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Abstract: Solid and inter-planted citrus with four winter field crops were compared to assess the effect of
agroforestry of some field crops with citrus trees which considered as an approach to establish biodiversity
in fruit tree plantations. Four field crops i.e., lupin, wheat, canola and faba bean were inter-planted with seedless
orange trees(4*4 m) or were planted as solid planting. The results for the trees on the solid and inter-planted
crops apparently indicated a larger fruit yield from the solid plots. Statistically significant effects (P<0.05) were
found for wheat grains, canola and faba bean seeds yields under agroforestry plantations. However, straw
yields were not affected when inter- planted with citrus . Whilst inter-planted crops did not differ than the solid
plantings the advantage of inter- planting these crops with citrus increase yields except lupin increase yields
by 9-11 % compared with solid plantings of these crops. However, there were significant reduction of inter-
planted citrus with field crops. Tissue analysis showed that, whilst there may be a small benefit of agroforestry
to leaf content of NPK, there are no discernible differences in trace element concentrations. The data clearly
indicate that nearly two folds of N concentration were found in citrus leaf compared with fruit only while P and
K concentrations were similar either in leaf or fruit. N translocation from citrus Leaf to fruit was similar while P
under inter-planting was greater than the solid planting, K was greater in solid planting than inter-planting.
Micronutrient translocation from soil to citrus fruits followed the order Cu > Zn > Mn >Fe.
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INTRODUCTION

Agroforestry is defined as a collective name for land
use systems in which woody perennials (trees, shrubs,
etc.) are grown in association with herbaceous plants
(crops, pastures) or livestock, in a spatial arrangement, a
rotation, or both, and in which there are usually both
ecological and economic interactions between the trees
and other components of the system. In simplified terms,
agroforestry means combining the management of trees
with productive agricultural activities. Agroforestry
provides opportunities for forest conversion in the true
sense of the term, replacement of natural forest with other
tree-based land use systems. There are also opportunities
to use agroforestry for the prevention or reversal of land
degradation in the sub-humid and humid tropics.

It is also assumed that agroforestry might be a
practical way to mimic the structure and function of
of the
result from natural selection towards sustainability
and the ability to adjust to perturbations [1, 2]. Using
agroforestry, with the ultimate aim of achieving
sustainability of production and resource use [2].
However, despite the demonstration that such systems
can dramatically reduce soil losses and improve soil
physical properties, the beneficial effects on crop yield
are often unpredictable and insufficient to attract
widespread adoption. In semiarid areas, crop yield
increases are rare in alley cropping because fertility and
microclimate improvements do not offset the large
competitive effect of trees with crops for water and
nutrients [3].

natural ecosystems, since components latter
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Intercropping in fruit orchards is a common practice
in many countries. For example, intercropping of mustard
with bananas and cucumber with citrus (mandarin)
orchards improved the yields of mustard and cucumber
without harming the yields of banana and Citrus in India
[4]. Intercropping of legumes especially Egyptian clover
in citrus orchards is beneficial for the citrus production.
Similarly, soybean and chickpea improve fruit yield as
compared to sole orchard. Such crops help increase the
yield of the main crop by fixing nitrogen biologically in the
soil [5, 6]. Furthermore, cover crops used in organic citrus
orchards suppress weeds, and thus improved the yield of
citrus fruit in Florida organic citrus orchards [7]. Similarly,
French-beans intercropped with lemon (citrus) proved to
be the best combination in India [8]. In Pakistan, it was
observed that sowing maize in citrus orchard helped to
improve the predators’ popopulation that controls citrus
leaf minor [9].

Agroforestry adds diversity to the farm plant
population and results in increased cropping intensity
and productivity of the orchards. Under agroforestry
practice Intercropping is especially taken up in the young
orchards which are yet to reach a commercial bearing age.
The interspace between the fruit crops is utilized for
growing short duration cash crops which not only sustain
the orchardist during the non-fruiting months of the main
crop but also add to the fertility of the soil by enhancing
the soil health. Therefore, the aim of this study is to
compare solid and inter-planted citrus with four winter
field crops were compared to assess the effect of
agroforestry of some field crops with citrus trees as which
considered as an approach to establish biodiversity in
fruit tree plantations.

MATERIALS AND METHODS

Four field crops i.e., lupin, wheat,canola and faba
bean were inter-planted with seedless orange trees(4*4 m)
in Kalubia, Egypt. The soil could be classified as loamy
and the area were divided to inter-planted and solid plots
for each crop. The irrigation system was drip and
irrigation network included (1) Control head: It is located
at the water source supply. It consists of centrifugal
pump 4°'/4"", driven by diesel engine (pump QRM charge
of 100 m h and 50 m 3 1 lift), sand media filter 48" (two
tanks), screen filter 2°* (120 mesh) back flow prevention
device, pressure regulator, pressure gauges, flow-meter,
control (2) Main line: PVC pipes of 125 mm in diameter

(OD) to convey the water from the source to the main
control points in the field. (3) Sub-main lines: PVC pipes
of 75 mm diameter (OD) were connected to with the main
line through a control unit consists of a 2" ball valve and
pressure gauges. (4) Manifold lines: PVC pipes of 40 mm
in diameter (OD) were connected to the sub main line
through control valves 1.5"". (5) Emitters: These emitters
Built in (GR) dripper from Polyethylene (PE) tubes 16 mm
in diameter (OD) and 50 m in long (emitter QRM charge of
4 Iph at 1.0 bar operating pressure, 0.3 m spacing between
emitters, 1.0 m spacing between lateral lines. Crop
selection included wheat (Gemmaiza 3),faba bean (Giza 3
variety), lupin (Giza 1 variety) and soybean (Giza82
variety). Fertilizers were applied according to the normal
recommended rates in Egypt. Nitrogen phosphorus and
potassium were applied as ammonium nitrate (33.5% N),
calcium super phosphate (15.5% P> O°) and potassium
sulphate (48% K O), respectively according to the crop.

The yields of citrus fruit were assessed on each
plot at the end of November. The number of fruit per tree
and fruit weight were recorded, and production was
determined. Samples of fruit were taken for chemical
analysis. Citrus leaves were sampled from the same trees
as were assessed for yield from solid and inter-planted
plots. Citrus leaves were sampled from the same trees as
were assessed for yield from solid and inter-planted
plots. Five trees were selected at random on each plot and
the number and weight of fruit determined, to provide
average fruit production per tree and per plot. The yields
of citrus fruit were assessed on each plot at the end of
November. The number of fruit per tree and fruit weight
were recorded, and production was determined. Samples
of fruit were taken for chemical analysis. Citrus leaves
were sampled from the same trees as were assessed for
yield from solid and inter- planted plots.

Statistical Analysis:
statistical analysis of variance of split plot design was
carried out using MSTAT-C Computer Software [10].

The data were subjected to

Means were compared by wusing least significant
difference (LSD) at 5%.
RESULTS AND DISCUSSION

A) Yields: Table 1 provides an overall summary of the
citrus fruit production and this shows that the yields are
relatively poor, considering the fertile soil conditions.
Mean fruit weight, no. of fruit per tree, mean yield per tree
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Table 1: Yield characters of citrus in solid and agroforestry system.

Cropping Mean fruit  Mean No. of ~ Mean yield Yield
system weight (g)  fruit per tree per tree (kg) (vfd)
Solid 110.4 160.2 15.492 4.056
Inter-planted ~ 97.2 118.32 10.092 2.628
Overallmean  103.8 139.26 12.792 3.342

Table 2: Comparison of Crop Yields under Inter-planted and solid

Production
Crop Component Inter-planted ~ Solid Significance Probability
Lupin Seed 0.45 0.44 ns 0.2628
Straw 1.38 1.5 ns 0.0557
Wheat Grain 2.01 1.92 * 0.0245
Straw 6.5 6.49 ns 0.2266
Canola Seed 2.62 2.36 * 0.0367
Straw 8.93 8.56 ns 0.2274
Faba Bean Seed 0.98 0.89 * 0.0549
Straw 2.56 2.57 ns 0.8755
9
8 4
7 4
& +
251
=4 1
3 | u Iinterplanted
2 4 | Solid
S i . -l
Seed | Straw|Grain | Straw| Seed | Straw| Seed |Straw
Lupin Wheat Canola Faba Bean
Crop

Fig. 1: Crop Yields under Inter-planted and solid systems

(kg) and yield (t/fd) under solid planting were greater than
the inter-planted citrus.

Data presented in Table 2 show statistically
significant effects (P<0.05) for wheat grains, canola and
faba bean seeds. However, straw yields were not affected
when inter-planted with citrus. Whilst inter-planted crops
did not differ than the solid plantings the advantage of
inter planting these crops with citrus except lupin increase
yields by 9-11 % compared with solid plantings of these
crops.

In theory, the potential of agroforestry to improve or
increase biodiversity is efficient as the understorey crops
are usually C4 species and the overstorey trees are
invariably C3 species in agroforestry. However, under the
circumstances all the crops under agroforestry of this trial
are C3 plants. Improvement in interplant species is most
likely if the understorey crop is a C3 species, which are
usually light saturated in the open, and partial shade may
have little effect on assimilation or by a concurrent
reduction in transpiration. Similar results were obtained
by [11] who reported that cotton yield in the Sahel was
not reduced by the heavy shading of karite (Vitellaria

Table 3: Chemical Analysis of Citrus Leaf under inter-planted and solid

cropping
Treatment N P K Fe Mn Zn Cu
Intercropped  2.89  0.22 1.33 187 28.4 25.0 4.40
Solid 315 028 1.51 155 31.2 253 4.70
CV% 134 193 233 16.6 5.8 1.5 7.7

Minimum 252 0.17 090 138 275 25.0 3.90
Maximum 343 031 1.75 216 31.4 25.9 4.80

paradoxa) and nere (Parkia biglobosa) in parklands
while yields of millet and sorghum were reduced by 60%
under the same trees [11]. Citrus is a nutrition responsive
crop and intercropping of citrus orchards with the legume
crops helps for fixing the nitrogen in the soil biologically
[5, 6]. Further, in the organic citrus production, growing of
intercrops suppresses the weeds and improves the fruit
quality [7]. Intercropping is also associated with increased
nutrient use efficiency for N, P and K while it had a
positive effect on decreasing the soil erosion [12].

Some investigators reported that Planting of wheat
and berseem as intercrops adversely affected the yield
of citrus due to the competition for nutrients and
different requirements of irrigation and nutrients of the
crops [6, 13, 14]. Similar trends were observed for per
plant yield. It was found that per plant yield of the
orchard without intercropping was 14 kg (24 percent)
greater than those which were intercropped. These results
confirm to the earlier results of [6], and [13, 14]. Intercrops
add to the carbon pool of the soil thus enriching the
soil with organic carbon. Research also shows that
intercropping with gliricidia in maize resulted in 12%
higher soil organic carbon (SOC) as compared to sole
maize plantation [15], although the effect of intercropping
on carbon sequestration depends on cultural practice
systems [16].

B) Nutritional Status: Leaf and fruits of citrus as well as
the inter-planted crops were analyzed for macro and micro
nutrients according to the methods described by [17]. The
summary given in Table 3 and Fig. 2 shows that whilst
there may be a small benefit of inter-planted crops to the
leaf content of NPK. The tissue concentrations of
micronutrients are within the normal ranges expected for
all of these elements, although zinc and copper were
marginally deficient.

Figure 2 shows Macro nutrient concentration % of
citrus leaf and fruit under solid and inter-planted cropping
systems. The data clearly indicate that nearly two folds of
N in leaf compared with fruit only while P and K
concentrations were similar either in leaf or fruit. Table 4
and Fig. 3 clearly show that N translocation from citrus
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Fig. 2: Macro nutrient concentration % of citrus leaf and fruit under solid and inter-planted cropping systems
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Fig. 3: NPK translocation (%)from leaf to citrus fruit
under cropping systems

Table 4: Macro nutrient concentration % of citrus leaf and fruit under solid
and inter-planted

Plant part Cropping system N P K

Leaf Intercropped 3.468 0.264 1.596
Solid 3.78 0.336 1.812

Fruit Intercropped 1.644 0.204 1.476
Solid 1.8 0.132 2.004

Table 5: Statistical summaries of total and extractable trace elements in soil
and concentrations in citrus fruit (n=15)

Parameter Fe Mn Zn Cu

Total soil concentration (mg kg™")

Minimum 3120 330 180 50
Maximum 16820 540 530 117
Mean 10948 429 331 84
Median 11680 440 310 82
DTPA extractable soil concentration (mg kg™")
Minimum 88 14.8 16 8
Maximum 232 54.6 56 27
Mean 169 38.2 35 15.1
Median 176 40.3 32 13.5
Tissue concentration in citrus fruit (orange and mandarin) (mg kg~! DM)

Minimum 2.4 0.37 0.37 0.12
Maximum 20.4 3.8 2.6 0.48
Mean 8.42 1.6 1.06 0.25
Median 6 1.6 1 0.24
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Fig. 4: Micronutrient concentration translocation

ratio (fruit/total soil concentration %)

Leaf to fruit was similar while P under inter-planting was
greater than the solid planting, K was greater in solid
planting than inter-planting. Comparing micronutrients
translocation the results shown in Fig. 4 reveal that
micronutrient translocation from soil to citrus fruits
followed the order Cu > Zn > Mn >Fe. In this respect it
was reported that the intercropping with cowpea
increased the NPK content in guava leaf as against the
sole crop. The increase in the leaf N, P and K was due to
the increase in the availability of nutrients in the soil by
the attributed huge amount of biomass by intercrop. It
was also found that leaf NPK was higher with the
leguminous intercrops and lower in solid culture. The
incorporation of biomass by intercrops helped for
improving the biological, chemical and physical status
of soil which may have helped for better uptake of soil
nutrients by the findings of [18,19].

Soil-Leaf- Fruit Relationship under Agroforestry
System: From this study it is concluded that
intercropping does not have beneficial effect on citrus.
Inter-planted crops did not reduce the fruit drop but



Am-Euras. J. Agric. & Environ. Sci., 24 (1): 01-06, 2024

affected yield, fruit quality, growth parameters, soil
fertility, soil health and leaf NPK status. The leguminous
crops have more intensity on the soil properties for
improving the biological environment. Intercrops also
improved the chemical composition of fruit which was
desirable quality from consumers. It is recommended to
grow intercrops in citrus plantations for better quality of
fruits, improving physio-chemical properties of soil and
also for complete utilization of all input resources.
However, the selection of suitable crop and skillful
knowledge is required for the cultivation of intercrops for
reducing effect on main crop and better economic
feasibility. Similar results were reported by several
investigators [20-23].
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