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INFLUENCE OF IRRIGATION METHOD
AND FERTILIZATION TYPE
ON AVOCADO YIELD AND QUALITY

Darwish W.M. B.1 and Elmetwalli, A. H.2

ABSTRACT
This research study investigated the impact of watering method and
fertilization on avocado yield and quality in newly reclaimed areas. The
research attempted to choose the optimum irrigation system and
fertilization type to improve avocado yield and quality. Different
irrigation systems (micro-sprinkler, drip irrigation and combined
approach of micro-sprinkler and drip) with different fertilization types
(mineral fertilization, fertilization using fallen avocado leaves+mineral
fertilization and fertilization using plant compost +mineral fertilization)
were evaluated for enhancing avocado yield and quality. The results
showed that using fallen avocado leaves and plant compost, with mineral
fertilization and the use of combined irrigation (micro-sprinkler + drip
irrigation together) increased total yield, growth rates, water use
efficiency compared with the use of mineral fertilization only with micro-
sprinkler irrigation or drip irrigation only. Drip irrigation led to higher
water use efficiency as a result of less water applied. The highest
avocado yields of 21.08 and 14.63 Mg ha! for Hass and Ettinger cultivar
respectively were obtained from the combination combined irrigation
with fallen leaves + mineral in 2016-17 growing season. The same
combination produced the highest yield in the second season but with
fewer records.
INTRODUCTION

Avocado (Persea americana Mill.) is a perennial evergreen plant

indigenous to the humid subtropical/tropical areas in central and

Northern South America. It is distributed throughout many
countries from the tropics to Mediterranean climates (Wolstenholme
and Whiley, 1999 and Lahav et al., 2013). Its value as a fruit crop is
demonstrated by the fact that world's avocado production has continued
to increase from 2.7 million tons in 2000 to 3.6 million tons in 2009
(Wolstenholme, 2013).
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Avocado orchards are commonly irrigated in regions which are
characterized by dry-summer climate, such as California, Australia and
Chile (Carr, 2013). Since water availability is one of the key factors
controlling fruit quality and productivity of avocado, understanding
plant-water relations and following the right irrigation strategy are very
necessary to optimize crop productivity and avoid yield reductions. The
choice of appropriate irrigation strategy is the key factor for irrigation
water-saving and increase productivity in arid areas. In case of water
scarcity, effective irrigation techniques have become more important. In
avocado orchards, drip and micro-sprinkler irrigation systems are
commonly used for irrigation that are different in distribution water
around avocado tree trunks and thus fundamentally affect root size and
distribution. Greater root size and distribution could enhance fertilization
use efficiency (Purbopuspito and Van Rees, 2002). Drip irrigation
mainly apply water to the soil in wet bulbs which roots concentrate
within  them (Cantuarias et al., 1995) while micro-sprinkler
disseminates water in a larger area mainly between tree lines and thus
wider roots pattern (Meyer et al., 1992). Soil holding capacity is a
function of irrigation method and management (Watson and Kelsey,
2006).

Avocados trees should also, be fertilized with the goal of maintaining
optimum concentrations of nutrients in the leaf tissue. Consideration of
the fruit load in the tree is also important. Applying the same level of
nutrients when a tree has no fruit, only leads to a bigger tree that will
need to be pruned more heavily. Bio-fertilizers are important for plant
production as they play a vital role in increasing vegetative growth, yield
and fruit quality of avocado (Abd-Rabou, 2006).

Development of irrigated agriculture mainly depends not only on the
suitable irrigation system selection, but also on the optimum fertilization
type. Choosing an appropriate irrigation method has an effect on
economic return through maximizing crop productivity while minimizing
the irrigation water used. To accomplish the main goal of this research it
IS necessary to assess the effects of different irrigation methods and
fertilization type on avocado yield and quality. Therefore, the overall aim
of this research was to identify the optimum irrigation system and
fertilization type to increase avocado yield and quality.
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MATERIALS AND METHODS

The experiments of this research study were carried out over two
successive growing seasons of 2016-17 and 2017-18 on eight years old
Hass and Ettinger avocado (Persea Americana Mill.) cultivars. The
experiments were conducted at Elfatteh Experimental Farm, South
Altahrir, Bohaira Governorate, Egypt (30° 34' 37" N, 30° 42' 57"E).
Avocado trees were planted at a rate of 310 tree ha™’. Three techniques of
irrigation systems were utilized for avocado irrigation. A split plot design
with three replicates was used. Irrigation treatments were assigned as
main plots including the three used methods (drip, micro-sprinkler, and
combined approach of drip and micro-sprinkler). Fertilization treatments
were assigned for sub plots which included: mineral fertilization, fallen
leaves + mineral fertilization, and plant compost + mineral). Table 1
details the amounts of mineral fertilization added to avocado trees (Hass
and Ettinger) over 2016-17 and 2017-18.

Table 1: Mineral fertilization amounts added to both avocado cultivars
(Hass and Ettinger) in 2016-17 and 2017-18 growing seasons

Total Nutrient

amount, N* | PP | K [Ca”" |[Mg™ | Fe | Mn | Zn B | Cu

kg ha* 132 [ 39 176 | 72 36 1.2 | 15 3 39 | 0.7

The experimental soil was classified as sandy soil with 1.26 g cm™ soil
bulk density. The chemical analysis of the experimental soil including
anions and cations is detailed in Table 2. The organic matter of the
experimental soil was very low of 0.38%. The volumetric water content
values were measured using pressure membrane as 22, 19, and11% at
saturation, field capacity, and wilting points, respectively.

Table 2: Chemical analysis of the experimental soil

EC, Soluble cations, meq L Soluble anions, meq L™
pH SAR
dS/m Ca** | Mg* | Na* | K* | Cos" | HCos | CI" | Sos”
2.8 791|108 | 7.2 9 1 0.8 6.8 188 | 1.6 3

A total area of approximately 2 ha was used for the experiment which
was divided into three equal plots. The first plot was irrigated by micro
sprinkler irrigation, the second irrigated by drip irrigation and the third
was irrigated by a combined approach of drip and micro sprinkler
irrigation. Fig. 1 illustrates the layout and distribution of micro-sprinklers
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and drippers for the three different cases. Each plot was divided into
three subplots representing fertilization treatments (mineral fertilization,
fallen leaves + mineral fertilization, and plant compost + mineral
fertilization). For the plots irrigated by micro sprinklers, micro-sprinklers
lateral lines was installed on the trees line and two micro sprinkles of 35
L h? with 5 m wetted diameter were allocated for each tree which
installed at 2.5 m from the tree trunk. The micro sprinklers produced a
full circle to maximize the wetted area around the tree. For orchards
irrigated by drip irrigation, each tree was served by three lateral lines
with 0.5m spacing (24 drippers of 4 L h discharge rate for each tree).
Two lateral lines were installed 0.5 m from the tree line on both sides and
one just on the tree line as depicted in Fig. 1. Canal water having 0.37 dS
m? and 7.6 electrical conductivity and pH respectively was used for
watering different orchards.

20cm_; 50cm (2Rem , 50cm ,
—
5
5 F &
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P Microsprnkler
< Dripper
E=] Trench

Fig. 1: Layout of drip, micro sprinkler, and combination of drip and
micro sprinkler irrigation systems.
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Before the addition of compost to the trees, sand and compost were
mixed properly. A terrace was constructed along the tree line to apply
compost. Compost and sand were applied at rates of 50 tonnes ha* and
310 mha? respectively. For the addition of the fallen leaves, a terrace
was constructed along the tree line and fallen leaves were applied at a
rate of 3.5 Mg ha? of falling leaves, in addition to 130 m3sand ha™.
Tables 3 and 4 detail the chemical properties of avocado fallen leaves
and plant compost used in this study. The procedures of Page et al.,
(1992) were followed for the chemical analysis of avocado fallen leaves
and plant compost.

Table 3: Some chemical analyses of avocado fallen leaves used in this
research

Macronutrients (%) Micronutrients (mq kg™

N* | P* K* |Ca™"|Mg"™| F Zn Mn B Cu

22 {028 0.84 |135] 037 | 170 45 48 32 9

Table 4: Some chemical analyses of plant compost utilized in this
research

ECd|{p | N | OM | OC, [CIN| P, | K, | MC, | Ash,

Sm* | H| % % % % | % % %

21 | 6. |04 | 207 12 1:2 | 0.2 |0.72 8 42
8 8 5

O.M: Organic matter O.C: Organic carbon M.C: moisture content
Irrigation water requirements

Crop water requirements were calculated according to Abdrabbo et al.,
2013 employing the following equation

_ ETo*kc*LF*R*A

- IE *1000

IR

Where:

IR = Irrigation requirement (m®ha?),

Kc = Crop coefficient, which was 0.5, 0.5, 0.8, 0.8, 0.65, 0.65, 0.65, 0.65,
0.65, 0.65, 0.5, 0.5 starting from January through to December

ETo = Reference crop evapotranspiration (mm day™).

LF = Leaching fraction (assumed 20% of irrigation water).
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IE = Irrigation efficiency (assumed 80%),

R = Reduction factor (80% coverage percent) A=area, ha
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Fig. 2 Average monthly water applied to combination of drip and micro-
sprinkler, micro-sprinkler, and drip irrigation systems during
investigated seasons

Water Use Efficiency (WUE)
Water use efficiency (kg mm™) was calculated as the ratio between total
fresh avocado yield and total water applied (mm ha) according to
Lovelli et al., 2007 as follows:

WUE =Y/ W,
Where: WUE is water use efficiency in Mg mm™, Y is the total avocado
yield in Mg ha* and W is the total water applied in mm ha*

Some physical and chemical measurements of avocado

All fruits were harvested from the experimental plots in November and
February for Ettinger and Hass respectively for both seasons. Samples of
20 randomly mature fruits from each experimental unit were collected for
measuring some various fruit physical properties including fruit weight,
volume, length, width, and diameter.

Quiality considerations

Following the harvesting, it is very important for avocado fruits of
different cultivars to be the preference of customers, so they should have
the minimum requirements to be marketed. Fruits should be free from
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various things including visible foreign material, pests and damage
caused by heat stress or other stresses. Thereafter, avocado fruits are
classified into categories. A locally-made sorting machine was employed
to classify avocado fruits samples into three different classes (one for
exportation, the second and third for local consumption) according to
fruit size.

Statistical analysis:

Data were statistically analyzed using SAS software package (SAS
Institute, 2003). The means were compared with least significant
difference (LSD) at 5% significance level. The coefficient of correlation
was also calculated using the same software package.

RESULTS AND DISCUSSION

Effects of irrigation method on avocado properties

The statistical analysis of the effect of irrigation method showed
remarkable effects on avocado properties including average weight of
fruits, total weight of fruits per tree, export and local ratios. It is obvious
that for both investigated seasons the combined approach of micro-
sprinkler + drip irrigation enhanced various avocado properties as
detailed in Table 5. The combined approach produced the highest values
of average weight of fruits, total weight of fruits per tree, export and local
ratios (177.9, 63.9, 70.88, and 24.1 for Hass; 332.3, 36.8, 46.33 and
4491 for Ettinger respectively). Broadly, the data detailed in table 5
demonstrated that Ettinger cultivar produced higher values in all
investigated properties compared with Hass. Additionally, drip irrigation
produced comparable records when compared with micro-sprinkler
irrigation. The optimum combination of irrigation method and cultivar
for higher average weight of fruits is the combined with Ettinger (332.3
g); higher total weight of fruits is the combined with Hass (63.9 kg); for
higher export ratio is the combined with Hass (70.88%). The results
further showed that irrigation systems did not significantly affected
export and local ratios for Ettinger in both 2016-17 and 2017-18 seasons
while for Hass significant differences were noticed. The advantage of the
combined approach of micro-sprinkler + drip irrigation may have been a
result of better and greater root size and distribution since drip irrigation
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enhance roots to grow nearby drippers and micro-sprinkler distribute
water to distances away from those accessible by drippers.

Effects of fertilization type on avocado properties

The data detailed in Table 6 clearly demonstrated that Ettinger cultivar
produced higher values of average weight of fruits per tree in both
seasons compared with Hass cultivar. The highest values of 314.56 and
316.55 g were recorded with fallen leaves + mineral and plant compost +
mineral in 2016-17 and 2017-18, respectively. The average weight of
fruits per tree for Hass was around 40% less than Ettinger for all
combinations in both seasons.

Regarding the weight of fruits per tree, data in 2016-17 had the opposite
trend of average weight of fruits per tree since the weight of fruits per
tree values were greater for Hass cultivar than Ettinger with the highest
value of 59.15 recorded with the fallen leaves+mineral type. Hass
produced higher weights of fruits per tree by at least 40% more than
Ettinger in 2016-17.

The export ratio values of Hass in 2016-17 are strongly affected by the
fertilization type and fallen leaves + mineral fertilization produced the
highest export ratio among different treatments for Hass in 2016-17 and
for Ettinger in 2017-18. It is obvious that different types of fertilization
did not significantly affect Ettinger most properties in 2016-17 season
except the average weight of fruits per tree as fallen leaves + mineral
protocol produced the highest value (314.56 g). For export and local
ratios of Ettinger, there were no significant differences. This may have
been a result of similar fruits size as the classification of fruits into
categories depends mainly on the size of random fruits sample.

Effects of combination between irrigation and fertilization on
avocado properties

Regarding the average weight of fruits per tree, the combination
combined irrigation and fallen leaves +mineral recorded the greatest
value of 355.3 g for Ettinger in both seasons. It is also noticed that the
average weight of fruits per tree values in 2016-17 were higher than
those recorded in 2017-18 for most cases.
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. o 2016-17 2017-18
Variety Irrigation Wi W. EXR LR Wi W:  EXR LR
Micro-sprinkler 164.6d 41.7b 68.00b 2250c |1756d 23.2c 53.66a 29.93 b
Hass Drip 167.3e 579a 69.11b 2382b | 171.6d 239c 53.22ab 29.82b
Combined 1779e 63.9a 70.88a 24.10b | 1736 259 5411a  31.32D
Micro-sprinkler 2927b 29.6d 4455c 43.92a | 3043 237 46.77b  44.86a
Ettinger Drip 280.6c 31.8d 46.22c 44.82a | 280.6c 289b 47.61b 45.06 a
Combined 332.3a 36.8b 46.33c 4491a | 3529a 328 4800ab 43.67a
LSD 5.39 6.08 1.76 1.33 17.28 2.96 6.80 3.24
W3, average weight of fruit (g); Wa, weight of fruits/tree (kg); EXR, Export Ratio (%) and LR, Local ratiol (%)
Table 6: Separate effects of fertilization type, cultivar on avocado properties
: e 2016-17 2017-18
Variety Fertilization
W1 W EXR LR W1 W EXR LR
Plant compost + 170.11 5549 69.2a 23.7b | 17266 2389 445c 34.0b
Hass Fallen leaves + 16855 59.15 706a 239b | 17555 27.02 457c 343D
Mineral 17111 48.80 68.1b 227b | 17244 2217e 446¢C 22.7cC
Plant compost + 295.22 30.69 47.4c 449a | 31655 29.63 474a 441a
Ettinger Fallen leaves + 31456 36.18 463c 44.1a | 31455 30.05a 4805a 444a
Mineral 295.78 3129 46.3c 446a | 306.66 2570 47.8a 45.01a
LSD 5.39 6.08 1.74 1.33 17.28 2.96 1.51 1.52
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Broadly, the total weight of fruits per tree was greater in 2016-17 than
2017-18 in all combinations with the highest value of 73.8 kg obtained
from the combination fallen leaves + mineral with combined irrigation
for Hass cultivar. The total weight of fruits increased by at least 30% in
2016-17 more than 2017-18 in most combinations. For the export ratio, it
is obvious that its values were greater in 2016-17 than 2017-18 in most
cases with the highest value of 71.3% produced from the combination
fallen leaves +mineral and combined irrigation. The results illustrated in
Fig. 5 further demonstrated that the combined approach of irrigation
produced the highest export ratio regardless the fertilization type in 2016-
17 while in 2017-18 fallen leaves + mineral with the combined approach
produced the highest values. For the local ratio, the combined irrigation
showed the superiority among various combinations in both investigated
seasons with the highest values of 46.6% and 36% in 2017-18 for
Ettinger and Hass respectively. No remarkable differences of local ratio
between 2016-17 and 2017-18. In general, data showed that the
combination of combined approach of irrigation with fallen leaves +
mineral is the optimum since it produced the highest values of different
avocado properties as depicted in Figures 3 and 4. This can be attributed
to the uniform distribution of roots throughout the allocated area for each
tree. Drip irrigation possibly produced larger root size around the tree
trunk while micro sprinkler enhance the root distribution and size at
further points that are away from the wetted bulb of drip lines. Again,
greater root size and efficient distribution encouraged the uptake of
various nutrients and thus more activities that enhance yield, growth
rates, photosynthesis and other fundamental processes.

Effects of irrigation method on avocado yield

Broadly, plots irrigated by the combined irrigation method (micro
sprinkler + drip) produced higher yields in comparison to separate
systems. The highest avocado yield for Hass and Ettinger cultivars were
21.08 and 8.4 Mg ha*; 14.63 and 12.76 Mg ha* in 2016-17 and 2017-18
respectively. The results further showed that drip irrigation is more
advantageous than micro sprinkler system for enhancing yield as in most
treatments drip irrigation produced higher yields.
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Fig. 3: Effects of irrigation system and fertilization type on a) average
weight of fruits per tree, b) weight of fruits per tree (kg), c) export ratio
(%) and d) local ratio (%) of Ettinger cultivar in 2016-17 and 2017-18
seasons.

Misr J. Ag. Eng., January 2019 - 151 -




IRRIGATION AND DRAINAGE

mcompost mfallen leaves Omineral

[
o]
[

178.7

PR
a o
a O
P

Average weight of fruits per tree (g)
B
[0}
(9]
y
HHH
ARRANRANRRRRNNANRRERNEENENE

150 -

m-sprinkler-1 drip-1 combined-1 m-sprinkler-2 drip-2 combined-2

Irrigation system

Bmcompost HBfallen leaves Omineral

738

e}
o

H

~
o

60.9

(o2}
o

a
o
'

N

] ©
T 4

w
o
N

Weight of fruits per tree (kg)
iy
o

[
o
'

e
INEE N EENEEREERERE R R R i

N

(=]
T !
EEE AR EREE ERE i

Ii

m-sprinkler-1 drip-1 combined-1 m-sprinkler-2 drip-2 combined-2

o
|

Irrigation system

& compost Bfallen leaves O mineral

713

70 J 66.3 66.7

46

a o
o o
-

Export ratio (%)
[
o O
-

BN
o O O
|

m-sprinkler- drip-1 combined-1 m-sprinkler- drip-2 combined-2
1 2

Irrigation system

B compost @Dfallenleaves O mineral

0
@]
0

34.7 35

N
a
N
N
[
w

Local ratio (%)
N
o

| =
HHHHHHHHHH
T

m-sprinkler-1 drip-1 combined-1 m-sprinkler-2 drip-2 combined-2

Irrigation ystem

d

Fig. 4. Effects of irrigation system and fertilization type on: a) average
weight of fruits per tree, b) weight of fruits per tree (kg), c) export ratio
(%) and d) local ratio (%) of Hass cultivar in 2016-17 and 2017-18
seasons.

Misr J. Ag. Eng., January 2019 -152 -




IRRIGATION AND DRAINAGE

The application of plant compost and fallen leaves plus mineral
fertilization enhanced avocado fruit yield for Hass and Ettinger cultivars
in both investigated seasons. The plots treated by the combined approach
of irrigation (micro-sprinkler + drip) and fallen leaves + mineral
fertilization produced the highest yield of 21.08 Mg ha? in 2016-17
which may have been a result of larger root size that enhance avocado
growth traits for both cultivars. The results further demonstrated that
among various treatments, avocado yield was less with the combination
of micro-sprinkler and mineral fertilization. From the above mentioned
results it can be noted that the combination of micro-sprinkler and drip
irrigation motivated avocado yield though larger root distribution that
maximize the root size and therefore great root activities including for
sure uptake of macro and micro nutrients.

Table 7: Effect of irrigation method and fertilization type on yield
(Mg ha?) of Ettinger and Hass avocado cultivars.

Irrigation fertilization Hass Ettinger
method 2016- 2017- 2016- 2017-
) Plant compost +| 1246 6.68 9.85 8.37
'V'"?“;'I Fallen leaves +| 1221 729 1120 9.23
sprinkier Mineral 1104 591 1064 7.70
Plant compost +]| 16.90 6.70 10.62 11.09
Drip Fallen  leaves +| 1739 7.46 1293 10.19
Mineral 1529 640 1049 9.72
Plant compost +| 18.19 7.09 1240 12.26

Combined Fallen leaves +]121.08 840 1463 12.76
Mineral 1548 6.69 12.39 10.12

Water use efficiency

Water use efficiency (WUE) calculated as the ratio between avocado
yield and water applied was remarkably affected by irrigation method
and fertilization type. The results obviously revealed that drip irrigation
produced higher WUE compared with micro-sprinkler and the combined
method with all investigated fertilization types. This finding can be
attributed to less water applied to the combinations included drip
irrigation. The combination drip irrigation + (fallen leaves + mineral)
produced WUE of 15.69 kg mm* which is the highest among the whole
set of the treatments. The results further showed that WUE values
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obtained for both Hass and Ettinger were less in 2017-18 growing season
as a result of lower yields in the same year which may have been a result
of what is called alternate bearing. Regardless the irrigation method used,
fallen leaves + mineral led to higher yields and thus greater WUE with
just one exception under micro-sprinkler irrigation.

Table 8 Effect of irrigation method and fertilization type on WUE
(kg mm™) of both Ettinger and Hass avocado cultivars

Irrigation Fertilizati Hass Ettinger
technique ertilization 2016-  2017-  2016-  2017-

] Plant ~ compost  +| 11.09  5.95 8.77 745
Micro- Fallen leaves + mineral | 10.87 649 997 822

Sprinkler \tineral 083 526 947  6.86
Plant compost +1 15.25 6.05 9.58 10.0
Drip Fallen leaves + mineral | 1569 673  11.67 9.19
Mineral 13.79 5.78 9.47 8.77

Plant  compost +| 12.18 4.75 8.31 8.21
Combined Fallen leaves + mineral 14.12 5.63 9.80 8.55
Mineral 10.37 4.48 8.30 6.78

CONCLUSION
This research aimed to choose the optimum irrigation method and
fertilization type for the production of two avocado cultivars (Hass and
Ettinger). The research hypothesized that the combination of micro-
sprinkler and drip irrigation system besides the optimum fertilization
protocol can maximize avocado fruit yield and quality. The results
clearly demonstrated that the combined approach of micro-sprinkler and
drip irrigation encouraged avocado yield and quality including fruit yield,
number of fruits per tree, export ratio and water use efficiency. The novel
idea presented here is the combination between micro-sprinkler and drip
irrigation to have greater root size and distribution that enhance various
nutrients uptake and other root activities. Moreover, the application of
fallen leaves plus normal mineral fertilization type remarkably increased
avocado yield and quality and thus higher net income.
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