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Abstract: The relationships between climatic parameters and agricultural production during the growth stages
of Arabica coffee trees (Coffea arabica L.) was studied in private orchards during two consecutive seasons
in two locations(Giza and Qalyubia Governorates) in Egypt. Coffee trees grown under fruit trees as shading
conditions were used to evaluate vegetative growth, nutrition status, fruit yield of coffee plants grown under
flood irrigated system. The obtained results indicated that coffee trees grown in orchard at Qalyubia had high
values of both shoot diameter and number/plant with large leaf area. While, the highest shoot length and leaves
number were obtained as coffee trees grown in the orchard of Giza. In addition, data show that shaded coffee
trees grown in Giza orchard reflected an increase in different leaf micro and macro-nutrient contents except
those of N, P and Cu contents. Also, yield/tree and quality parameters were dominated in Giza orchard than
Qalyubia one according to its soil texture, high temperature and relative humidity. So, preliminary
recommendation for coffee growers in these locations that Giza region is more suitable for planting Coffee under
light texture soil than those of Qalyubia region.
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INTRODUCTION

Coffee is a member of Rubiaceae and by far the most
economically important fruit species. From the 25-100
species in genus Coffea, two main species are used in
production: Coffea arabica L. called "Arabica" coffee and
C. canephorab Pierre ex Froehner, called "Robusta"
coffee [1]. Coffea arabica is self-pollination where best
conditions for its growing are soils sandy to loamy, light
textured; with slightly acid pH 5-6 [2]. Many factors affect
coffee production and quality such as soil water status,
climatic conditions, agricultural management systems for
example shade, pruning, fertilization and genetic
properties of cultivars [3]. The optimum annual
temperature range for production of Arabica coffee is
18-23°C, where increasing temperature than 23°C
accelerate fruit development and ripening that often
leading to neither chilling requirements [4, 5]. Agronomic
techniques can be used to face the challenge of climatic
variability on coffee crop that can attenuate the impact of
unfavorable temperatures such as growing under fruit
trees management, planting at high densities and
agronomical adaptation with focus on suitable area [3, 6].

Cultivation of Coffee needs some degree of shading,
however, coffee can be grown in full sunlight [7] and
often is in large plantations where the focus is on high
yield. Sun-grown coffee will out-yield shade-grown if
fertilized more heavily but loss of quality [8].
Measurements have shown that shaded trees evapo-
transpiration of coffee by 25-50% (hence water use),
while intercepting only 3-13% of incident rainfalls.
Generally, the relationships between climatic parameters
and agricultural production are quite complex, because
environmental factors affect growth and development of
plants under different forms during the growth stages of
the coffee crop [9]. Shading coffee is regarded as more
sustainable by some and promotes greater on-farm
biodiversity [10]. According to the poor amount of local
researches on coffee production. There are still many
gaps in our knowledge on performance of coffee plants in
Egypt. Therefore, the aim of this study was to evaluate
the vegetative growth, nutritional status and yield of
shaded Arabica coffee (Coffea arabica L.) grown in two
locations (Giza and Qalyubia Governorates), resembling
the effect of two environmental factors (soil type and
climatic conditions).
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MATERIALS AND METHODS

This study was carried out in two successive
seasons 2011 and 2012 on nineteen years old Arabica
coffee (Coffea arabica L.) trees grown in private orchards
at two locations (Giza and Qalyubia Governorates) in
Egypt under flood irrigation system. The first orchard in
sandy soil located at Abu Rawash, Giza Governorate.
Trees were spaced 5 x 5 m. apart grown under fifteen years
old mango trees as shading material. The second orchard
in loamy soil located at Qalyubia Governorate. Trees were
spaced 5 x 5 m. a part grown under twenty years orange
trees. Table 1 illustrated the physical and chemical
analyses of both experimental soil sites that conducted
according to Evenhuis [11].

The total temperatures of both locations were
recorded according to the Egyptian Meteorological
station and conducted as recommended by Richardson
et al. [12]. Selected trees were healthy, nearly uniform in
growth vigor and received regularly the recommended
horticultural practices.

Measurement

Vegetative Growth: The average of shoot numbers/plant,
shoot length & diameter (cm), number of leaves/shoot
were recorded and leaf area (cm®) was estimated using
Planimeter according to Nauliyal et al. [13].

Leaf Analytical Data: Pre flowering stage, samples from
the third or forth pair of turgid leaves were taken in the
morning from tips of fruit-bearing branches, at mid-height
of tree, on four quadrants; total of at least 40 leaves from
10 or more representative trees. Leaves washed, dried,
grinded and digested to determine the macro- nutrients
(N, P, K, Ca and Mg %) and micronutrient contents (B, Zn,
Fe, Mn and Cu ppm) according to Rebbeca [14].

Yield Parameters: At harvest stage, yield was determined
as kg/tree, dry beans as well as berries weight, berry/dried
bean ratios calculated and Number of green beans/kg was
recorded.

Statistical Analysis: Tested trees were arranged in a
completely randomized design with four replicates
according to Snedecor and Cochran [15]. The obtained
data were statistically analyzed and Means were
differentiated according to Duncan's multiple range test at
5% level of probability.

989

Table 1: Soil physical and chemical analysis

Location

Soil properties Giza Qalyubia
Physical properties:
Sand % 88.8 14.8
Silt % 7.2 49.2
Clay % 4 36
Texture Sandy Loamy
Chemical properties:
Organic matter % 0.34 2.04
pH 9.22 8.39
EC dS/m 0.06 0.32
CaCO3% 2.6 1.0
Available micro elements (ppm):
Fe 5.6 7.2
Mn 2.1 34
Zn 0.9 1.3
Cu 1.2 1.7

RESULTS AND DISCUSSION

Soil analysis in Table 2 illustrated that soil of orchard
in Qalyubia was characterized by its loamy texture with
high organic matter % and micro-nutrients (Fe, Mn, Zn
and Cu ppm) contents. But, the sandy soil of Giza orchard
recorded remarkable increase in pH, EC and CaCO,% than
Qalyubia one.

Vegetative Growth: Data in Table 3 show the effect of
environmental requirements on vegetative growth of
Arabica Coffee, it is obvious that shaded coffee trees in
Qalyubia orchard were significantly more superior than
those shaded in Giza orchard in increasing average of
shoot number/plant (15.9 & 16.1), shoot diameter (50 & 53
cm.) and leaf area (36.3 & 36.5 cm®) in both seasons.
Also, the shaded coffee trees in Giza location were
significantly more superior in increasing shoot length
(22.6 & 23 cm) and number of leaves (19.11 & 19.56) than
coffee trees in Qalyubia location (16.23 &16.44). This hold
true in the first and second seasons, respectively. On the
other hand, statistical differences were lacking between
both farms used under study concerning shoot diameter
in the firs season. Similar behavior for plant growth was
observed in developing of shaded coffee trees cultivated
under relatively high temperature and relative humidity
[6, 16]. Generally, the coffee trees grown under Qalyubia
orchard conditions had a larger leaf area and average
shoot number/plant. Also, the higher values of shoot
length and leaf numbers were significantly obtained as
coffee trees were grown in Giza orchard.
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Table 2: Average temperatures and relative humidity of Giza and Qalyubia location

Giza

Qalyubia

Temperature °C Relative humidity %

Temperature °C Relative humidity %

Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum
2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
33.6 334 10.9 11.3 80.9 87.5 24.5 25.2 30.9 31.1 10.6 12.4 88.6 87.6 23.5 21.1
According to Egyptian Meteorological Station.
Table 3: Effect of environmental requirements on vegetative growth of Arabica coffee (Coffee arabica) during 2011 and 2012 seasons
Characters  Shoot Leaf

No./plant Length (cm) Diameter (cm) Number Area (cm?)
Locations 1% season 2" season 1% season 2" season 1% season 2" season 1% season 2" season 1% season 2" season
Giza 12.3b 12.3b 30.4a 30.6a 048 a 0.44 b 19.11a 19. 56a 28.1b 28.3b
Qalyubia 159 a 16.1a 22.6b 23.0b 0.50 a 0.53a 16.23 b 16.44 b 36.3a 36.5a
Means followed by the same letter (S) are not statistically different at 5% level.
Table 4: Effect of environmental requirements on leaf nutrient contents of Arabica coffee during 2011 and 2012 seasons.
Characters ~ Macro nutrients (%)

N P K Ca Mg
Locations 1* season 2" geason 1% season 2" geason 1% season 2™ season I*season 2" season 1% season 2" geason
Giza 2.80a 2.96a 0.19a 0.21a 2.10a 2.21a 1.20a 1.07a 0.32a 0.39a
Qalyubia 2.70b 3.85b 0.18a 0.19a 2.40b 2.60b 1.17a 1.05a 0.30b 0.37b

Micro nutrients (ppm)

B Zn Fe Mn Cu
Giza 87.2a 84.4a 23.5a 25.2a 139a 146a 80.9a 84.5a 16.9a 17.2a
Qalyubia 60.0b 68.2b 18.6b 20.1b 118b 122b 3.7b 77.4b 16.4a 17.6a
Means followed by the same letter (S) are not statistically different at 5% level.
Table 5: Effect of environmental requirements on yield parameters of Arabica Coffee (Coffea arabica L.) during 2011 and 2012 seasons.
Characters Yield parameters (average)

Yield (kg/tree) Berry/dried bean wt. No. green beans / kg

Locations 1* season 2™ geason 1% season 2™ season 1% season 2" season
Giza 13.62a 13.44a 5.66:1a 5.58:1a 681a 674a
Qalyubia 9.12b 8.96b 4.53:1b 4.47:1b 453b 450b

Means followed by the same letter (S) are not statistically different at 5% level.

Leaf Minerals Content: Table 4 shows the effect of
environmental factors on macro and micro-leaf nutrient
contents of Arabica coffee during two seasons. Chemical
analyses showed differences in macro and micronutrient
concentrations in leaves among the two studied orchards.
It is clear that shaded coffee trees grown in Qalyubia
Governorate were characterized by increasing in leaf P
(0.18 & 0.19%),Ca(1.17 & 1.05%) and Cu (16.4 &17.6 ppm)
contents to be significantly equal with those of the

shaded coffee trees grown in Giza location in the 1* and
2™ seasons, respectively. Where, no significant difference
was noticed between two locations used under study
concerning leaf P, Ca and Cu contents in both seasons.
In addition, leaf N, K, Mg, B, Zn, Fe and Mn contents
were significantly higher in shaded coffee trees grown in
Giza orchard as compared with those of shaded coffee
trees under Qalyubia Governorate conditions. For almost
macronutrients, mainly levels of nitrogen, potassium and
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magnesium were decreased with cultivation of coffee trees
under Qalyubia location conditions. The same trend was
also obtained with B, Zn, Fe and Mn as micronutrient
contents. Previous reports show that high temperature
and vapor pressure largely promote photosynthetic
rate accompanied by increasing in leaf mineral contents
[2, 9, 17]. Generally, cultivation of coffee trees in light
texture soil and shaded under fruit trees at Giza
Governorate orchard induced an increase in different leaf
nutrient contents under study as compared with those of
Qalyubia location.

Yield Parameters: Data presented in Table 5 indicated
that coffee bean yield was increased enormously in Giza
orchard by 1.5 fold than those cultivated in Qalyubia
location. The effect on yield in kg/tree was more evident
for trees grown in Giza location, which yielded an average
of 13.62 & 13.14 kg/tree in the 1% and 2™ seasons,
respectively. Meanwhile, trees grown under Qalyubia
Governorate conditions yielded an average of 9.12 & 8.96
kg/tree. Where, number of green beans/kg (681 & 674) and
the ratios of berry/dried bean weight (5.66: 1& 5.58:1),
were better in coffee trees grown in Giza location as
compared with Qalyubia location in thel* and 2™ seasons,
respectively. Suitable environment resembled by relatively
high temperature and relative humidity are very important
for coffee plants that reflects relatively high
photosynthetic rates and probably requires large amounts
of carbohydrates to sustain high crop yields with
preferable quality [3, 10, 18, 19].

CONCLUSION

In conclusion, the results concerning effect of
environmental requirements on vegetative growth, leaf
nutrient contents and yield parameters of Arabica Coffee
reflected preliminary recommendation for coffee growers
in these regions that Giza climate is more suitable for
planting Coffee in light textured soil than those of
Qalyubia region.
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