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Abstract 

Background:  Intercropping systems play an effective role in increasing the efficiency of land usage and improv‑
ing the economic return. During the seasons of 2018 and 2019, the field experiment was conducted to evaluate the 
effects of snap bean intercropping on the growth and nutritional status of young almond trees. Examine the impact 
on snap bean plant growth, green and dry yields, and quality. In addition, evaluate the impact of snap bean incorpo‑
ration in the soil on soil chemical characteristics. The snap bean Bronco cv. was planted in two rows between rows 
of 5 × 5 m almond trees, and after harvest, snap bean plants were incorporated (20 cm deep) into the soil and the 
chemical characteristics of the soil were examined after 60 days.

Results:  The growth characteristics and leaf chemical constituents of almond young trees were significantly 
increased under the intercropping with snap bean plants. The highest growth, yield and pods quality of snap bean 
were recorded by intercropping with almond trees compared to the sole plants. Incorporation of the snap bean in 
the soil after harvest promoted a difference in pH and organic carbon content and increases the available contents 
of N, P and exchangeable elements of K, Ca and Mg in soil after 60 days incorporation compared with soil without 
incorporation.

Conclusions:  Intercropping the snap bean Bronco cv. between the almond trees and incorporate it into the soil after 
harvesting to maximise the use of the land area and obtain the highest profit.
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Background
In recent years, lowering soil erosion and water losses, 
restoring environmental balance, enhancing land-use 
efficiency and raising economic benefits of land unit 
area have been widely focused on the profitability and 
sustainability of production management. Intercrop-
ping is one of the main pillars of sustainable agriculture, 
and it is widely used in many regions of the world due 
to its numerous benefits, including efficient input utiliza-
tion, nutrient exchange, weed competition and pathogen 

reduction (Daizy et  al. 2008; Ghosh and Pal 2010), 
increased soil fertility (Pardon et  al. 2017) and higher 
productivity per unit of land area than the monoculture 
of either crop (Daizy et al. 2008; Philip et al. 2017; Sham-
pazuraini et al. 2021).

Intercropping cultivation demonstrates every day that 
it is possible to improve agricultural practices in order 
to make agricultural investment a sustainable practice, 
significantly benefiting producers of small farms, where 
the absolute majority has limited physical area for their 
crops (Vieira et al. 2014; Brito et al. 2017). Factors such 
as tolerance to competition for vegetative growth, time of 
associations, arrangements and management used and, 
finally, the quantity and value of the product harvested 
will influence the financial results of intercropped crops 
(Brito et al. 2018). Cropping in the orchard’s interspaces 
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not only creates extra income, but it also helps to pre-
vent soil erosion by providing ground cover and improves 
the physicochemical condition of the soil (Gajbhiye et al. 
2020; Kumar 2020).

Almond (Prunus amygdalus B) trees begin to bear fruit 
three years after they are planted in the orchard. Because 
almond trees are often planted at 5 × 5 m spacing, there 
is more than enough space for producing vegetable crops 
in the early years, especially from the start of the growing 
season until the trees become dormant. It is necessary to 
have a good capacity for interspecific combination when 
choosing the species to be intercropped, as this will result 
in higher output and agroeconomic efficiency in inter-
cropped systems (Camili et  al. 2013). The higher gross 
income has been recorded from the various intercrops 
under the intercropping system in papaya (Gadre 1997) 
and in guava with vegetable crops as compared to guava 
grown as a sole crop (Singh et  al. 2015). Gajbhiye et  al. 
(2020) had further reported that the highest net profit 
from the cashew-based intercropping system with Yard-
long bean.

Snap bean (Phaseolus vulgaris L.) is one of the world’s 
most important fresh market vegetable crops. For mil-
lions of individuals in countries all over the world, it is a 
vital source of dietary fibers, calories, protein, carbohy-
drates, vitamins and minerals (Shehata et  al. 2011). The 
snap bean plant is one of Egypt’s most important vege-
table crops, grown for both domestic consumption and 
export. Bean plants are grown on a total of 60,000 fed-
dans, yielding roughly 28,530 tonnes of beans every year 
(FAO 2010). Thus, intercropping snap bean cv. Bronco 
with young almond trees cv. Nonpareil offers another 
option for making almond cultivation sustainable, pro-
moting the generation of an additional source of income 
and optimizing land-use efficiency, as well as provid-
ing nutrients to the intercropped young almond trees 
through biological nitrogen fixation (Toamia 2006). The 
goal of this experiment was to determine the effects of 
snap bean intercropping on growth and nutritional sta-
tus of young almond trees. Also, investigate this effect on 
snap bean plant development, green and dry yields and 
quality, as well as the impact of snap bean incorporation 
on soil chemical characteristics.

Methods
A field experiment was conducted during two successive 
seasons of 2018 and 2019 on three years old of almond 
cv. Nonpareil (Prunus amygdalus B.) trees budded on 
bitter almond rootstock uniform in vigor, with plant-
ing space 5 × 5  m grown under drip irrigation system 
at Experimental Research Station of National Research 
Centre at Nubaria, El Behera governorate, Egypt. The soil 
of the experimental site, as average of the two seasons, 

was sandy in texture with pH of 7.88 and contained 1.7% 
HCo3, 2.84% organic matter and 0.99% total nitrogen. 
The experimental area was arranged in a completely ran-
domized design with three replicates with four trees per 
replicate.

Intercropping materials
Snap bean (Phaseolus vulgaris L) Bronco cultivar seeds 
were planted on two sides of soil beds, 40  cm width at 
10 cm apart within the plant rows on the 1 April in the 
two seasons of the study and harvested on the 30th of 
July. All other agricultural practices for snap bean cul-
tivation followed the Egyptian Ministry of Agriculture’s 
standard recommendations for commercial producers. 
After snap bean harvest, all plants inside the rows were 
incorporated into the soil (20 cm). After 60 days, five soil 
samples (30 cm) were randomly collected from the inter-
cropping usage area and pooled to generate a homoge-
nous mixture of samples for examination.

Measurements
Almond trees
Growth parameters  Stem length (cm) and diameter 
(mm), number of branches/tree, number of leaves/tree, 
leaf fresh weight (g) (average of 25 leaves) and leaf dry 
weight (g) were measured in mid-August of both seasons. 
The Cl-202 portable laser leaf area meter was used to 
measure the leaf area (cm2). The following equation was 
used to calculate the specific leaf dry weight SLDW (mg/
cm2):

Leaf chemical constituents  Leaf samples were taken 
from the middle of the current season’s growth, washed 
and dried at 70 °C until a consistent weight was reached 
for determining the percentages of nitrogen, phospho-
rus and potassium (% as dry weight) according to AOAC 
(1985).

Total chlorophyll  Total chlorophyll (SPAD unit) was 
directly measured using a SPAD-502 chlorophyll meter.

Snap bean plants
Plant growth measurements  After 45  days of sowing 
(flowering stage), a representative sample of 6 plants was 
randomly selected from each experimental plot to meas-
ure the following growth characteristics:  plant height 
(cm), number of leaves and branches per plant, total fresh 
weight and plant dry weight [determined at 65 °C for 72 h 
using standard methods as illustrated by AOAC (1985)].

Specific leaf dryweight =
Leaf dryweight (g)

Leaf area(cm2)
× 1000
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Total chlorophyll  Total chlorophyll content of the sixth 
mature leaves was directly measured using a SPAD-502 
chlorophyll meter.

Green pods yield and  its attributes:  Green pods were 
collected during the harvesting season (40  days) at the 
harvest stage and the following data were recorded: total 
green pod yield per feddan (g) fresh and dried weight 
pods.

Quality of  green pods  Samples of 100 random green 
pods were taken at second picking, and the average pod 
length and diameter were recorded.

Nutritive value
Samples of 50 random green pods were collected at sec-
ond picking, and the following parameters were recorded.

Total soluble solids (TSS, %)  Total soluble solids were 
measured using the hand refractometer, according to the 
method described by AOAC (1985).

Percentage of fiber pods  The percentage of pods fiber was 
measured according to method of Rai and Mudgal (1988).

Percentage of pods’ total protein  The percentage of pods’ 
total protein was calculated using the 6.25 factor to the 
conversion of total nitrogen to protein percentage.

Soil chemical analysis
According to the method of Tedesco et al. (1995), avail-
able N, P and exchangeable K++, Ca++ and Mg++ were 
analyzed. The sample’s soil pH was measured in water 
(1:2.5 v:v) using a pH meter according to Tedesco et  al. 
(1995). The wet combustion with 5 mL of 0.167 mol L1 
potassium dichromate and 7.5  mL of concentrated sul-
furic acid at 170 °C for 30 min was used to estimate soil 

organic carbon (OC) according to Yeomans and Bremner 
(1998).

Economic evaluation
The amount of snap bean seeds needed to cultivate the 
area between the rows of almond trees was calculated 
based on the amount of seeds per feddan (30–40 kg) and 
the snap bean cultivated area under the intercropping 
system (2400 m2). To determine the income of snap bean, 
the total yield of snap bean for the two seasons was added 
together and multiplied by an average market price (28 
LE/kg) as follows (CIMMYT 1988):

Revenue of snap bean = average market price × quan-
tity produced (kg) × cultivated area (m2); Net revenue of 
snap bean = Revenue − Total cost of snap bean; the ben-
efit–cost ratio of snap bean was determined according to 
Nahed, et al. (2015), by dividing the revenue/Total cost; 
Net profit from intercropped young almond trees with 
snap bean = Net revenue of snap bean − Total cost of 
almond.

Statistical analysis
Mstatic (M.S.) software was used to perform statistical 
analysis on all data according to Snedecor and Cochran 
(1981). The comparison among means of the different 
treatments was determined. The least significant differ-
ences test was used to compare the treatment means at 
the (0.05) level of significance.

Results
Effect of intercropping system on nutritional status 
and growth of young almond trees
The obtained results are shown in Table  1. Reveal that 
the intercropping of snap bean plants in-row space 
between almond trees has a significant effect on vegeta-
tive growth characteristics of almond trees. Almond trees 
intercropped with snap bean plants recorded the highest 
stem length, stem diameter, number of branches, number 

Table 1  Effect of intercropping on almond growth

Values with diferent letter across the same row are signifcantly diferent (p < 0.05)

Intercropping 
system

Stem length 
(cm)

Stem 
diameter 
(mm)

No. of 
branches/
seedling

No. of 
leaves/
seedling

Leaf area (cm2) Leaf fresh 
weight 
(g)

Leaf dry weight 
(g)

Specific leaf dry 
weight (mg/cm2)

2018

 Almond alone 71.75 B 9.75 B 5.50 B 389.25 B 2.39 B 22.46 B 17.20 B 722.03 B

 Almond + Snap 
bean

81.00 A 12.10 A 12.20 A 600.10 A 2.55 A 28.45 A 23.46 A 919.82 A

2019

 Almond alone 70.38 B 10.50 B 7.50 B 378.75 B 2.32 B 26.12B 21.37 B 928.89 B

 Almond + Snap 
bean

92.25 A 13.00 A 15.00 A 705.75 A 2.56 A 32.50A 25.15 A 982.39 A
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of leaves, leaf area, leaf fresh weight, leaf dry weight and 
specific leaf dry weight in both seasons, respectively, 
compared to almond alone.

Regarding the effect of the intercropping system on 
leaf elementals and total chlorophyll content of almond 
trees, Table 2 shows that the intercropping treatment sig-
nificantly increased N, P and K percentages in leaves and 
total chlorophyll content compared to the alone tree sys-
tem during the two growing seasons.

Effect of intercropping system on growth, yield and quality 
of snap bean plants
As indicated in Table  3, intercropping had a consider-
able impact on the vegetative growth characteristics 
of the green snap bean. Intercropping snap beans with 
almond trees resulted in the highest growth parameters 
(plant length, number of leaves per  plant, number of 
branches per plant, fresh weight of plant and leaf chlo-
rophyll content).

Concerning yield and quality parameters, data in 
Table 4 show that the yield of green snap beans was sig-
nificantly affected by intercropping treatments. Inter-
cropping green beans on almond trees had a significant 
effect on pod parameters, i.e., length, diameter, fresh 
weight, dry weight, total yield, protein, fibers and TSS 
in the two study seasons. The highest values of yield 
and yield parameters were obtained with intercropping 
systems compared to sole plants.

Soil chemical analysis
As snap beans were incorporated into the soil after har-
vesting, the chemical characteristics of the soil changed 
when compared to that had not been incorporated 

Table 2  Effect of intercropping on almond leaf elemental 
content and total chlorophyll

Values with diferent letter across the same row are signifcantly diferent (p < 0.05)

Intercropping system Leaf elemental content Total chlorophyll

N % P % K %

2018

 Almond alone 1.20 B 0.462 B 1.35 B 36.96 B

 Almond + Snap bean 1.54 A 0.530 A 1.49 A 40.42 A

2019

 Almond alone 1.23 B 0.480 B 1.38 B 37.78 B

 Almond + Snap bean 1.58 A 0.557 A 1.51 A 43.02 A

Table 3  Effect of intercropping on snap bean growth

Values with diferent letter across the same row are signifcantly diferent (p < 0.05)

Intercropping system Plant length (cm) No. of 
leaves/
plant

No. of 
branches /
plant

No. of pods/plant Total plant 
fresh weight 
(g)

Dry matter (%) Chlorophyll (SPAD)

2018

 Snap bean alone 43.15 B 12.4 B 3.40 B 15.20 B 66.23 B 14.35 B 26.31 B

 Almond + Snap bean 75.32 A 19.5 A 5.91 A 18.45 A 81.23 A 19.45 A 31.20 A

2019

 Snap bean alone 51.36 B 11.2 B 4.56 B 14.56 B 67.83 B 15.46 B 25.61 B

 Almond + Snap bean 81.20 A 18.5 A 6.12 A 17.56 A 91.26 A 18.24 A 28.45 A

Table 4  Effect of intercropping on snap bean yield and pod quality

Values with diferent letter across the same row are signifcantly diferent (p < 0.05)

Intercropping system Pod length (cm) Pod 
diameter 
(cm)

Fresh 
weight pod 
(g)

Dry weight 
pod (g)

Total yield 
(ton/fed)

Protein (%) Fibers (%) TSS (%)

2018

 Snap bean alone 9.23 B 0.51 B 4.56 B 1.50 B 3.91 B 22.7 B 7.1A 4.6 B

 Almond + Snap bean 11.00 A 0.81 A 5.89 A 1.91 A 5.11 A 27.8 A 5.3 B 5.3 A

2019

 Snap bean alone 8.45 B 0.47 B 3.80 B 1.46 B 4.12 B 21.1 B 6.5 A 3.2 B

 Almond + Snap bean 12.45 A 0.73 A 4.63 A 1.86 A 6.23 A 28.3 A 4.9 B 4.9 A
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(Table 5). Incorporation resulted in a difference in soil 
pH and organic carbon content 60  days after applica-
tion compared to soil without incorporation during the 
two seasons of the study. Incorporation enhanced the 
content of available N, P and exchangeable K, Ca and 
Mg in both seasons.

Economic return of intercropping almond trees with snap 
bean
The study did not include almond trees and snap bean 
plants because the fixed production costs, such as soil 
rent and electricity usage, are the same for both. Table 6 
shows the economic analysis influenced by the inter-
cropping system of both almond and snap bean. Snap 
bean revenue is roughly 26.880 LE, and the difference 
between the total cost and revenue is the net revenue 
from snap bean cultivation, which is around 13.635 LE.

The profit percentage was represented by the benefit–
cost ratio, which was calculated as a revenue-to-cost 
(R/C) ratio, with its value representing the economic 
feasibility of the proposed treatment. When the R/C 
ratio is less than one, the proposed treatment is not fea-
sible in terms of cost to revenue. However, if the R/C 

ratio is greater than one, the project is profitable (Abd-
Alrahman and Aboud 2021). Based on the R/C ratio 
of 2.03 and the net profit for farmers after deducting 
the cost of almond trees of roughly 3.574 LE (Table 6), 
intercropping with snap beans yielded a high return or 
profit and was economically viable.

Discussion
Effect of intercropping system on nutritional status 
and growth of young almond trees
Almond trees intercropped with snap bean plants 
recorded the highest vegetative growth characteris-
tics in both seasons, compared to almond trees alone. 
The intercropping treatment significantly increased 
N, P and K percentages in leaves and total chlorophyll 
content compared to a single tree system in both sea-
sons. This might be attributed to the good effect of 
snap beans on soil fertility and physiological proper-
ties that lead to enhanced growth and nutritional status 
of almond trees. These results are in accordance with 
those obtained by El-Karamity et  al. (2020) when they 
intercropped maize with soybean. This is mostly due 
to the ability of soybean as a legume plant to fix N2 in 
poorly fertilized fields (Toamia 2006), leading to a sig-
nificant amount of residual nitrogen for maize plants 
and encouraging their growth through an increased 
rate of photosynthesis, producing more dry matter, 
increasing the meristematic activity and stimulation of 
cell elongation.

The promotive effect of intercropping on almond leaf 
chemical constituents, which was proved here, agreed 
with those stated by Ali et  al. (2019) on pomegranate 
trees when intercropped with sweet basil and rosemary. 
Also, Abdrabbo et al. (2013) found that growth charac-
teristics and NPK content in the leaves of orange trees 
were increased when intercropped with potato plants. 
Moreover, Surucu and Demirkiran (2013) discovered 
that using barley, vetch or a blend of vetch and barley as 
intercropping plants had no negative impact on pista-
chio tree nutrient content.

Table 5  Soil chemical characteristics with and without snap bean incorporation

Values with diferent letter across the same row are signifcantly diferent (p < 0.05)

Intercropping system pH OC
(g/kg)

N
(mg/kg)

P
(mg/kg)

K++

(mg/kg)
Ca2+

(mg/kg)
Mg2+

(mg/kg)

2018

 Without incorporation 7.49 B 7.09 B 17.20 B 4.20 B 64.83 B 46.03 B 26.85 B

 With incorporation 7.53 A 18.18 A 40.38 A 14.05 A 88.44 A 60.04 A 37.71 A

2019

 Without incorporation 7.32 B 7.12 B 17.33 B 4.69 B 64.94 B 46.79 B 28.65 B

 With incorporation 7.82 A 18.37 A 39.73 A 15.77 A 88.04 A 67.59 A 39.30 A

Table 6  Economic analysis of intercropping almond with snap 
bean

Item value Price (LE)

Snap bean Almond

Fertilizers 1955 1391

Irrigation 6420 4550

Workers 4150 4120

Snap bean seeds 720 –

Total 13.245 10.061

Revenue of snap bean 26.880

Net revenue of snap bean 13.635

Benefit cost ratio 2.03

Net profit 3.574
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Effect of intercropping system on growth, yield and quality 
of snap bean plants
The yield and quality of green snap beans were sig-
nificantly affected by intercropping with almond trees. 
Intercropping green beans on almond trees had a sig-
nificant effect on pod parameters, i.e., length, diameter, 
fresh weight, dry weight, total yield, protein, fibers and 
TSS in both seasons. These findings are consistent with 
those of Srivastava et al. (2007), Mousavi and Eskandari 
(2011) and Gebru (2015). This can be explained on the 
basis of the advantages of intercropping with legumes 
observed in previous studies (Olasantan 1991; Costa 
and Pereram 1998).

Soil chemical analysis
Incorporating soil with organic carbon was found to 
increase the content of available N, P and exchangeable 
K, Ca and Mg in both seasons. The incorporation of snap 
beans after harvest for a short period of time (60  days) 
increased the levels of several chemical components in 
the soil, implying that this strategy could improve soil 
fertility quickly. These findings are consistent with those 
of Astier et al. (2006), Partey et al. (2014) and Carvalho 
et  al. (2015). This may be due to legume species having 
positive effects on increasing element soil content after 
decomposition, which contains high quantities of N, P, 
K, Ca and Mg and aids in the release of important nutri-
ents for crops. The findings showed that adding snap 
beans to the soil altered the pH, indicating that soil pH is 
sensitive to short-term changes in soil quality caused by 
various soil or crop management strategies. As shown in 
prior studies, incorporation enhances soil organic carbon 
(OC) (Dou and Hons 2006; Huang et al. 2010). Legumes, 
according to Carvalho et al. (2015), increase soil micro-
bial activity. Microbial growth is also proportional to soil 
organic matter decomposition (Sicardi et al. 2004), which 
could be attributed to increased availability of organic 
carbon and other nutrients.

Economic return of intercropping almond trees with snap 
bean
To reduce the total cost in the first stage before fruit-
ing, this economic consideration recommends inter-
cropping snap bean plants between the rows of almond 
trees. Intercropping fruit trees with vegetable crops, on 
the other hand, ensures proper orchard management and 
increases the output and productive life of fruit trees. 
As a result, these vegetable crops can be thought of as 
contributing crops that increase tree productivity at the 
expense of yield. Farmers’ net returns improve as a result 
of the additional revenue gained from orchards due to 
intercropping of vegetable crops (Singh et al. 2018).

The high cost–benefit ratio of these cropping systems 
may be due to the high yield and market price of prod-
ucts with low investment involved in their cultivation 
(Nair et al. 2000; Ghosh and Bandopadhyay 2011; Kumar 
et  al. 2013); the present finding was in agreement with 
the results of Nair et  al. (2000), Ghosh and Bandopad-
hyay (2011), Kumar et al. (2013) and Singh et al. (2015). 
Kashyap et  al. (1989) and Prasanna et  al. (1995) found 
similar results (1995). The high cost of planting mate-
rials may be to blame for the high cost of cultivation in 
the growing of intercropping systems. However, inves-
tigations indicated that intercropping enhanced the net 
return per hectare in many fruit orchards due to the 
additional income generated by intercrops (Hugar et  al. 
1991; Singh et al. 2015, 2016).

Conclusion
The study highlighted the positive effects of intercrop-
ping almond with snap bean and tillage it in the soil after 
harvesting on chemical properties and soil fertility, and 
growth, nutritional status of almond trees. Intercropping 
had significant effects on the vegetative growth of green 
beans, yield and snap bean pods quality than sole plants. 
Therefore, we can recommend cultivating snap bean 
Bronco cv. between rows of almond trees and incorpo-
rate it in the soil after harvesting in order to maximize 
the utilization of the unit area and obtain the greatest 
profit.
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