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ABSTRACT

Intercropping system has been reported to enhance quality and yield obtained per unit
area. Therefore,the current study was carried out to assess the impact of intercropping of
Zucchini or broad beans with strawberry and also, intercropping (IC) Zucchini with broad
beans on growth, quality, yield and the economic viability of the studied crops in the mixed
IC, compared to the mono-cropping of these crops. A field experiment was carried out
during 2017- 2018 and 2018-2019 . According to results of this study, intercropping of
strawberry with broad beans achieved significantly the highest levels of anthocyanin
content in strawberry fruits compared to the other treatments in both seasons. Maximum
yield of strawberry crop was obtained from sole cropping as well as that obtained from
strawberry-broad beans intercropping. Intercropping of Zucchini with broad beans resulted
in significantly higher yields of both crops as compared with their sole cropping. Yield of
broad bean and Zucchini increased by 18.1% and 26.9 % respectively as compared with
their sole cropping which indicate yielding efficiency enhancement as a result of
intercropping. Land equivalent ratio (LER) of strawberry- Zucchini intercropping was, on
averagel.2 for both years. Whereas, with regard to strawberry-broad beans intercropping
was, on average forl.3 for both years, while it was 2.45 when Intercropping Zucchini with
broad bean. Intercropping Zucchini with broad bean gave the highest relative yield for both
of them compared with the other treatments and also, the highest monetary advantage index
(MAI).
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INTRODUCTION

Because of the rapidly growing human population, it is becoming necessary to enhance
crop productivity or to increase the use efficiency of existing croplands (Wiebe K.et
al.,2021). Lately, intercropping has received a great attraction because of the yield
improvement particularly with the rising challenges of environment, resources, and food
(Ying Chao Liu et al., 2017). Intercropping systems are thought to be helpful for solving
these challenges and are already practiced in many parts of the world (Francis, 1985).



Intercropping is one of the conventional practices which is the cultivation of two or more
crops together within the same area (Kizilsimsek and Erol, 2000), and within a given year
(Willey et al., 1989).Intercropping systems increase crop and land productivity due to its
positive effects on the soil quality (Li et al., 1999) and on the efficiency of resources (Li et
al., 1999) including water (Morris and Garrity, 1993), light, and available plant nutrients
(Mucheru- Muna et al., 2010). Additionally, intercropping offers conservation for soil as a
result of the increasing ground cover (Jarenyama et al., 2000). It also minimizes pesticides
use by controlling pests and diseases which is essential for better human health (Pelzer et
al., 2012). It suppresses weeds and decreases the chance of total crop failure as the
improved yield of one crop compensates for the yield reduction of the other (Baumann et
al., 2000). The improved quantity and quality of crop yield through intercropping system
minimize the total cost of production, and consequently increase the profitability (Guvenc
and Yildirim, 2005and 2006).

Strawberries (Fragaria x ananassa) are recommended for human consumption for
their health benefits (Nile and Park, 2014), antioxidant properties, and high nutritional
values (Tulipani et al., 2014). Strawberries are cultivated for local use and exportation, and
are consumed as fresh or processed like jam and juice. Recent studies showed an increase
in the land equivalent ratio and gross income in the garlic with strawberry intercropping
systems (Hata et al., 2019). Still, more information on the use of appropriate intercropping
systems in strawberry production is needed.

Generally, intercropping with legumes enhances soil fertility (Muthuraman et al,
2020) and nutrient utilization which enhance crop productivity per unit area of the land due
to the atmospheric nitrogen fixation by legumes root nodules. Faba beans are commonly
utilized in intercropping systems (Lithourgidis et al.2011). Intercropping with faba bean
enhances land and N use efficiency (Shanmugam et al. 2021) because they improve
nitrogen content in soil, consequently, enhance yields and increase economic returns
(Lithourgidis et al. 2011). Legumes, including Faba beans benefit all other plants especially
heavy feeders like zucchini as nitrogen-fixing plants providing them with the nutrients they
need. The large leaves of zucchini plants might shade the soil and reduce the germination
of weeds, while the spiny leaves prevent rodents that might enjoy a bean or strawberry
fruits (Gliessman, S. 1988). Therefore, the aim of the present study was to evaluate the
efficiency of strawberry, zucchini and faba beans grown as sole crops and when
intercropped with each other on yield, quality and economic return.

MATERIALS AND METHODS

Experimental design and treatments


https://en.wikipedia.org/wiki/Fruit_preserves
https://en.wikipedia.org/wiki/Juice

A field experiments was carried out at the Experimental Farm of the Vegetable Crops
Department, Faculty of Agriculture, Assiut University, Assiut, Egypt, during 2017-2018
and 2018-2019 winter seasons. Soil texture of the experimental site was clay with an
average pH of 7.65. Planting was carried out in the last week of September for strawberry
and zucchini, whereas it was in the first week of October for faba bean in both years.
Strawberry (Fragaria x ananassa L. Duch.) namely, “Hybrid 43”as main crop was
intercropped with faba bean (Vicia faba L.) cultivar namely, “Giza 3” and zucchini
(Cucurbita pepo L.) hybrid namely, “New Eskandrany F1”as secondary crops in the two
successive seasons. The experiment consisted of eighteen plots in total (six treatments and
three replications) in first season of the study. Treatments were as follows: strawberry-faba
bean intercropping system, strawberry- zucchini intercropping system, sole faba bean
(planted on both sides of row), sole zucchini (planted on the southern side of the row), and
sole strawberry (planted at both sides of the row). Second season of experiment consisted
of the same treatments but faba bean-zucchini intercropping treatment was added to the
experiment. Therefore, the experimental plots were 21 in total in the second season

(consisted of seven treatments and three replications).

Cold-stored (frigo) transplants of strawberry were obtained from the Faculty of
Agriculture, Ain Shams University, Cairo, Egypt (Eagseed company). Before
transplanting, plantlets were dipped in a fungicide 0.2% Rizolex solution for 20 minutes.
Strawberry planting was done 30 cm apart on both sides of rows in both years. Healthy
faba bean seeds were sown 30 cm apart on the northern side of the rows, whereas healthy
zucchini seeds were sown 40 cm apart on the southern side of the row. Each experimental
plot consisted of two rows. Each row was 3.5 meters long and with 70 cm width. The
experiment was laid out in a randomized complete block design (RCBD) with three
replications. Agricultural practices of irrigation, pest control, disease control, etc, were

applied as recommended for strawberry production.
Data collection

1. Data collection for strawberry crop



a. Yield and its components

Fruits were harvested from the last week of February to the end of April. Number of
fruits /plant was calculated at each fruit harvest. Average fruit weight (g), fruit length (cm)
and fruit diameter(cm) were measured from two midterm pickings from each plot. Fruit
length was measured from the calyx plug to the apex of the fruit using a Vernier clipper.
Fruit diameter (cm) was also measured with the use of Vernier clipper. Early fruit yield of
the first 3 pickings were weighed from each plot then expressed in Kg per feddan . All over
the growing season, harvested fruits were weighed and total yield (kg/feddan) was

calculated.
b. Fruit quality measurements

Quality parameters were measured at the two midterm pickings. Total soluble solids
percentage (TSS%) was determined using a hand refractometer. Total acidity was
estimated according to (AOAC. 1984). TSS/ acid ratio was calculated. Total anthocyanin
content (mg/100 g of fruit fresh weight) was determined according to Rabino and
Mancinelli (1986). Vitamin C content (mg/100 g of fruit fresh weight) was estimated by
the titration method according to AOAC (2000).

2. Data collection for faba bean crop
a. Vegetative growth measurements

Vegetative parameters for five plants of faba bean in each plot were recorded: plant
height (cm), number of branches per plant were counted, and stem diameter (cm) was

measured using a Vernier clipper.
b. Yield and its components

Pod length (cm) and pod diameter (cm) were measured with the use of a Vernier clipper.
Number of seeds per pod was counted and seeds from each plot were weighed, then total

yield (ton/feddan) was calculated.

3. Data collection for zucchini crop



a.Yield and its components

Fruits were harvested from the last week of December until the end of April. Three
midterm pickings from each plot were used to estimate fruit length (cm), fruit diameter
(cm) (at the top, middle, and bottom positions of each fruit), and average fruit weight (g).
Fruit length and diameter were measured with the use of a Vernier clipper. Early yield was
estimated for the first 3 pickings in kg/feddan, then expressed as (ton/ feddan). All over the
growing season, harvested fruits were weighed, and total weight was calculated in

kg/feddan, then expressed as total yield (ton/ feddan).
4.Intercropping efficiency parameters
a. Land equivalent ratio (LER)

Land equivalent ratio (LER) was calculated according to Willey, (1979a) as

follows:
LER = (intercropping yield of main crop/ monocrop yield of main crop) + (intercropping
yield of second crop/ monocrop of a second crop).

When the LER value is one, there is no advantage to intercropping over sole cropping
while for values of LER < 1, means that intercropping is less effective as comparing to
sole crop, that means more land is needed to produce a given yield by each component as
an intercrop. However, LER > 1, means that intercropping is advantageous and more

effective regardless productivity compared to sole cropping (Vandermeer, 1989).
b. Aggressiveness values
Aggressiveness values were calculated according to McGilchrist (1965) where:

Aggressiveness for main crop = (intercropping yield of main crop/ expected yield of

main crop)- (intercropping yield of second crop/ expected yield of second crop).

Aggressiveness for second crop = (intercropping yield of second crop/ expected

yield of second crop)- (intercropping yield of main crop/ expected yield of main crop).



The expected yield = yield of monocrop x the fraction of the area occupied by

intercropping (0.5 for the 3 crops)
c. Monetary advantage index (MAI)

Economic feasibility of the study should be in terms of the value of land saved,
biased on the land return .. MAI was calculated according to Willey (1979a):

Value of combined intercrops x (LER — 1)

In Egyptian pound, strawberry price was 15 L.E./kg fruits, 28 L.E./kg for faba bean
seed yield, and 8 L.E./kg for zucchini fruits as an average market price over the two

seasons of the study.
Statistical analysis

Data were statistically analyzed using 1998-2004 CoHort Software, CoStat
Software, version 6.303 (798 Lighthouse Ave. PMB 320, Monterey, CA, 93940, USA).
Means of the treatments were compared by Least Significant Differences (LSD) at 5%

probability level.
RESULTS

Effect of intercropping systems on strawberry yield and yield components

Sole planting of strawberry, particularly those grown on the southern side of the row
gave the highest number of fruits/plant in both seasons of the study (Table 1). Lowest
significant number of fruits/plant were found in strawberry zucchini system in the first
season, and in the strawberry intercropped with either zucchini or faba beans systems in
the second season of the study (Table 1). Strawberry-bean treatment had significantly the
lowest average berry weight. No significant differences were found among other treatments
as regard to the berry weight of strawberry. Also, no significant differences were found in
fruit diameter or fruit length parameters among the different treatments in the first season



(Table 1). However, strawberry-zucchini treatment gave the largest fruit diameter and
length in both seasons. The highest significant early yield of the first three pickings and the
total yield per feddan were obtained when planting strawberry as sole crop either in
northern or southern side of row. However, those sole strawberry plants grown on the

southern side of the row had the highest yields in both seasons (Table 1).



Table 1. Effect of intercropping treatments on fruit number/plant, berry weight (g), fruit diameter

(cm), fruit length (cm), early yield (kg/fed) of first 3 pickings and total yield (kg/fed) of strawberry

plants (main crop) cv. “hybrid 43” in the growing seasons of 2017/2018 and 2018/2019, respectively.

Fruits Average Zir:r:eter Fruit (Ekal;:cz;/)i e Total yield
Treatment number/plant berry weight length 9 (ka/fed)
(9) (cm) (cm)
Season 1
Strawberry North 8.27 a 8.63 ab 3.11a 3.56 a 484.50 a 1362.89 a
Strawberry South 10.29 a 8.28 ab 297a 3.33a 356.90 a 1656.57 a
Strawberry - Zucchini 478 b 9.78 a 3.41a 3.80a 333.33ab 905.82 b
Strawberry -Beans 8.55a 7.32b 2.98a 3.31a 90.48 b 1255.66 ab
Season 2
Strawberry North 8.15a 9.44 a 3.07b 3.84b 597.89 a 1463.55 a
Strawberry South 9.53a 9.64 a 3.09a 3.73b 793.65a 1724.29 a
Strawberry -Zucchini  3.17 b 8.56 ab 3.90b 4.90a 0.00b 568.25 b
Strawberry -Beans 2.71b 7.64b 3.04b 3.93b 126.19b 395.24 b

Differences between mean values followed by the same letter in each column are not significant using the

Least Significant Difference test at P < 0.05.

Effect of intercropping systems on fruit quality of strawberry

Results obtained in the current study obviously indicated that intercropping system had
significant effects on the anthocyanin content of strawberry fruits (p <0.05) in both seasons
(Table 2). Anthocyanin content of strawberry fruits increased when strawberry was
intercropped with faba bean as comparedto the sole cropping. Regarding vitamin C content,
fruits of strawberry planted as sole treatments or intercropped with Zucchini had
significantly higher vitamin C content than those resulted from strawberry-faba bean



treatment in the first season, whereas in the second season, fruits of sole strawberry
treatments had significantly higher vitamin C content than those obtained from the
strawberry-faba bean treatment (Table 2). In the present study, the chemical characteristics
such as a total soluble solids, acidity and TSS/acidity ratio of strawberry fruits were not
significantly affected by intercropping treatments (Table 2) neither with faba bean nor with
Zucchini in the second season of study,whereas, acidity level of fruits that were obtained
from plants grown at the southern side of the row as sole stawberries treatment recorded
significantly the highest acidity level in the first season (Table 2). Fruits from sole
stawberries treatment grown at southern side of the row had significantly the lowest
TSS/acidity ratio in the first season (Table 2).

Table 2. Effect of intercropping treatments on TSS, acidity, TSS/acidity, vitamin C(mg/100
g of fruit fresh weight), anthocyanins (mg/100 g of fruit fresh weight) of strawberry plants (main
crop) cv. “hybrid 43” in the growing seasons of 2017/2018 and 2018/2019, respectively.

Vitamin
C .
Anthocyanins
Treatment TSS Acidity  TSS/ Acidity (mg/10(_) (Mg/100 g of fruit
g of fruit fresh weight)
fresh
weight)
Season 1
Strawberry North 8.25a 0.33b 24.59 a 78.75a 22.06 c
Strawberry South 8.13a 0.37a 21.89b 90.00 ab 25.43 bc
Strawberry -Zucchini 8.00 a 0.33b 24.35a 69.00 ab 28.79b
Strawberry -Beans 8.00a 0.33b 2451 a 57.00 b 33.08a
Season 2
Strawberry North 11.03 a 0.38a 29.30 a 66.00 a 37.78 ab
Strawberry South 11.33a 0.39a 29.22 a 57.00 ab 37.39b
Strawberry -Zucchini 10.40 a 0.40 a 26.24 a 51.00 bc 38.53 ab
Strawberry -Beans 10.67 a 0.39a 26.84 a 39.00 c 42.74 a

Differences among mean values followed by the same letter in each column are not significant using the Least
Significant Difference test at P < 0.05.

Effect of intercropping on vegetative growth and yield of faba beans



Intercropping systems had significant effects on the vegetative growth of faba beans
plants. Bean-strawberry treatments were taller and had significantly greater number of
branches per plant and stem diameter as compared to the sole cropping in the first season
(Table 3). In the second season of the study, also plant height and stem diameter of faba
bean-strawberry treatment were significantly greater than those of the sole faba bean
cropping. However, faba bean-zucchini treatment gave significantly larger increase in
number of branches and stem diameter compared to the other two treatments in the second
season (Table 3).

There were no significant differences in the number of seeds per pod and total yield
(ton/feddan) of faba bean between the sole treatment and intercropping with strawberry
(Table 3). Pod length was significantly longer in faba bean plants of faba bean-strawberry
treatment than those of the sole faba bean treatment in both seasons (Table 3).
Intercropping faba beans with zucchini significantly increased pod length for faba beans
plants. In the second season, the highest significant pod length, pod diameter, number of
seeds/pod, and yield that was increased by 18% was found in plants of the faba bean-
zucchini system (Table 3).

Table 3. Effect of intercropping treatments on plant height (cm), branch number, stem
diameter(cm), pod length (cm), pod diameter (cm), number of seeds/pod, and yield
| (ton/fed) of faba bean plants cv. Giza3 in the growing seasons of 2017/2018 and 2018/2019.

Plant Stem Pod Pod Number

Treatment height EJ;TJCehr diameter length diameter of (tc\)(r:/e:g d)
(cm) (cm) (cm) (cm) seeds/pod
Season 1
Sole faba Bean 117.93 b 6.53 b 1.11b 8.27hb 1.66 a 3.60a 2.20a
Strawberry-Bean 126.67 a 8.00 a 1.23a 9.03a 1.83a 3.87a 2.19a
Season 2
Sole faba Bean 11470b  5.93ab 1.24 ¢ 7.67c 1.55b 3.60b 2.04b
Strawberry-Bean 125.13 a 5.67b 1.39b 8.37b 1.72 a 3.67b 2.15b
Zucchini-Beans 127.67 a 6.47 a 1.67 a 8.87 a 1.75a 4.00 a 241a

Difference between mean values followed by the same letter in each column are not significant using the
Least Significant Difference test at P < 0.05.

Effect of intercropping on yield and its components of zucchini

No significant differences were observed in any of the studied parameter of zucchini
(fruit diameter, fruit length, average fruit weight, early yield, and yield) between the two
studied intercropping treatments in the first season (Table 4). Also, in the second season,
no significant differences were found in fruit length, average fruit weight, early yield, and
yield between plants of sole zucchini treatment and the zucchini-strawberry treatment
(Table 4). However, in the second season, plants of the zucchini-strawberry and zucchini-
beans treatments had significantly higher fruit diameter (in the different parts of the fruit)



than those of the sole zucchini cropping treatment (Table 4). Yield of plants of the zucchini-
bean treatment were significantly higher than those of the zucchini-strawberry treatment
(Table 4). In general, intercropping faba beans with Zucchini increased the total yield by
26.9% as compared with sole crop.

Table 4. Effect of intercropping treatments on fruit diameter in different parts of the
fruit (top, bottom, and middle), fruit length (cm), average fruit weight (g), early yield
(ton/fed) of first 3 pickings, and total yield (ton/fed) of zucchini plants hybrid cv “New
Eskandrany F1”in the growing seasons of 2017/2018 and 2018/20109.

Fruit 'Fruit _Fruit Fruit Avera_lge Early .
. Diameter ~ Diameter Fruit - Total yield
Diameter — “yriddle  Bottom SS9 eight Vel o onfed)
Top (cm) (cm) (ton/fed)
(cm) (cm) (@)
Season 1
Sole Zucchini 240a 284 a 2.77 a 13.20a 101.01a 2.83a 6.31a
Strawberry- Zucchini 2.39a 2.99 a 270a 13.12a 100.75a 3.96 a 6.62 a
Season 2
Sole Zucchini 2.34b 2.73b 256b  14.00a 11454a 4.68 a 8.57 ab
Strawberry-Zucchini 2.84a 3.07a 293a 1502a 102.93a 3.77a 6.81b
Zucchini-Beans 2.67a 3.08 a 285a 1501a 119.92a 6.86 a 10.88 a

Differences between mean values followed by the same letter in each column are not significant using the
Least Significant Difference test at P < 0.05.

Intercropping efficiency parameters
Land equivalent ratio (LER)

The productivity of intercropping systems was evaluated in term of the land equivalent
ratio (LER). Results in Table (5) indicated that Land equivalent ratio (LER) was greater
than one in all treatments in both years except for the strawberry-zucchini treatment in the
second season (Table 5). The highest value of LER (2.45) was observed in the zucchini-
bean treatment in the second season. Average LER for both years was 1.2 for strawberry-
zucchini intercropping treatment and 1.3 for strawberry-bean intercropping treatment. In
all intercropping treatments, secondary crops had higher relative yield than the main crops,
except for the zucchini-bean treatment in the second season where zucchini surpassed those
of faba bean plants (Table 5).

Aggressiveness

Aggressiveness is a value, which shows how much the relative yield of one crop
component is greater than that of another (McGilchrist 1965). Data showed that both faba
bean and zucchini crops were dominant when intercropped with strawberry, whereas
zucchini was dominant when it was intercropped with faba bean (Table 5).



Monetary advantage index (MAI)

Economic feasibility from using intercropping systems was expressed by calculating
monetary advantage index (MAI). All treatments gave positive values of MAI except for
the strawberry-zucchini treatment which gave negative 1755.76 value because its LER
value was lower than 1 (Table 5). Results presented in Table 5 showed that the highest
MAI value of 91474.22 was obtained in the case of zucchini-bean intercropping system in
the second season, followed by strawberry-bean intercropping treatment (Table 5). Values
of these MAI were positive because their LER was greater than one.

Table 5. Relative yield of main and secondary crops, Land equivalent ratio (LER),
aggressiveness for main and secondary crops, and monetary advantage index (MAI) values
for the different intercropping systems in the growing seasons of 2017-2018 and 2018-2019.

Relative Relative
. Secondar Yield Yield Aggressiveness Aggressiveness for
Main Crop Crop Y Main Secondary LER foglj’gMain Crop Sggcondary Crop MAI
Crop Crop

Season 1
Strawberry  Zucchini 0.30 1.05 1.35 -1.49 1.49 17396.32
Strawberry Beans 0.41 1.00 141 -1.16 1.16 23360.23

Season 2
Strawberry  Zucchini 0.18 0.79 0.97 -1.23 1.23 -1755.76
Strawberry Beans 0.13 1.05 1.18 -1.86 1.86 9987.75
Zucchini Beans 1.27 1.18 2.45 0.18 -0.18 91474.22

DISCUSSION

Intercropping has been identified as a system that boost profit by maximizing
land use as a result of gaining yield of a second crop (Thobatsi, 2009), conserving soil, and
balancing plant nutrition (Shetty et al.,1995). Intercropping results in higher yields as one
component of crop is added to another. Therefore, total planting density is generally more
than those for sole crops (Willey ,1979b), which results in efficient use of nutrients by
intercrops than sole crops (Midmore, 1993). Indeed, increasing productivity per unit area
and planting diversity of crops are considered the most important reasons for applying
intercropping (Sullivan, 2003).

In our experiment, sole strawberry plants, particularly those grown on the southern
side of the row had higher yields than the intercrops. This is in agreement with (Chen et
al., 2004), who found that strawberry yield was unaffected by the strawberry-snap beans
intercropping system. The authors stated that this might occur due to nitrogen fixing ability
of snap beans and extensive root system of strawberry (Chen et al., 2004). Similar findings



were observed by (Karlidag and Yildirim, 2007) where intercropping strawberry with faba
beans didn’t affect the yield of strawberry. This might be due to the difference in root
distribution for both crops which lead to low competition between them (Ragab et
al.,2014). Indeed, Wilson (1988), found that root competition had a greater effect on plant
growth and resource fetching than shoot competition (Wilson, 1988). Also, Woolley and
Davis (1991)

reported that faba bean was a weaker competitor for growth resources than some other
vegetables. Dane et al. (2019) found that intercropping strawberries with legumes gave the
same yield as in the traditional system. On contrary, Willey (1979a) reported that
intercropping gave higher and greater stability of yields compared with sole cropping.

In current study, strawberry yield of strawberry-zucchini treatment was lower
than the sole strawberry treatments. Duval (2005) found that yield of sole strawberry was
better than that of intercropped strawberry-zucchini, whereas strawberry yields were not
reduced when summer squash was intercropped during the last week in February. Duval
(2005) also found no significant differences in the yield of strawberry when intercropped
with summer squash, pickling cucumber, musk melon, or bell pepper. Santos et al., (2008),
showed that yield of strawberry was unaffected when intercropped with cucumber, summer
squash, or musk melon when planted between 25 Jan. and 23 Mar (Santos et al., 2008).

With regard to intercropping strawberry with faba bean, a significant increase in
plant height, number of branches/plant, stem diameter and pod length were observed but
didn’t affect faba bean yield. On the other hand, Karlidag and Yildirim (2007) observed a
yield increase in intercropped strawberry-broad bean system as compared to sole cropping.
Several studies have indicated that intercropping was more productive than single cropping
because of the complementary effect of intercrops. Intercropping involving legumes has
been found to be more efficient (Adeniyi, 2011). The intercropping with legumes may
improve soil fertility to benefit a subsequent crop. No significant differences were
observed in any of the studied parameter of zucchini (fruit diameter, fruit length, average
fruit weight, early yield, and yield) between zucchini-strawberry and zucchini-beans
treatments in the first season. However, in the second season, plants of the zucchini-
strawberry treatment had significantly higher fruit diameter (in the different parts of the
fruit) than those of the sole zucchini cropping treatment. This is in agreement with results
of karlidag and yildirm, (2009) who found that yields of summer squash, lettuce, onion,
and radish were not affected when intercropped with strawberry (karlidag and yildirm,
2009). In the second season of our study, plants of zucchini intercropped with faba beans
had significantly higher yield than those of zucchini-strawberry treatment. Legumes are
known for their advantage of fixing air nitrogen into the soil, and they can release fixed N



to the non-legume crops (Ledgard and Giller, 1995; van Kessel and Hartley, 2000).
Consequently, other plants benefit by providing the nutrients they need to grow (Ledgard
and Giller, 1995).

The bioavailability of anthocyanin is considered as a key factor for maintaining better
human health (Bridle and Timberlake, 1997). Highest anthocyanins values were obtained
from the strawberry-beans intercropping treatment. This disagrees with results by Dane et
al. (2019) who showed that quality of strawberries when intercropped with legumes is the
same as in a traditional growing system. No significant differences were found in fruit
content of vitamin C, acidity, and soluble solids content of strawberry fruits. Similarly,
Karlidag and Yildirim, (2007) showed that the chemical characteristics such as ascorbic
acid, total soluble solids, and titratable acidity of strawberry fruits were not significantly
affected by intercropping with broad bean or with lettuce (Karlidag and Yildirim, 2007).

The land equivalent ratio (LER) refers to the amount of land needed to grow both
crops together relative to that required to grow sole crop of each and give similar yield.
LER measures the advantages of using intercropping systems on combined yield of both
crops (Amanullah et al., 2016). In our study, LER was greater than one in all treatments in
both years except for the strawberry-zucchini treatment in the second season. The highest
value of LER (2.45) was observed in the zucchini-bean treatment in the second season.
Values of LER greater than one indicate that land use is more productive and efficient in
intercrops than sole cropping (Abera et al., 2005). Our results indicate that intercropping
Is more productive than sole cropping. In agreement with our results, in a study by Willey
(1985), LER of zucchini-faba bean intercropping system were greater than 1.0 and were
more efficient as regard to land utilization than sole crop. Also, Karlidag and Yildirim
(2007) showed that intercropping strawberry with faba bean had higher productivity than
when each crop was grown as a sole due to the complementary effects of both.

Aggressiveness is a competitive index which measures how much the relative yield
of one crop component is greater than that of another (McGilchrist 1965). The present
results revealed that all secondary crops were more dominant and stronger competitor than
strawberry in all intercropping treatments that included strawberry crop. Also, in our study,
zucchini plants had higher relative yields and competed more than bean plants in the
zucchini-bean intercropping treatment. This indicates a bigger difference in the competitive
abilities between the secondary crops and strawberry and also between zucchini and bean
plants. Consequently, bigger differences between the actual and the expected yield with
those intercropping systems (Willey, 1979a). Intercropping faba bean and squash as when
grown in combination resulted in greater yields than if they were grown separately. Also,
Hadidi et al. (2011) found that intercropping beans with summer squash gave the highest



significant yield. All values of MAI were positive except for strawberry-zucchini treatment
of the second season. The highest MAI value of 91474.22 was in zucchini-bean treatment,
followed by strawberry- bean intercropping system. This could be explained as all LER
values were greater than one except for the strawberry-zucchini treatment of the second
season. In line with these results, Abou-Keriasha et al. (2012) stated that using
intercropping systems can be gainful giving higher MAI values and economic feasibility.

CONCLUSION

The foremost common goal of intercropping is to make effective use of farm inputs
(like sunlight, nutrients and water) with minimum cost of cultivation and without affecting
the fertility of land in addition to produce a higher yield from a given piece of land.
Generally,intercropping systems result in effective use of land also, improved fruit quality.
Maximum vyield of strawberry crop was obtained from sole cropping as well as that
obtained from strawberry-broad beans intercropping. Intercropping strawberry with broad
beans increased anthocyanin content compared to the sole cropping.

Acknowledgment

Authors wish to thank prof. Dr. Mohamed F. Mohamed and prof. Dr. Mohamed A
Abdalla, Professors of vegetable crops, Faculty of Agriculture, Assuit Univeristy for their
help and providing all the facilities needed during this work and also their support in
revising the manuscipt.

References

AOAC (Association of Analytical Chemists) (1984). Standard Official Methods of
Analysis of the Association of Analytical Chemists. 14" Edition, S.W Williams,
Washington DC, 121 p.

A.0.A.C 17" edn,(2000).Official Method 920.163 Fats(Foreign)containing tristearin in
lard/ pearsons Comosition and Analysis of Foods 9™ edn,page 611

Abera,T.,Feyissa,D.,Yusuf,H.(2005).Effects of inorganic fertilizers on grain yield of maze-
climbing bean intercropping and soil fertility inwestern oromiyam.Tropentag 2005
Stuttgart-Hohenheim,October 11-13,2005.Conference on international

Agricultural Research for Development.



Abou-Keriasha, M.A.; R.A. Gadallah and N.M.H. EI-Wakil Mohamed (2012). Effect
of intra-interspecific competitions on yield and yield component of Maize
under differ-ent intercropping patterns. Egypt. J. Agron. Res., 34(2): 249-265.

Adeniyi,0.R.(2011).Economic aspects of intercropping systems of vegetables(okra,tomato
and cowpea).Afr.j.plant Sci.5:648-655

Amanullah,K.F., Muhammad,H.,Jan,A.U.,Ali,G.( 2016). Land Equivalent Ratio, Growth,

Yield and Yield Components Response of Mono-cropped vs. Inter-cropped
Common Bean and Maize With and Without Compost Application. Agriculture
and Biology Journal of North America, 7(2), 40-49.

Baumann, D.T., M.J. Kropff,and L. Bastiaans ( 2000). Intercropping leeks to suppress
weeds. Weed Research 40: 359-374.

Bridle,P.and Timberlake,C.F.(1997). Anthocyanins as natural food colours—selected
aspects. Food Chem. 58(1):103-109

Chen, C., Westcott, M., Neill, K., Wichman,D.and Knox,M.(2004). Row configuration and
nitrogen application for barley—pea intercropping in Montana. Agron. J.
96:17301738.

Dane, S., Laugale,V.and Sterne,D.(2019). Strawberry yield and quality in intercrop with
legumes. Acta Hortic. 1242, 177-182

Duval, J.R. (2005). Relay-intercropping does not reduce strawberry yield in an annual-hill
production system. Hort Technology 15(4):907-908 for Rural Areas Publication.

http://www.attra.ncat.org

Francis, C.A., (1985). Intercropping-competition and yield advantage. Cropping Systems.
Rodale Research Center. Box 323, RD1, Kutziown, PA 19530 Genetic Res. In
agroecosystem. Edit. Eric Engles. Ann Arbor Press.:193-212.

Gliessman, S.R. (1988). Agroecology: Ecological processes in sustainable agriculture,
Chap.14.


http://www.attra.ncat.org/

Guvenc, 1., Yildirim,E.(2005). Intercropping with Eggplant for Proper Utilisation of
Interspace under Greenhouse Conditions. Eur. J. Hortic. Sci., 70(6): 300-302.

Guvenc, I., Yildirim,E.(2006). Increasing Productivity with Intercropping Systems in
Cabbage Production. J. Sustain. Agric., 28(4), 29-44.

Hadidi, N., Sharaiha, R. and Al-Debei, H. (2011). Effect of intercropping on the
performance of some summer vegetable crops grown under different row
arrangements. Lucari , ~ Stiin tifice 54:11-17.

Hata, Fernando Teruhiko, Mauricio Ursi, Ventura Maria, Tereza De Paula, and Nicholas
Vieira De Souza. (2019). “Intercropping Garlic in Strawberry Fields Improves

Land Equivalent Ratio and Gross Income.” 1-8.

Jarenyama, P.,Hesterman,O.B.,Waddington,S.R.,Harwood,R.R.(2000). Relay-
intercropping of sunnhemp and cowpea into a smallholder maize system in
Zimbabwe. Agron. J., 92: 239-244

Karlidag,H. and Yildirim, E. (2007). The effects of nitrogen fertilization on intercropped
strawberry and broad bean. Journal of Sustainable Agriculture 29(4):61-74.

Karlidag,H.and Yildirim,E.(2009).Strawberry intercropping with vegetables for proper
utilization of space and resources. J. Sustain. Agric. 2009, 33, 107-116.

Kizilsimsek,M.and Erol,A.(2000).Land Equivalent Ratio, Inter Species Competition and
Nutrient Supplementation Index in Intercropping of Forage Crops. J. Sci. Eng.,
3(1), 14-22

Ledgard, S.F., and K.E. Giller; 1995. Atmospheric N2-fixation as an alternative nitrogen
source P. Bacon (Ed.), Nitrogen Fertilization and the Environment, Marcel Dekker,
New York, USA (1995), pp. 443-486

Li, L., Yang,S.C., Li, X.L., Zhang, F.S. and Christie, P. (1999). Interspecific
complementary and competitive interactions between intercropped maize and faba
bean. Plant Soil, 212, 105-114



Lithourgidis, A; Christos.D; Christos and A.Dandas(2011)Annual intercrops: An

alternative pathway for sustainable agriculture.J.crop sci. 5(4):396-410
McGilchrist, C.A. (1965) Analysis of Competition Experiments. Biometrics, 21, 975-985.

Midmore, D. J., (1993). Agronomic modification of resource use and intercrop
productivity. Field Crops Research, 34: 357-380.

Morris, R.A. and Garrity, D.P. (1993). Resource capture and utilization in intercropping-
water. Field Crops Res. 34:303-317.

Mucheru-Muna M.; Pypers,P.; Mugendi,D.; Kung’uJ.,Mugwe,J.; Merckx,R.and
Vanlauwe,B.(2010). Staggered Maize—Legume Intercrop Arrangement Robustly
Increases Crop Yields and Economic Returns in the Highlands of Central Kenya.
Field Crops Research 115:132-139.

Muthuraman Yuvaraj, Muthaiyan Pandiyan and Pandurangan (2020). Role of Legumes in

Improving Soil Fertility Status. https://www.intechopen.com/books/legume.

Nile, S.H., and Park, S.W. (2014). Edible berries: bioactive components and their effect on
human health. Nutrition 30 (2), 134-144
http://dx.doi.org/10.1016/}.nut.2013.04.007. PubMed.

Pelzer, E., Bazot, M., Makowski, D., Corre-Hellou, G., Naudin, C., Al Rifai, M., Baranger,
E., Bedoussac, L., Biarnes, V., Boucheny, P. (2012). Pea-wheat intercrops in low-
input conditions combine high economic performances and low environmental
impact. Eur. J. Agron. 40, 39-53

Rabino, Isaac and Alberto L. Mancinelli. (1986). Light, Temperature, and Anthocyanin
Production’.Plant Physiol. 81:922-24.

Ragab, M.E., Youssef, S.M., Nasr, S.M. and Al-arabi, H.A. (2014). Strawberry
intercropping with some vegetables for economic productivity. Acta Hortic. 1049,
503-508



Santos, B.M., Esmel, C.E., Slamova, S. and Golden, E.A. (2008). Optimum planting dates
for intercropping cucumber, squash, and muskmelon with strawberry. Hort.
Technology 18(4):656-659

Shanmugam, Sindhuja ; Hefner, Margita; Pelck, Jeanett S. ; Labouriau, Rodrigo;
Kristensen, Hanne L. (2021) Complementary resource use in intercropped faba
bean and cabbage by increased root growth and nitrogen use in organic production.
Soil use and management. 38:729-740.

Shetty, S. V. R., Ntare, B. R., Bationo, A., Renard, C. (1995). Millet and Cowpea in Mixed
Farming Systems of the Sahel: A review of strategies for increased productivity
and sustainability. In: Livestock and sustainable nutrient cycling in mixed farming
systems of sub-Saharan Africa. Volume 2: technical papers. Proceedings, Addis
Ababa, Ethiopia, 22-26 November 1993, pp. 293-303.

Sullivan, P. (2003). Intercropping Principles and Production Practices. Appropriate
Technology Transfer

Thobatsi, T. (2009). Growth and Yield Responses of Maize (Zea mays L.) and Cowpea
(Vigna unguiculata L.) in an Intercropping System. MSc. Thesis, Pretoria
University, 149p.

Tulipani, S., Armeni, T., Giampieri, F., Alvarez-Suarez, J.M., Gonzalez-Paramas, A.M.,
Santos-Buelga, C., Busco, F., Principato, G., Bompadre, S., Quiles, J.L. (2014).
Strawberry intake increases blood fluid, erythrocyte and mononuclear cell
defenses against oxidative challenge. Food Chem 156, 87-93
http://dx.doi.org/10.1016/j. foodchem.2014.01.098. PubMed

Van Kessel, C. and Hartley, C. (2000) Agricultural Management of Grain Legumes: Has
It Led to An Increased in Nitrogen Fixation? Field Crop Research, 65, 165-181

Vandermeer, J., (1989). The Ecology of Intercropping. Cambridge University Press,
Cambridge, UK. 237p.


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Shanmugam%2C+Sindhuja
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Hefner%2C+Margita
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Pelck%2C+Jeanett+S
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Labouriau%2C+Rodrigo
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kristensen%2C+Hanne+L

Willey, R. W. (1985). Evaluation and presentation of intercropping advantages.
Exploratory Agriculture, 21: 119133

Willey, R.W. (1979a). Intercropping, its importance and research needs, Part I.
Comepetition and yield advantage. Field Crops Abst. 32:1-10

Willey, R.W. Singh, R.P. and Reddy, M.S. (1989). Cropping systems for Vertisols in
different rainfall regimes in semiarid tropics. In: Management of Vertisols for
improved agricultural production. ICRISAT, India

Willey, R.W. (1979b). Intercropping _ Its importance and research needs. Part-2.

Agronomy and research approaches. Field crops Abstracts, 32:73-8
Wilson, J.B. (1988). Shoot competition and root competition. J. Appl. Ecol. 25:279-296.

Woolley J, Davis JHC. (1991). The agronomy of intercropping with beans. In: van
Schoonhoven A, Voysest O, editors. Common beans: research for crop
improvement. Wallingford, UK: CAB Intl. p 707-735.

Ying Chao Liu, Xiao Min Qin, Jing Xiu Xiao, Li Tang, Chi Zhang Wei, Jin Jian Wei & Yi
Zheng (2017) Intercropping influences component and content change of
flavonoids in root exudates and nodulation of Faba bean, Journal of Plant
Interactions, 12:1, 187-192, DOI: 10.1080/17429145.2017.1308569

duw gS1) g J 58l g A gl AN Jaalaal dpalaiBY) (g gaall g (i V1 IRl Jana g 33 9ad) g J guannall
dlaaal)

‘il e danaalgy ) o ¥ g dana i aludy) Ol Use gy 0y

L gl daals - de ) 3l A i) aud )
Lo sad drala - Aol ) 3l A0S - A<l aud T



https://doi.org/10.1080/17429145.2017.1308569

uadlall
g Yo YAV O A 5 YOVA/Y VY i Caa se A 4l jall adgd A00a0) 2y jaill cy

G e 45 gl ALK e Unil) mpara’ axiiusl 5 cias 511 5 5l 5 AL i) o 5 Jrealna SN e )
T Sy Jsill pamne (o S e Al il Jpand i 2l 0 58 A il e Cinghl (IS5 ) Sa
sl IS 5 53 5all s Jpanall o a1 ans sal) (8) s S e J sl Jpand Al yo SIS
a0 yia Jdualaddl dlide] ) 345 jlaa Apalaidy!

o bl (sgine 33b) (A ) Jsdll pe Al all Jaead ) Lo Jeanidl il Giaia )
ai 4l gl Al Jpana et o das Al ol cavse (4 deadioall OOl Ly 45 jlae il 53Y)
e A sSI) Jrand (o0l L yiay A1l il el ) die ol Jsill pe Aol jall Jaand die ¢ g e J uaall
Sl Ao dn Sl Jsdll (Jgmna 0 JSI9%26.9 % 18.1 Dlia Jpanall A 8ab )y I J g4l
55 size Ak ey Jendl o) Al ) 338 (o i 585l el 30 (e il J peanally 5 e
Ay dll Joant 2ie Gldg 1.2 e gall G )V JMaiwl Aaliadll 36l da gia S5 daliy) 33l )
Ll A ) s gl Jons g€ J sl e 45100 Jpend e 1,3 Ebitaill 3o li€l) ulS Laipnelae 4 oSU1 5
bl g 245 Fagll il s S o Jsil) Jaend Alla 3 (i 3Y) JolaiasY Al 5oLl dolly
laii) dile o) Culae | Loayl 5 daaiiunal) < bl iy 40 )l6e eV a5 3G o sall



