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ABSTRACT

A 2-yr study was conducted in a private farm in the newly reclaimed calcareous
soils of Nubaria area during the 2002/2003 and 2003/2004 seasons, to detemmine yield, yield
components, fruit quality, applied irrigation water, water utilization efficiency and crop
response factor of banana crop (var. "Williams") subjected to four levels of irrigation,
lrrigation treatments were based upon Class A pan factors ranged from 06 to 12 in
increments of 0.2. Surface drip irrigation system was used in this experiment. A randomized
complete blocks design (RCBD) with five replicates was used.

Results showed that irrigation treatments had a significant effect on banana yield,
yield components and fruit quality parameters. Banana yields were 31.9, 28.47, 20.36, and
14.47 t/fed corresponding to pan factors of 1.2, 1.0, 0.8, and 0.6, respectively. This indicates
that banana yields were highly linearly related to the appiied irigation water. Results
revealed also that, increasing the pan factor from 0.6 to 1.2 resulted in a significant increase
in finger's weight, length, and diameter. Results showed that banana frut TSS (%) and
starch (%) decreased with increasing amounts of applied water, while total acidity, pulp (%),
and total sugar (%) increased with increasing Class A pan factor.

Average applied irfigation water varied from 7522 to 3761 marfed}!r for the respective
pan faclors. An average water utilization efficiency value of 4.24 kg/m” appled water was
obtained from the |, irrigation treatment (irrigation with amount of water equals 120% ETp).
A banana yield response factor (Ky) of 1.08 was obtained indicating a lower impact of deficit
irrigation practices on banana yield. it may be conciuded from this investigation that, to
obtain an optimum yield, banana crop grown under calcareous soils and drip irrigation
conditions at Nubaria area should be irfigated with a pan factor of not less than 1.2.

INTRODUCTION

it is.well known that banana requires an ample and frequent supply of
water, but information regarding water requirements for banana grown
under the newly recldimed calcareous soil and drip irrigation conditions at
Nubaria region is very limited. According to FAQO (1979), water
requirements for banana grown in dry tropics are about 2200mm per year.
Norman et al. (1984) stated that, the high evaporative demand in semiarid
environments combined with the large transpiring surface area and shallow
root system of banana makes it susceptible to water deficits. Robinson and
Alberts (1989) estimated an annual evapotranspiration (ET) of banana
range from 1200 to 2680mm depending on the prevailing climatic

Vol. 10 (3),2005 747



J. Adv. Agric.Res. (Fac. Agric. Saba Basha)

conditicns. Goenaga et al. (1993) conducted an experiment to determine
the optimum water requirement of drip-irrigaied banana grown under
semiarid conditions. The irrigation treatments were based on class A pan
factors ranging from 0.25 to 1.25 with increment of 0.25. Results showed
that, all yield components were significantly affected by the amount of water
applied. Highest marketable yield (33.9 t/ha) was obtained with the
application of a pan factor treatment of 1.25.

Water is considered a scarce and vital resource that is decreasing
due to the increasing population. One method to maximize the use of this
limited resource is the use of modern irrigation systems. Hedge and
Srinivas (1991) stated that drip irrigation is one important method
developed for economizing the use of irrigation water. It is well suited to
widely spaced crops such as banana. Goenaga and lIrizarry (1995)
indicated that drip irrigation technology permits the efficient use of water
and can help maximize the utilization of semiarid lands for agricultural
production. Locascio and Smajstria (1996) stated that as the need to
conserve water increases, the use of drip irrigation system has increased.
They indicated also that, applying water by drip system in relation to the
amount of water evaporated from Ciass A pan is a convenient method to
schedule irrigation.

in Egypt, Hassan and Seif (1999) reported positive correlation
between water use efficiency of banana and moisture regime. El-Sayed et
al. (2002) stated that yield efficiency tended to increase as quantity of
applied irrigation water increased. Ibrahim (2003) evaluated the productivity
of Grand Nain banana under two irrigation systems (drip and micro-
sprinkler) and three amounts of applied irrigation water (6000, 9000, and
12000 m®fed/yr). Results showed significant effect of the tested variables
on banana yield. The highest yields of 26.4, 39.2, and 36.2 t/ed for the
mother plant, 1% ratoon, and 2™ ratoon, respectively were obtained from the
combined effect of micro-sprinkler irrigation system and the 12000 m>fed/yr
amount of applied irrigation water treatment. '

The main objectives of this study were fo test the effect of four
irrigation treatments on banana's (var. "Williams") yield, physical and
chemical fruit parameters, amount of applied irrigation water, water
utilization efficiency, and yield response factor under drip irrigation in the
newly reclaimed calcareous soils conditions at Nubaria region.

MATERIALS AND METHODS
The present study was conducted in a private farm at Nubaria region
during the 2002/2003 and 2003/2004 growing seascns. The soil texture at
the farm is sandy clay loam with the following features, soil pH of 8.4, soil
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saturation extract conductivity (EC.) of 2.5 dS/m, organic matter (OM)
content of 0.4%, and calcium carbonate contents of 29%. Average values
of field capacity, wilting point and bulk density are 24%, 13%, and 1.3
g/em?®, respectively.

The surface drip irrigation system used in the farm includes an
irrigation pump (50 hp) connected to sand and screen filters and a fertilizer
injector tank. The conveying pipeline system consists of a main line that is
made of PVC pipe of 76.2mm diameter connected to sub-main line of
50.8mm and manifold of 38.1mm. The drip lateral lines of 16mm diameter
are connected to the manifold line. Each plant line is served by two lateral
lines about 0.60m apart (i.e., 0.30m from each side of the pseudostems).
Lateral lines equipped with build-in emitters of 3.4 I’h discharge were
spaced 0.3m apart on the lateral line. There were 6 emitters per hole (i.e., 2
banana plants).

Suckers of banana (var. "Wiliams™) were planted at a 3.0 x 3.0m
spacing (equivalent to 467 plants per feddan) in March 2001. In both
growing seasons, the mother piants were removed and two offshoots were
selected and left in each hole to carry out the present experiment. All
agricultural practices for banana production at Nubaria region, except for
irrigation, were followed.

A randomized complete blocks design (RCBD) with five replicates
was adopted. Each experimental unit consisted of five plant-lines. Each
plant-line consisted of nine holes, where two plants per hole were kept for
fruiting in the current season and two suckers were kept for fruiting the
following season. On the 1* of December of 2003 and 2004, bunches were
picked and weight was recorded. Before artificial ripening, yield (t/fed) was
computed. After ripening, the foliowing measurements were carried out:

A: Physical fruit parameters:

1- Average finger weight (g), length {cm), and diameter (cm).

B- Chemical fruit parameters:

1- Starch percentage, according to A.O.A.C. (1995).

2- Total acidity percentage (g malic acid/100g pulp), according to A.O.A.C.

(1995).

3- Pulp percentage.

4- Total soluble solid (TSS, %).

5- Total sugar (%).

Four amounts of applied irrigation water based on Class A pan factors

(proportion of pan evaporation) were tested in this experiment. The

irrigation treatments were as follow:

Iy Irrigation with amount of water equals 120% of potential evapotranspir-
ation (ETp) determined by Class A pan (i.e., pan factor of 1.2).
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I irrigation with amount of water equals 100% of ETp (i.e., pan fo-tor of
1.0).
I3 Irrigation with amount of waequals 80% of ETp (i.e., pan factor of 0.8).
la: Irrigation with amount of water equals 60% of ETp (i.e., pan factor of
0.6).
Soil water relations:
1- Amount of applied irrigation water (AIW):
The amount of applied water was measured by a flow meter and was
caiculated according to the following equation (FAQ, 1984):
Sp X S X ET, X K. X K, X I interval

AlW = + LR
: Ea
where:
AIW = applied irrigation water depth (liters/day).
Sp = distance between plants in the same line (m).
S = distance between lines (m).

ET, = potential evapotranspiration (mm/day) vaiues obtained by Class A
pan evaporation method (FAQ, 1979) and calculated as follows:
ETg = Epan X Kpan

where :
Ewn = measured pan evaporation daily values (mm/day).
Kean = pan coefficient. Kga, values depend on the relative humidity, wind

speed and the site conditions (bare or cuitivated). A Kpa, value of
0.75 was used for the experimental site (FAO, 1979).

K = crop coefficient, the values used in this study were 1.0, 1.1, 1.2,
and 1.1 for initial, erop development, mid-season, and late-season
growth stages, respectively (FAQ, 1977).

K: = reduction factor that depends on ground cover. It equals 0.7 for
mature trees (FAO, 1879).

Ea = irrigation efficiency = K; x K; = 0.80

where:

K, = emitter uniformity coefficient = 0.90 for the experimental site.

Kz=drip irrigation system efficiency = 0.89 for the experimental site.

lnmevar = irrigation intervals (days) = 1 day for the experimental site.
ECy

LR = leaching requirements (FAO, 1877} = _
2MaXEC,

where;

EC, = electrical conductivity of the irrigation water (1.2 dS/m).

Max EC, = maximum tolerable electrical conductivity of the soil saturation

extract for banana crop (5 dS/m). ,
Vol. 10 (3), 2005 730



J. Adv. Agric.Res, (Fac. Apric. Saba Basha)

2- Water utilization efficiency (W.U.E):

Water utilization efficiency vaiues were calculated according to
Jensen (1983) as foliows:

Fruit Yield (Kg/Fed)
W.UE. =

Applied irrigation Water (m*Fed)

3- Yield response factor (K,):

The yield response factor, which Iinks relative yield decrease to
relative evapotranspiration deficit, is expressed by the standard formulation
given by Vaux and Pruitt (1983) as follows:

s
where:;

K, yield response factor, ‘ =

Ya: actual yield (t/fed) under experimental conditions,

Ym:  maximum yield (t/fed} under experimental conditions,

AIW,: actual amounts of applied irrigation water (m*fed/yr).

AW maximum amount of applied irrigation water (malfedlyr). .

Statistical analysis: .
The data were analyzed using the CoHort Software (1986) statlstlca] '

package. Average values from the five replicates of each treatment were .

interpreted using the analysis of variance (ANOVA). The Duncan’s Multlplg'”

Range Test was used for comparisons between different sources of

variance as advised by Steel and Torrie {1980).

RESULTS AND DISCUSSION
1- Banana yield and yield components (physical fruit parameters) :
The effect of irrigation treatments on banana yield (t/fed) and finger's
weight (gm), length (cm) and diameter (cm) is presented in Table 1. Results
indicated that differences in the obtained yield from the irrigation treatments
were significant. Average yield were 31.87, 26.79, 20.36, and 14.47 tffed
for the |3, 15, 1a, and |, irrigation treatments, respectively. The highest yields
represent an increase of 122% and 119% over those obtained from the |
(60% ETp) irrigation treatment in the 2002/2003 and 2003/2004 growing
seasons, respectively. Similar results were reported by Ibrahim (2003). He
reported 13.2, 29.34, and 36.12 tffed for the 6000, 9000, and 12000
m3/fed/yr amounts of applied irrigation water.
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Results showed also that, increments in Class A pan factor
treatments resulted in significant increases in finger's weight, length, and
diameter. Finger weights received amounts of irrigation water according to
a Class A pan factor of 1.2 were 13.5, 32.8, and 97% heavier than those for
the 1.0, 0.8, and 0.6 pan factors, respectively. The same trend was noticed
for finger's length and diameter. Average finger length for the |, (120% ETp)
irigation treatment was 16.4, 30.7, and 51.3% longer than those of |, I,
and |, irmigation treatments, respectively. Average finger diameter for the
Class A pan factor of 1.2 was 13.7, 30.6, and 73.4% thicker than those of
the respective pan factors.

Table 1: Effect of irrigation treatments on banana’s yield (t/fed) and yield
components (physical fruit parameters) in the 2002/2003 and

2003/2004 seasons.
Yield Finger weight Finger length Finger diameter
Irri. {tifed) {gm) _(cm) {cm)

Treat. 2002/ 2003/ 2002/ 2003/ 2002/ 2003/ 2002/ 2003/
2003 2004 2003 2004 2003 2004 2003 2004

b 33.00 30.74 114.96 118.04 21.18 21.18 4.04 3.90
2 27.06 26.88 102.22 97.70 18.44 17.96 .56 3.42
Ix 20.92 19.80 87.64 83.26 16.44 15.96 3.4 294
L 14.86 14.07 59.10 56.20 14.06 13.94 232 2.26

LSDo.0s 2.188 1.512 7.892 7.675 0.827 1.521 0.222 0.270

2- Chemical fruit parameters:

Results indicated significant effect of irrigation treatments on the
tested chemical fruit quality parameters (Table 2). Results showed that
banana fruit TSS (%) and starch (%) decreased with increasing amounts of
applied water, Average TSS (%) values were 14.9, 17.9, 20.1, and 22.3%
for the L, Iy, I3, and |, irrigation treatments, respectively. The obtained
results agreed well with those of Patel et al. (1993). They stated that
banana fruit TSS were lowest in treatments irrigated with high amounts of
irigation water. Results of this investigation revealed that average value of
starch (%) for 5 irrigation treatment was 46.4, 29.9, and 12% more than
those of |y, I, and |, irrigation treatments, respectively.

Table 2: Effect of irrigation treatments on chemical fruit parameters in the
2002/2003 and 2003/2004 seasong.

Imi. TSS (%) Total acidity (%), Pulp (%) Total sugar (%) Starch (%)

Treat. 2002/ 2003/ 2002/ 2003/ 2002/ 2003/ 2002/ 2003/ 2002/ 2003/
2003 2004 2003 2004 2003 2004 2003 2004 2003 2004

by 1520 1460 0392 0374 76.4 73.8 1818 19.80 748 747
Iz 1860 1720 0328 0318 700 686 1738 18,52 8.39 8.36
h 2012 2000 0272 0.246 614 63.0 1480 16.41 9.53 .88
ly 2288 2176 0221 01474 592 58.0 1264 1445 1092 1096

LSDes 1728 1.984 0.044 0.048 290 4.051 1105 1490 0636 0.512
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The obtained values of total acidity, pulp (%), and totai sugar (%)
increased with increasing Class A pan factor. Average total acidity values
were 0.383, 0.324, 0.259, and 0.198 for the |;, 15, I3, and 1, irrigation
treatments, respectively. Average values for pulp (%) were 75.1, 69.3, 62.2,
58.6% for the same respective irrigation treatments. Average total sugar
(%) for the |, irrigation treatment was 40.2, 32.5, and 15.2% less than those
of I, 1;, and 1, irrigation treatments, respectively.

3- Banana’'s water relations:
3.1. Applied irrigation water (AIW):

The effect of tested irrigation treatments on applied irrigation water
expressed as litersthole/day, m®ffedimonth, and m*fedfyear for the
2002/2003 and 2003/2004 growing seasons is presented in Table 3.
Results show that the lowest amounts of water requirements occur during
January of both seasons and the highest amounts occur during August.
Average amounts of applied irrigation water were 7522, 6268, 5014, and
3761 m®ffed/yr for the 14, 15, I3, and |, irrigation treatments, respectively. The
obtained amounts equal 1781, 1493, 1194, and B96 mm/fed/yr for the same
respective treatments. From the results of this study, it could be concluded
that the amount of applied irrigation water for a good yield of banana crop
should be ? 7522 m*ffediyr (1791 mm/{fed/yr). The obtained result was
within the irrigation requirements for banana crop reported by FAQ (1979).
They stated that the water requirements per year vary between 1200mm in
the humid tropics to 2200mm in the dry tropics.

A linear regression analysis was run to develop a relationship between
banana yield (t/fed) and the amounts of applied irrigation water (mfed)).
The obtained linear Yield — AIW relationship is illustrated in Figure 1 and
expressed as:

Yield (T/Fed) = .0047 AIW (m*/Fed/Yr) - 3.047 r*=0.9944

The high coefficient of determination value (r* = 0.9944).indicates that
banana vyield is linearly related to the amount of applied irmigation water
under the experimental conditions and the tested irrigation treatments (i.e.,
3500 7 AIW ? 8000 m®fedlyr). The obtained result indicates that, a Class A

pan factor of ? 1.2 should be used to obtain a good yield of banana crop at
Nubaria region. -
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Table 3: Effect of irrigation treatments cn the amounts of applied irrigation
_water for the 2002/2003 and 2003/2004 growing seasons.

wonth AW 200212003 200372004
I b b A b A b W
Jan, Unolelday 16 13 11 8 10 8 7 5
m¥fedimonth 20 192 153 115 146 12 98 73
Feb, Uhole/day 20 16 13 10 17 14 12 9
m¥fedimonth %9 26 173 13 227 189 151 113
Mar. Uhole/day kX 7 22 16 2 2% 19 14
mfled/month 475 396 7 238 411 M3 274 208
Apr Linole/day 4 7 Lo 22 a2 35 2 21
m¥fed/month 620 516 413 310 587 4% 3% 204
May Ubolelday 45 38 30 23 48 40 32 24
mAfled/month 654 545 43 327 691 576 460 345
Jun, Lihole/day 68 5% 45 34 58 57 45 34
mffedimonth 940 791 633 474 953 794 635 476
Jul Uholefday 7 59 48 36 70 58 1 35
miffedimonth 1032 80 688 5% 1006 839 671 503
Aug. Uhole/day 7 64 51 3 76 83 51 38
mfledimonth M1 8% 741 55 1102 919 735 551
Sep. Linole/day 56 46 by 28 52 43 /5. 2%
méffedimonth 781 BS51 520 390 723 608 486 365
Oct. Uhole/day 45 37 30 22 42 35 28 21
mffed/month 650 542 433 325 612 50 408 306
Nov. Unolefday 40 33 27 20 39 33 2% 20
miffed/month 550 466 373 280 S50 459 367 275
Dec. Lihole/day 25 21 17 13 2% 20 16 12
mffed/month 36 305 244 183 341 284 228 17
Total mfediyear 7686 B405 5124 3843 7357 6131 4904 3678
35
T304  y=0.0047x - 3.047
£ 25 R? = 0.9944
B 20 4
[]
z o)
g 5.
0 LI L T L L] ¥

¥

3a500 4000 4500 5000 5500 6000 6500 7000 7500 8000
Applied Irrigation Water {(m*3ffed/yr)

[ ® Yield (t/fed) ~=—Linear (Yield (t/fed))

Figure 1: Linear relationship between applied irrigation water banana yield.
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3.2. Water utilization efficiency (WULE):

The calculated water utilization efficiency (kg yield/m® applied water)
values for the tested irrigation treatments are presented in Table 4. Results
indicate that, increasing the amounts of applied irrigation water led to an
increase in water utilization efficiency values. Average water utilization
efficiency values were 4.23, 4.30, 4.06, and 3.85 kg fruittm® applied
irrigation water for the |4, I3, 13, and 1, irmigation treatments, respedtively. The
highest WULE value of 4.38 kg/m® was obtained from the |, (100% ETp)
irrigation treatment during the 2003/2004 growing season. The obtained
results were in close agreement with those reported by FAO (1979). They
showed that the water utilization efficiency for harvested yield of banana
fruits is 2.5 to 4.0 kg/m® for plant crops and 3.5 to 6.0 kg/m® for ratoon
crops. The results were also close to those of Ibrahim (2003). He reported
WULE values of 2.2, 3.26, and 3.01 kg fruitm® of applied water for the 6000,

9000, and 12000m® of the amounts of applied irrigation water treatments,
respectively.

Table 4: The calculated water utilization efficiency values for the 2002/2003
and 2003/2004 growing seasons.

WULE (kg yield/ m” applied irrigation water)

Irrigation Treatments

2002/2003 200312004
I, (120% ETp) 4.29 418
l2 (100% ETp} 4.22 438
Iz (80% ETp) 4.08 4.04
4 (60% ETp) 3.87 3.83

3.3. Yield response factor (Ky):
Banana vield response data from the tested irrigation treatments were
fitted to the linear equation relating the relative vield decrease to the

reiative decrease in applied irrigation water (Figure 2). The equation
representing this relation can be expressed as:

Y =1.0812 X, r* = 0.9878
where:

Y: represents relative yield reduction (1 — Ya/Yn).
X: represents relative reduction in applied irrigation water (1 — AIML/AIW).
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(1 - YalYm)

0 01 €62 03 04 05 06 07 08 09 1
{1 - AlWa/AlWm)

—&—Ky == 11

Figure 2: Crop response factor for banana {var. "Williams").

The constant 1.0812 represents the crop response factor (K,) that
relates relative yield reduction of the banana crop grown under the
experimental conditions to the relative decrease in applied irrigation water.
The coefficient of determination () value of 0.9878 indicates a good
relation between relative yield reduction and elative reduction in applied
irrigation water.

Results indicate that, since Ky value is more than 1.0, banana yield is
more sensitive to deficit irrigation and the relative reduction in yield is more
than the relative reduction in applied water. Resuits reveal also that the
obtained yield response factor of 1.08 is 10 to 20% less than those reported
by FAOQ (1979). The short irrigation interval practiced in this experiment
(daily irrigation) proved to have a pronounced effect on decreasing the
effect of water stress on the obtained yield. The smaller Ky vaiue obtained
under the experimental conditions could be due to practicing daily irrigation
while conducting the experiment.

CONCLUSIONS

From the obtained resulits it could be concluded that:
1- There is a significant effect of irrigation treatments on banana yield and
physical and chemical fruit quality parameters.
2- There is a strong linear relationship (P = ©.9944) between banana vield
and the tested amounts of applied irrigatic 7 water.
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3- The value of crop response factor (Ky) of 1.08 indicates a less impact of
the tested irrigation treatments on banana yield than that was previousty
published.

4- Under similar field conditions, irrigation with amounts of water equals 1.2

of Class A pan factor is recommended to obtain a opimum banana
yield.
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