of
biochemical and physiological functions. Wound
healing, hormonal regulation, general stress response,
synthesis of cell wall components, protection of
tissues from physical damage, and control of defense
mechanisms against pathogens are some of the
functions offered (Bursal, 2013). Additionally, PODs
play a role in maintaining crop quality, including
unwanted flavor and color changes (Simova-Stoilova
et al. 2008). Catalase (CAT) and peroxidase (POD)
enzymes are important antioxidants that play a major
role in defense against ROS. Nutrient management
practices play a main role in the antioxidant and
enzyme de-fense activity of cabbage and lettuce
(Simova-Stoilova et al. 2008). The results showed that
the activity of POD and CAT was positively affected
by the application of the mixed treatment (AMF and
50% RMF). The positive relationship between
biofertilization and antioxidant enzyme activity has
been recorded in cabbage (Bursal, 2013). Moreover,
Abdel-Fattah and Al-Amri (2012) reported that POD
activity increased with biofertilization in cabbage and
lettuce. The results showed that the improvement in
growth and vyield due to the use of a mixed fertilizer
had a positive impact on the activity of antioxidant
enzymes. These results proved that the bio-
fertilization make the balance conditions between the
reactive oxygen (ROS) and antioxidant enzymes
(Cong et al. 2015). The economics of traditional
farming systems, high input systems using chemical
fertilizers, simplified crop diversity, leading to
potential problems of soil degradation, pollution and
low resilience risk. Therefore, use biofertilizers, with a
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system of intercropped studied with high economic
performance (Hauggaard-Nielsen and Jensen , 2005;
Guvenc and Yildirim , 2006). All results showed that
the values of land use efficiency in intercropping
systems were always greater than 1, indicating gains
in productivity and efficiency of land and resource use
of these systems. systems compared to the
monoculture system (Guvenc and Yildirim , 2006).
The highest values were obtained in the cabbage and
let-tuce intercropping system with mixed fertilization
treatment (1.22). These findings are supported by
Varghese (2000), and Santos et al. (2002), who
examined the effectiveness of mixed crops against
monocultures in different combinations of crops. This
efficiency might be attributed to the more efficient use
of available resources per unit area, especially when
nutrients and water were provided in sufficient
guantities (Abdrabbo et al. 2015). Furthermore, it has
been reported that the efficiency of intercropping
systems is very efficient when the constituent crops
differ significantly in growth times, so that their
greatest need for growth sources occurs at different
times (Brooker et al. 2015).

The results obtained in this study indicated
that mixed cropping systems could increase total
yield, productivity and profitability. The cabbage inter
cropping system varied in growth, yield, quality,
sustainable soil health, and nutrient uptake depending
on the com-bination of fertilizer treatments (Guvenc
and Yildirim, 2006). All results indicated the efficacy
of Diofertilization in combination with the
intercropping system (Gebru, 2015). The previous
result proved that the ef-ficiency of intercropping
cultivation system in economic and applied side. In
addition to, the use of non-mineral fertilization, not
only did not affect negatively on productivity but also
increase the production of cabbage and lettuce in
mono and intercropped system (Raseduzzaman and
Jensen, 2017). The importance of reducing mineral
fertilization and the environmental benefits in
reducing its negative effect on the soils and
maintaining the sustainability of the farming re-
sources as well as preserving the health of population
by reducing the use of mineral fertilization. In the
intercropping of a lettuce crop with a cabbage crop,
about 25% of the lettuce area is saved for the
cultivation of other crops in addition to achieving an
additional re-turn for the farmer while maintaining the
return of the main crop, which is cabbage. The two
indicators of efficiency of land and water utilization
and use in intercropping also showed a rise, and this
shows the extent of the intercropping efficiency of
cabbage and lettuce crops. Therefore, we recommend
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intercropping cabbage and lettuce by using AMF in
the fertilization, because of its economic benefits for
the farmer and its benefits at the level of the economy
by providing 25% of the lettuce area for cultivat-ing
other crops. In addition, it is achieving an efficient
using for land and water resources, and because of its
positive environmental impact on maintaining the
sustainability of land and water suppliers in particular
(Smith et al. 2011). The sustainability of the farming
system is influenced by the economic returns, which
determine the commercial profitability of the
numerous systems of association. It has been recorded
that intercropping approach could lead to
enhancement in horticultural productivity per farm
area and an increase in profit-ability (Corre-Hellou et
al. 2006).

5. CONCLUSION

This study presented the unique sustainable ways
for small farmers with limited re-sources, especially
irrigation water, to achieve greater yield efficiency and
higher net income and to use their own manpower and
inputs more efficiently. Also use biofertilization as an
alternative to mitigate adverse impacts on the
environmental balance, climate, economic pressures
and soil degradation. The present study showed that
cabbage-based mixed cropping systems were more
productive, more profitable, and had higher soil and
resource use efficiency than cabbage monoculture.
The study showed that growing intercropped did not
negatively impact cabbage yield, but instead increased
intercrop lettuce yield. The intercropped cultivation
system has explored a great overrun due to crop
growth, lettuce considered the short-season vegetable
crop planted among the full-season vegetables for the
complementary depth and spread of root systems, a
serious competition to exclude light, water and
nutrients. The study was an attempt to maximize the
utility of the territory and of all resources. Cabbage
has also been reported to be sustain than lettuce.
Cabbages can take full advantage of all available
resources to complete their growth after the
intercropped harvest. Additionally, the long-season
crop can grow slowly in the first half of the growing
season and only form a full canopy after several
weeks, providing the oppor-tunity for intercropped
between rows. In this study, differences in growth
rate, maturation time, morphological traits, or resource
use of main and intercropped may have reduced or
displaced intercrop competition due to the
complementary effects of inter cropped. It is explained
that this occurs by an increase in the activity rate of
microorganisms in the soil, as shown by the increase
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in the activity of soil enzymes. In addition to the
significant economic implications for the efficient use
of water, soil and material yield from doubling the
harvest in unit area. The study revealed that the
activity of the antioxidant enzyme showed significant
differences between the mono and intercropped
systems on the side of the intercropped systems. The
recorded results showed that the use of biofertilizers
can improve the uptake of N, P and K and improve
soil properties, reflecting economic efficiency. The
mycrohiza improved the biological activity of the soil,
dehydrogenase and the formation of nitrogen and the
available nitrogen, phosphorus and potassium,
resulting in an increase in total dissolved solids (TDS)
and a decrease in soil pH. The companion system not
only improves soil use efficiency but can also improve
soil quality, increase yield stability and reduce
dependence on mineral fertilizers and the risk of
leaching of nitrates compared to monoculture.
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