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ABSTRACT

Two field experiments were conducted at Badaway district, Dakahlia Governorate during 2017 and
2018 seasons. This study aimed to investigate the effect of drip irrigation levels of 120, 100% and deficit drip
irrigation at 80 % of crop evapotranspiration, drip fertigated nitrogen rates of 100 % (N1) recommended, 80 %
(N2) and 60 % (Ns) sub recommended rates and their interaction on growth attributes, fruit yield and its
components and water use efficiency of clay loam soil cultivated banana plants var. Grand Nain banana. Also
to detect levels and rates that save water and nitrogen fertilizer, maximize WUE. The results revealed that, drip
irrigation at 80 % ETc level (deficit drip I) save 20 % water, maximize WUE and gave potential effect and high
values of growth attributes and significantly high fruit yield and its components similar to / or more than that
obtaining by drip irrigation 100 % of ETc recommended level of clay soil cultivated banana plants. 80 % sub
recommended drip fertigated nitrogen rate save 20 % nitrogen fertilizer and gave the same effects on banana
growth and productivity as drip irrigation level of 80 % ETc. The most potent concluded was 80 % ETc deficit
drip irrigation level x 80 % sub recommended drip fertigated nitrogen, which save 20 % irrigation water and
20 % N fertilizer, maximize WUE and gave potential growth attributes, high yield and its components equal
significantly to that of 100 % ETc X 100 N (recommended drip irrigation and its fertigated N levels) of clay
loam soil cultivated banana plants.
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INTRODUCTION

Banana fruit crop known as most important crop
worldwide due to its high nutritional value. Also, it was
known as a crop with high water and fertilizer requirements.

Many world contraries depend mainly on drip
irrigation and fertigation in banana farms. This case is true and
the same in Egyptian new land sandy soil. Where drip
irrigation and fertigation are followed according to the right
obvious agricultural ministry instructions. In Egypt old lands
of mostly clay heavy soil followed surface irrigation and the
classic methods of fertilization causing high losing of
irrigation water and fertilizers.

With low water and fertilizers use efficiency, recently
drip irrigation and fertigation were followed in clay soil cultivated
banana in some areas and in narrow scale with no official
recommendation. Therein, drip irrigation and its fertigation of old
clay soil cultivated banana plants used mostly in random way
with no development and right managements. This mainly
causes great water and fertilizer losses. So, drip irrigation and drip
fertigation of clay soil cultivated banana plants in old soil still be
need to develop and detecting the right accurate levels for saving
water and fertilizers with less or no losses and at the same time
obtaining high fruit yield. Many investigator study the effect of
different levels of drip irrigation and nitrogen fertigation on
banana plants and other crops cultivated in different soils
(Priyanka et al., 2015; Taia and Weel, 2015; Sanjit and Sammay,
2016; Sanjit et al., 2016 and Oliver et al., 2019), dealing with
impact of drip irrigation of fruits yield and its components of
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banana and other crops. (Navaneetha et al., 2013; Patel and
Tandel, 2013; Sanjit et al., 2016 and Senthile et al., 2017)
regarding the impact of nitrogen fertigation rates on fruit yield
and its components, (Ahmed et al., 2010; Sanjit et al., 2016;
Senthile et al., 2017) with respect to the interaction effects on fruit
yield and its components of banana and some other crops.

On the other hand, it was reviewed the impact of drip
irrigation levels on banana plants growth attributes (Pereiraetal.,
2002; Fereres and Soriano, 2007; Amer, 2011; Jeelanetal., 2017;
Ahmed et al., 2019; Sanjit and Sammay, 2016 and Oliver et al.,
2019). Sriniva (1977); Singh and Suryanaryana (1999); Srinivas
et al., (2001); Muygan (2003); Patel and Tandel (2013);
Navaneeth et al., (2013) regarding effect of N rates on banana
growth attributes. Kumar et al., (2005); Ahmed et al., (2010);
Sanjit and Sammay, (2016) and Senthile et al., (2017) with
respect to interaction effect on banana growth attributes.

The present study aimed to investigate the influence
of different drip irrigation regimes, drip fertigation nitrogen
rates and their interaction on growth attributes, fruit yield and
its components of clay soil cultivated banana plants. Drip
irrigation and nitrogen under clay soil condition for banana
cultivation still be need scientific and accurate adjustment of
their levels with no random non beneficial over applications.
Reaching and detecting accurate levels to save more water
and nitrogen and at the same time obtaining high fruit yield
using deficit drip irrigation and sub recommended rate of drip
applied nitrogen. This open, the road for achieving an initial
new potential approach of drip irrigation and drip nitrogen
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fertigation to be applied as most effective, cost effective and
safe procedure for banana production in clay soils.

MATERIALS AND METHODS

Drip irrigation levels and drip fertigated nitrogen rates:
Drip irrigation in clay soil at levels 100 % of ETc was
calculated according to equation of Penman-Monteith
formulae (2006) and used as a reference recommended level,
drip nitrogen fertigation levels at 100 % rate take from the
commonly used in all banana farms in the experiment district

Table 1. Physical and chemical properties of the soil.

as a reference recommended rate, all for clay soil cultivated
banana plants. The other studied levels were calculated as a
ratio from 100 %.

Physical and chemical properties of the soil are
illustrated in Table 1, the field capacity, the permanent wilting
point percentage, the available water and bulk density were
determined as soil content show in Table 2, while, Table 3,
shows the meteorological data in the district, during the two
seasons of the study.

Parameter Value Parameter Value
Particle size distribution (%): EC (dS/m, soil paste extract) 11
Clay % 39.3 Saturation percent 675
Silt % 315 Cations and anions in soil paste extract (mmolc/L):
Fine sand % 28.1

Coarsesand % 11 Na* 41
Texture class Clay loam K* 0.41
CaCOzs g/ kg soil 359 Ca* 3.07
Organic matter g / kg soil 17 Mg++ 2.63
Total N (%) 0.14 COs™ 0
* Available K mg / kg soil 1919 HCOs 3.85
* Available P mg / kg soil 115 Cr 37
pH (1: 2.5 wiv soil water suspension) 7.7 SO4~ 2.66

* Extracts of NH, — acetate (for K), and sodium bicarbonate (for P).
Table 2. Field capacity, wilting point, available water and

Table 4. Penman- Monteith formulae in 2017/2018 and

bulk density of soil at various depths. 2018/2019 seasons.
Field capacity Wilting point Available water Bulk Season Penman- Monteith (ET0)
Depths (FC) QNP) (A\N) density 2017/2018 2018/2019
% by (cm) by weight (cm) by weight (cm) (BD) Month Kc mm/day mm/month mm/day mm/month
weight % % glem? February 0.75 360 100.8 324 90.7
0-15 388 6.81 187 328 201 353 117 March 080 412 127.7 4.70 145.7
15-30 377 684 178 323 199 361 121 April 081 519 155.7 5.64 169.2
30-45 359 6.68 179 333 18 335 124 May 081 6.86 212.7 7.07 219.2
45-60 323 610 172 325 151 285 126 June 103 761 228.3 7.69 230.7
Total 26.43 13.09 13.34 July 118 8.66 268.5 8.00 248.0
FC: moisture at 33 kPa moisture tension. WP: moisture at 1.5 MPa  August 117 741 229.7 7.30 226.3
moisture tension. AW = FC — WP. September 093 64 193.2 6.43 1929
Soil moisture was determined grave metrically on ﬁg&:rgfber g-gg g-gg 19%769 gég igg;
oven dry basis of soil samples taken from depths of 15 cm. December 087 263 815 282 87.4
upto 60 cm. January 076 3.3 97.0 2.81 87.1
Table 3. Meteorological data in 2017/18 and 2018/19 seasons.  Seasonal (mm) 1942 1964

2017/2018
Mot Tmax _Tmin. WS RH S5 RF
February 21.3 121 27 670 82 416
March 22.6 125 35 608 85 04
April 259 14.2 35 577 93 30.6
May 30.9 184 35 508 105 147
June 337 215 34 517 118 0.0
July 35.9 24.0 34 538 120 0.0
August 349 244 32 564 119 0.0
September 329 223 33 574 110 0.0
October 28.3 19.3 33 624 102 0.0
November 23.9 15.9 29 644 91 20.5
December 21.3 14.0 32 689 86 6.3
January 18.9 11.3 39 689 81 33.6
2018/2019
February 19.7 10.0 34 636 83 12.3
March 26.1 13.7 31 533 84 2.2
April 279 15.6 33 539 95 5.6
May 321 20.0 37 525 104 34
June 338 22.3 35 505 112 0.0
July 35.1 238 36 553 124 0.0
August 344 24.3 34 582 118 0.0
September 334 234 32 577 111 0.0
October 29.6 210 33 593 103 0.0
November 25.3 175 29 621 93 22.6
December 20.2 13.3 37 669 85 236
January 18.2 8.8 40 602 82 139

Where: Tmax., Tmin.= maximum and minimum temperatures °C; WS
=wind speed (m/sec); RH= relative humidity (%); SS = actual sun shine
(hour) and RF = rainfall (mm / month). [Data were obtained from the
agrometeorological Unit at SWERI, ARC].

Experimental design and treatments:-

Split plot design with three replicates was adopted.
Irrigation treatments (main plots):

Three amounts of applied irrigation water based by
Penman- Monteith equation were tested in this experiment.
The irrigation treatments were as follow:

I1: Irrigation with amount of water equals 120 % of potential
evapotranspiration crop (ETc) (9406 and 9610 m®/fed. at
first and second seasons respectively).

I2: Irrigation with amount of water equals 100% of ETc (7838
and 8008m?3/fed. at first and second seasons respectively).

I3: Irrigation with amount of water equals 80 % of ETc (6270 and
6406 m3/fed. at first and second seasons , respectively).

Drip fertigated nitrogen (DFN) treatment (sub-plots):-

N1=100 % N (200g / plant / year.

N2=280 % N (160g / plant / year.

N3=60 % N (120g / plant / year.

- Ammonium sulphat 21 % N used as N source.

Crop-soil-water relations:

Calculation of crop coefficient and evapotranspiration:

The actual evapotranspiration (ETa) or water consumption
is a key parameter in the water balance, describing the processes
within the soil-water—atmosphere—plan environment and is an
important parameter for irrigation scheduling. The methods
available for the calculation of the ETa vary from very simple,
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more empirically based approaches to complex, more physically
based approaches. A first approach is based on the calculation of a
reference evapotranspiration (ETo) and subsequent calculation of
the crop evapotranspiration (ETc) by multiplying ETo with a crop
factor kc. For the calculation of ETo, several methods are available,
going from more simple to more complex.

Reference crop evapotranspiration (ETo):

ETo values were calculated based on local meteorological
data of the experimental site Table 3. and according to the Penman-
Monteith equation (FAQ, 1998). Calculations were performed
using the CROPWAT model (FAO, 1992).

200
n4anaalR, — G+ Tmuz(es —e_]
ETo= Aryll+ 05405
Where:

ETo: reference evapotranspiration (mm day-1),

Rn: net radiation at the crop surface (MJ m? day™),

G: soil heat flux density (MJ m? day?),

T: mean daily air temperature at 2 m height (°C),

u2:wind speed at 2 m height (m s-1),

es: saturation vapor pressure (kPa),

ea: actual vapor pressure (kP)

es-ea: vapor pressure deficit (kPa),

A: slope of the vapor pressure-temperature curve (kPa °C-1),

v: psychrometric constant (kPa °C-1).

Crop evapotranspiration (ETc)
The ETc values were calculated according to the

following equation given by FAO (1977):

ETc=ETo X Kc

Where:

ETc: crop evapotranspiration (mm day™)

ETo: reference crop evapotranspiration (mm day™)

Kc : crop coefficient

Soil water relations:

1- Amount of applied irrigation water (AIW):
The amount of applied water was measured by a flow

meter and was calculated according to the following equation

(FAO, 1985):
SpXSI X ETo X Kec X Kr X lint erval
AW = + LR
Ea
Where:

AIW=applied irrigation water depth (liters/day).
Sp=distance between plants in the same line (m).
Si= distance between lines (m).
ET,= potential evapotranspiration (mm/day) values obtained by
Penman- Monteith equation.
K. = crop coefficient.
K= reduction factor that depends on ground cover. It equals 0.7 for
mature trees (FAO, 1979).
E.= irrigation system efficiency 0.90
Where: linena = irrigation intervals (days) = 1 day for the experimental site.
LR= leaching requirements (FAO, 1977).
LR = EC w
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).
Water utilization efficiency (WUE):

Applied irrigation water is used to describe the relationship
between production and the amount of water applied. It was
determined according to the following equation (Jensen 1983):

Total fruit yield (Ton / feddan)
WUE = S
Seasonal AIW (m?® water applied/feddan)

Soil analysis:

Particle size distribution was conducted using the
pipette method and bulk density according to Klute, (1986).
Soil pH, electric conductivity (EC) and cationic and anionic

compositions of the saturation extract of the soil were determined
according to the standard methods described by Page et al.,
(1982). Soil moisture constant was determined using the
pressure membrane apparatus, considering the saturation
percent (SP) at KPa tension. Field capacity (FC) and wilting point
(WP) at 0.33 and 15 bar, respectively. Available water is the
difference between FC and WP (Stackman, 1966).
Botanical parameters:-

At mid-season, two banana plants per plot were used
to record growth attributes expressed as
- Pseudo stem height (cm).
- Pseudo stem diameter (cm).
- Number of active leaves / plant.

At harvesting, fruit yield and its components were
determined, those were as follows:
- Hand number / bunch. - Finger number / hand.

- Hand weight (kg). - Finger weight ().
- Finger length and width (cm). - Bunch length (cm).
- Bunch weight (kg) / plant. - Fruit yield (ton / feddan).

2017
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Fig. 1. Monthly applied irrigation water (m3/month) for
banana plants at different irrigation treatments
during 2017/2018 and 2018/2019 seasons.

RESULTS AND DISCUSSION
1.Vegetative growth attributes:
Effect of drip irrigation regimes:

Data presented in Table (5) show effect of drip irrigation
regimes (DI. Over drip irrigation at 120 % of ETc, D2 normal drip
irrigation at 100 % of ETc and D3 deficit drip irrigation at 80 % of
ETc) on clay soil cultivation banana crop vegetative growth
attributes (pseudo stem height, pseudo stem width and number of
active leaves / plant) in two successive seasons of 2017 and 2018).
The same data revealed that, D2 had the highest pseudo stem height
followed by DI3 and by DI1 with significant differences between
them in both seasons. While, there were insignificant differences in
pseudo stem diameter and number of active leaves / plant as
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affected by the applied three drip irrigation /regimes (DI, DI, and

Dls) in the two seasons, the unique exception was of pseudo- stem

diameter which increased significantly by DI, compared with DIy

treatment in the first season only.

Table 5. The Effect of drip-irrigation levels on (pseudo -
stem length — pseudo - stem diameter - No. of
active leave/plant) during seasons 2017-2018.

Drip Pseudo - stem Pseudo - stem  No. of active
irrigation length (cm) diameter (cm)  leaves/ plant
levels 2017 2018 2017 2018 2017 2018

120%ETc 222.77¢ 21836¢ 70.77b 73.7a
100%ETc 256.11a 265.17a 75.77a 78.45a 11.11a 115la
80%ETc 246.22b 254.18b 73ab 7537a 1155a 11.93a

The same data indicated that deficit drip irrigation 80 %
of ETc (Dls) considered as better treatment due to its significant
effect on banana growth attributes as the recommended drip
irrigation, (1D treatment 100 % of ETc), at the same time save
irrigation water by 20 % while DI, (over drip irrigation regime
120 % of ETc) save no water but losses 20 % of it compared to
the recommended drip irrigation regime DIy, 100 % of ETc and
40 % compare to deficit drip irrigation 80 % ETc which supply
its plants with no excess water, in turn provide suitable soil
condition of proper oxygen and moisture content conducive to
root growth and respiration and the whole plant growth and
reproductive performance the reverse was true for over drip
irrigation regime 120 % of ETc since it gave extra water reduced
O content of the soil space which filling with water like. This
may be impaired the root respiration and growth and the
subsequent reproductive performance. Generally, drip irrigation
used as an efficient irrigation methods to improve growth and
increase yield of different crops as well as to save water
consumption (Kumar et al., 2005; Jeelani etal., 2017 and Ahmed
et al., 2019). But it still be need more development and well
scientific non- random management for saving more irrigation
water and raising crops productivity. Present results proved that,
deficit drip irrigation regime considered a new efficient strategy
to save more irrigation water and at the same time improve crop
growth measurements (Pereira et al., 2002, Fereres and Soriano
2007; Amer 2011). It can be supply the plant accurately and
timely with water, which it need for growth and development
with no over watering or losses. Deficit drip irrigation slowed that
supply the plants with reduce amount of water which directly go
to root zone, plants uptake and utilize with all the supplied water
with no losses to give the same significant growth and yield
(Kirdaetal., 2004; Costa et al. 2007, Patane et al., 2011; Owusu-
Sekyere et al., 2012).

Among this finding, Sanjit and Sammay (2016)
investigate the effect of drip irrigation regimes at 50, 60 and 70
% of CPE compared with 100 % CPE on banana growth
attributes, they found that 60 % of CPE drip irrigation regime
gave the highest growth attributes, highest WUE and save
irrigation water by 40 %. Oliver etal., (2019) found that, among
the applied drip irrigation regimes 100, 90 and 80 % of ETc to
banana plants; 90 % of ETc (deficit drip irrigation regime) gave
similar significant effect as treatment of 100 % ETc, gave
higher growth parameters without any adverse effects or
growth reductions and saving irrigation water by 10 %.

Effect of drip fertigated N rates:

Among the nutrients N is the most essential element has
important influence on plant growth, flowering and productivity
in (Mostafa and Kumar, 2017). This is due to its participation in
the synthesis of chlorophyll, amino acids, proteins, enzymes,

1155a 12.03a

phytohormones (IAA and Cytokinins) and the nucleic acids
(DNA and RNA). Data in Table (6) showed the effect of three
fertigated nitrogen rates N (RFN 100 %), N> 80 % of the
recommended (RFN) and N3 (60 % of the RFN) on banana
growth attributes during 2017 and 2018 seasons. This data
cleared that growth attributes were increased along with
increasing rates of the fertigated N with less significant
differences between the applied N treatments in the two seasons.
N; rate had the highest significant values of number of active
leaves compared with N; and N rates with no significant
differences among them at both seasons. Similar results were
obtained by Hedge and Srinivas (1990); Srinivas, (1997); Singh
and Suryanaryana (1999); Srinivas et al., (2001); Murugan,
(2003); Gamapathy et al., (2011); Navaneetha et al., (2013); Patel
and Tandel (2013) and Sanjit and Sammay (2016).
Table 6. The effect of fertigation nitrogen levels on (pseudo
stem length — pseudo stem diameter - No. of active
leave/ plant) during seasons 2017-2018.

Fertigation Pseudo-stem  Pseudo-stem  No. of active
nitrogen length(cm) diameter (cm)  leaves/ plant
levels 2017 2018 2017 2018 2017 2018

60% N(Ns) 24355a 25221a 73.44a 76.07a 11.88a 12.32a
80% N(N2) 242.88a251.87a 74.33a 77.1a 11.22b 11.64b
100% N(N1) 238.66a 247.23a 71.7a 74.35a 11.11b 1151b

Among this findings, Navaneeth et al.,(2013) found
that, among the applied fertigated nitrogen (N) rates (50, 100,
200, 250, 300 g / plant, 200 g rate gave the highest banana
growth attributes i.e., stem length, stem diameter and number
of active leaves and the highest fruit yield and its components.

Patel and Tandel (2013) showed that the fertigated N
levels (100, 150, 250 g/ plant ), 200 g N/ plant as soil application
(broadcast), 150 g fertigated N gave the highest growth attributes
and the highest fruit yield and its components of banana plants.
Sanjit and Sammay (2016) found that provided banana plants
with 80 % of the recommended N gave the highest growth
attributes, save fertilization either via fertigation or via traditional
soil fertilization, also, it gave the highest banana fruit yield and its
components.

Effect of interaction:

Data in Table (7) showed that the interaction significantly
banana growth attributes in both seasons, where the highest
significant value of number of active leaves/ plant were affected of
120 % ETc X 60 % DFN followed by 80 % ETc X 80 % DFN,
respectively with insignificant differences between them in both
seasons. Regarding pseudo - stem width the highest value was of
100 ETc X 60 % DFN followed by 80 % ETc X 80 % DFN and
100 % ETc X 80 % DFN without significant differences between
them in both seasons. Also, data revealed that, the highest values of
pseudo - stem length were of 100 % ETc X 60 % DFN followed
by 100 % ETc X 60 % DFN without significant differences among
tem in two seasons. Also, 80 % ETc X 60 % DFN followed by 80
% ETc X 80 % DFN were considerable beneficial effect with
insignificant differences among them in the two seasons. From
these results and based on the reported importance of the number
of active leaves and pseudo - stem width of banana growth
parameters (Mahendran et al., 2013) drip irrigation at 80 % ETc X
DFN at 80% N rates was of the best effect on growth, saved 20 %
irrigation water and 20 % N fertilizer. So, could be considered
interaction treatment of 80 % ETc X 80 % DFN as the best
treatment conducive for growth of banana plants. Our results were
in agreement with those obtained by (Kumar et al., (2005); Ahmed
etal., (2010); Sanjitand Sammay (2016) and Senthile et al., (2017).

316



J. of Plant Production, Mansoura Univ., Vol. 12 (3), March, 2021

Table 7. The effect of interaction treatments (drip-irrigation / fertigation-nitrogen) levels on (pseudo stem length —
pseudo stem diameter - No. of active leave/plant) during seasons 2017-2018.

Pseudo - stem length (cm)

Pseudo - stem diameter (cm)

No. of active leaves/plant

interaction treatments 2017 2018 2017 2018 2017 2018
60%N(Ns) _ 210f 21836 T 68.66 ¢ 71434 13a 13532
1200%ETc 80%N(N) 22086ef  230.16ef  72.66ahc 758 abcd 10.66 ¢ 1113b
80% N(N)  237.66d  24733d 71 be 73.86 bed 11 be 11.43b
60%N(Ns) 2654 274262 77662 80362 11.33bc 11.73b
1000%ETc 80%N(N;)  260ab 26943 ab 75ab 77.73ab 11 be 114D
80%N(N;) 24333cd  25183cd  7466ab 7726 abc 11 be 114D
80%ETC 60% N(N3)  255.66 abc 264 abc 74 abc 76.43 abcd 11.33hc 117b
80%N(N;)  248bcd  25603bcd  75.33ab 77.76 b 12ab 1242b
80%N(N;)  235de  24253de  69.66bc 71.93 cd 11.33bc 11.7b

2.Fruit yield and its components:
Effect of drip irrigation levels:

The effect of drip irrigation levels on banana fruit yield
and its components were presented in Tables (8, 11, 14 and 17).
Table 8 showed that the effect of drip irrigation levels on bunch
length, number of hands / bunch and number of finger / hand,
such data revealed that irrigation at 100 % and 80 % of ETc gave
similar effect and approximately the same highest values of
number of hands / bunch and number the fingers / hand with
insignificant differences, while 120 % of ETc level had lowest
significant decrease in both seasons. 80 % level of ETc gave the
highest significant value of bunch length; while the lowest values
obtained from 100 % and 120 % ETc without significant
differences among them in two seasons of the study. The data in
Table (11) indicated that drip irrigation levels at 100 % and 80 %
of ETc gave the highest values of finger height and width with
insignificant differences among them in the two seasons; whereas
the lowest significantly values were of irrigation at 120 % of ETc
at both seasons.
Table 8. The effect of drip-irrigation levels on (bunch

height- No. of hands per bunch - No. of fingers
per hand) during seasons 2017-2018.

Drip Bunch No. hands per  No. fingers
irrigation height (cm) bunch per hand
levels 2017 2018 2017 2018 2017 2018

120%ETc 94.55b 9844b 9.55b 9.66b 2233b 23.11b
100%ETc 95.88b 99.28b 10.55a 10.88a 25a 25.77a
80%ETc 101.44a 104.71a 10.33a 10.66ab 24.44a 25.22a

The data presented in Table (14) revealed that drip
irrigation at 100 and 80 % of ETc gave the highest values of
hand and finger weight with insignificant differences, while
the lowest values were of 120 % of ETc with significant
differences relative to the prior two levels.

Table (17) illustrated bunch weight / plant and yield of
banana fruits (ton) / fed as affected by drip irrigation levels. The
data cleared that the highest values were of 100 % of ETc
followed by 80 % of ETc with slight significant differences and
at least 120 % of ETc drip irrigation levels with significant
differences between it and the previous two levels in the two
seasons. Under present work conditions deficit drip irrigation at
80 % of ETc level could be considered as the best irrigation
treatment, since it save irrigation water by 20 %, maximize water
use efficiency Table (20), at the same time gave higher potential
effects and values of banana fruit yield and its components
significantly and approximately similar to 100 % of ETc level,
also it affected growth attributes (Table 4) specially stem
diameter and active leaves number that positively linked with
fruit yield and its components in similar way. These results were
in accordance with those obtained by Priyanka et al., (2015); Taia
and Weel (2015); Sanjitand Sammay (2016); Sanjit et al., (2016)
and Olivere et al., (2019).

Effect of drip fertigated nitrogen rates:

Among the nutrients N is the most essential element has
important influence on plant growth, flowering and productivity
in banana (Mostafa and Kumar, 2012). This is due to its
participation in the synthesis of chlorophyll, amino acids,
proteins, enzymes, phytohormones, IAA and cytokinins and the
nucleic acids (DNA and RNA). The data presented in Tables (9,
12, 15 and 18) showed that the effect of the drip fertigated with
nitrogen rates on banana fruit yield and its components in the two
experiment seasons. Table 9 cleared that, the highest values of
number of hands / bunch and number of finger / hand were of
100 % nitrogen rate recommended and 80 % of the
recommended rate with insignificant differences among them,
while insignificantly low values were of 60 % nitrogen. The same
data showed that, the highest values of bunch length were
obtained from 80 and 60 % nitrogen without significantly
differences among them in the two seasons. The lowest
significant values were of 100 % nitrogen in the two seasons.
Table 9.The effect of fertigation nitrogen levels on (bunch

length- No. of hands per bunch - No. of fingers
per hand) during seasons 2017-2018.

Fertigation Bunch length  No. hands per No. fingers per
nitrogen (cm) bunch hand

levels 2017 2018 2017 2018 2017 2018
60% N(Ns)  102.11a 105.77a 9.33b  9.55b 22.88b 23.55b
80% N(N2) 100.88a 104.58a 10.44a 10.66a 24.33a 25.11a
100% N(N1) 88.88b 92.07b 10.66a 1la 24.55a 25.44a

The data of Table (12) revealed that the highest values of
finger length came from 80 % nitrogen followed by 100 % with
insignificant differences and the significantly lowest ones were of
60 % nitrogen in both seasons. Also, the same data indicated that,
nitrogen rate of 80 % followed by 100 % gave the highest finger
width values with insignificant differences among them; the
lowest finger width was of 60 % nitrogen in both seasons. Table
(15) showed that, the highest hand weight was of 100 % nitrogen
followed by 80 rates with insignificant differences among them
in both seasons, the lowest significant values were of 60 %
nitrogen in the two seasons.

The same data revealed that nitrogen rate of (80 %), gave
the highest finger weight followed by 100 % with insignificant
differences among them only in the first season, while the lowest
significant values were of 60 % nitrogen in the first season only.
In the second season the highest values were of 60 and 80 %
nitrogen without significantly differed, while the lowest
significantly values were of 100 %. Values of total fruit yield and
bunch weight / plant were presented in Table (18) they were
affected by different nitrogen rates obviously 80 % nitrogen was
the most superior one followed by 100 % nitrogen rate and 60 %
nitrogen rate; the differences between them were significant in
both seasons. Mostly rates of nitrogen at 80 % and 100 % were
of the best effect on banana fruit yield and its components with
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significant differences among them. The significant lowest
values were of 60% rate at both seasons. Nitrogen treatment rate
at 80 % save 20 % of the fertigated nitrogen and gave best effect
on banana fruit yield and yield components similar to or more
than (100 %) of the recommended rate. Therefore, it could be
considered as the best nitrogen rate. Similar results were obtained
from Hegde and Srinivas (1990); Srinivas, (1997); Singh and
Suryanaryana (1999); Srinivas et al., (2001); Murugan, (2003);
Canapathy et al., (2011); Navaneetha et al., (2013); Patel and
Tandel (2013) and Sanjit and Sammay (2016).

Effect of the interaction:

The presented data in Table (10) illustrated the effect
of interaction of drip irrigation levels at 80, 100 and 120 % of
ETc with the drip fertigated nitrogen rates at 60 %, 80% and
100 % on bunch length, number of hands / bunch and number
of finger / hand of clay soil cultivated banana plants in both
seasons of the present study. The same data cleared that the
interaction was significantly affected all presented banana
yield components in both seasons.

Table 10. The effect of interaction treatments (drip-irrigation / fertigation-nitrogen) levels on (bunch length - No. of
hands per bunch - No. of fingers per hand) during seasons 2017-2018.

Bunch length (cm)

No. hands per bunch

No .fingers per hand

interaction treatments 2017 2018 2017 2018 2017 2018
60% N(N3) 98.66 cd 102,63 cd 9c 98B 2166¢ 233F
120%ETc  80% N(N2) 95 de 99.03 de 9.66 ¢ 9.66B 2233 de 23 ef
80% N(N) 90 f 93.66 f 10 be 1033b 23 cde 24 de
60% N(N2) 10233 bc 10593 abc 9.66¢ 108 23.66 bede 2433 cde
100%ETc  80% N(N2) 10033 ¢ 103.96 bed 10 be 1033B 25 ac 25.66 bc
80% N(N) 859 87.96 ¢ 122 12332 26332 2733a
60%N(Ns)  10533ab 108.76 b 933¢ 9.66B 2333 bede 24 de
80%ETC  80% N(N2) 107.33a 110.76 a 11.66 ab 12a 25.66 ab 26,66 ab
80% N(N) 91.66 ef 94.6 ef 10 be 1033b 2433 abed 25 cd

Table 11. The effect of drip-irrigation levels on (finger
length—finger width) during seasons 2017-2018.

Drip irrigation Finger length (cm) Finger width (cm)
levels 2017 2018 2017 2018
120%ETc 19.44b 20.1b  364b 369b
100%ETc 2233 a 23.07a 4.10a 420a
80%ETC 21.88a 2252a 400ab  406ab

Table 12. The effect of fertigation nitrogen levels on (finger
length — finger width) during seasons 2017-2018.

Fertigation Finger length(cm) Finger width (cm)
nitrogen levels 2017 2018 2017 2018
60% N(N3) 20.22b 20.83b 3.73a 3.78a
80% N(N2) 21.77a 225la 40la 410a
100% N(Na1) 21.66a 2235a 4.00a 4.07a

It was obvious from this data that the highest values
of number of hands / bunch and number of finger / hands were
of 100 % of ETc drip irrigation X 100 % nitrogen fertigation
interaction followed by 80 % of ETc drip irrigation X 80 %
nitrogen fertigation interaction with insignificant differences
among them, while the lowest significantly values resulted
from drip irrigation at 120 % of ETc X 60 % nitrogen. All
results were in the same trend in the two seasons.

In similar the data in Table (13) revealed that, the highest
banana finger length and width were obtained from plants of
(drip irrigation at 100 % of ETc level X 100 % of fertigated
nitrogen rate) followed by (drip irrigation at 80 % of ETc X 80 %
fertigated nitrogen) interaction with insignificant differences
among them in both seasons, while the significantly lowest
values were of (drip irrigation at 120 % of ETc X 60 % nitrogen)
interaction in both seasons. The data presented in Table (16)
showed that, the highest values of finger and hand weights were
of treatments of (irrigation at 100 % of ETc level X 100 %
nitrogen) followed by (irrigation at 80 % of ETc level X 80 %
nitrogen) with no significant differences among them in both
seasons. The lowest values were of (irrigation at 120 % of ETc X
60 % nitrogen) at both seasons.

Regarding, bunch weight / plant and total fruit (ton) /
fed the data presented in Table 19 cleared that; the interaction
was significantly affected banana fruit yield and bunch weight
at the two seasons. Such data also showed that, interaction

treatment of (irrigation at 100 % of ETc level X 100 %
nitrogen) and of (irrigation at 80 % of ETc X 80 % nitrogen)
were of the highest values with insignificant differences
among them in the two seasons, while the significantly lowest
values was of (irrigation at 120 % of ETc X 60 % nitrogen) at
both seasons. Mostly the interaction treatments affected
banana fruit yield and its components in similar fashion to
their effects on growth attributes and mostly number of active
leaves and pseudo stem diameter Table (7). Similar
enhancable effect of the superior interactions could be
extended to the subsequent reproductive phase and fruit yield
case of banana plants. It was found that banana plants number
of active leaves and pseudo stem diameter are positively
linked with banana plants fruit yield and its components due
to increase in synthesis, translocation and accumulation of
photometabolites within fruits (Nyombi, 2000; Mahendran et
al., 2013; Hidoto, 2018). Also, it was known that banana
flower and the small bunch are originated, initiated and grown
from banana underground corm through pseudo stem and
inside it until emergence from its terminal parts, so, stem
diameter of banana plants considered as a good indicator
parameter for prediction of its fruit yield (Mahendran et al.,
2013; Nyombi, 2010). Moreover sub recommended levels of
the applied drip irrigation water and drip fertigated nitrogen
(N) gave banana fruit yield approximately and significantly
the same fruit yield as the obtained by the recommended rates,
saving water and nitrogen and reduced their known losses.
This lead to increasing WUE and NUE (Table 22)(Sanjit et
al., 2016 and Senthile et al., 2017) on banana plants,
increasing the efficiency of utilization of the applied water
and N in the whole physiological and metabolically processes
which reflected on plant growth and yield (Sanjit et al., 2016
and Senthile et al., 2017 on banana plants).

At least, the presented data in Tables (7, 10,13, 16 and
19) proved that interaction treatment of 80 % ETc X 80 %
DFN from the recommended rates (100 %) was the best
treatment which gave the highest banana fruit yield and its
components, saved irrigation water by 20 % and nitrogen
fertilization by 20 % and maximize WUE Table (22).
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Table 13. The effect of interaction treatments (drip-irrigation
| fertigation-nitrogen) levels on (finger length—
finger width) during seasons 2017-2018.

Finger length (cm) Finger width (cm)
2017 2018 2017 2018
1833e 1893 355b 3.60c

20.33cde 21.03cd 3.65ab 3.71bc

19.66de  20.33de 3.71ab 3.75bc
21.33bcd 22.03bcd 3.88ab  3.93abc
22abc 22.76abc 4.13ab 4.29ab
23.66a 2443a 429a 439a
21bcd  21.53cd 3.76ab 3.8labc
80% N(N2)  23ab 23.73ab 4.26a 43lab
80% N(N1) 21.66abcd 22.3bc  497ab  4.07 abc
Table 14. The effect of drip-irrigation levels on (hand weight -
finger weight) during seasons 2017-2018.
Drip irrigation Hand weight (kg) Finger weight (g)

interaction treatments

60% N(N3)
80% N(N2)
80% N(N:)
60% N(N3)
80% N(N2)
80% N(N:)
60% N(N3)

120%ETc

100%ETc

80%ETc

levels 2017 2018 2017 2018

120%ETc 2.04b 2.15b 8335b  82.23b
100%ETc 2.4a 25a 97.55a  98.48a
80%ETc 2.33a 2.43a 97.2a 97.67a

Table 15. The effect of fertigation nitrogen levels on (hand

banana plants at 80 % of ETc level significantly was maximized
WUE, Saved 20 % of irrigation water and at the same time gave
an noticeable effect on growth attributes, fruit yield and its
components (previous tables of the present work). Harby, (2014)
found that normal drip irrigation of clay soil cultivated banana
lose 10 % or more of the applied water via evaporation.
Meanwhile, it was reported that deficit drip irrigation and
fertigation provide judicious amount of water and nutrients
directly to root rizosphere, thereby enhance WUE and NUE of
plants by allowing timely and reduced fertilization in root zone
matching only with the plants need. Thus, the plants consumed
and efficiently utilized with all the applied water and fertilizer in
its growth and production and reduce deep percolation losses
(Sanjit et al, 2016 and Senthile et al., 2017 on
banana).Stimulating physiological and metabolical processes
which reflected on plant growth and yield (Sanjit etal., 2016 and
Senthile et al., 2017 on banana).
Table 19. The effect of interaction treatments (drip-irrigation
/ fertigation-nitrogen) levels on (bunch weight /
plant- yield (ton/fed.)) during seasons 2017-2018.

] . ) - Bunch weight / plant Yield
weight — finger weight) during seasons 2017-2018.  interaction treatments (kg) (tonffed.)

Fertigation Hand weight (kg) Finger weight (g) 2017 2018 2017 2018

nitrogen levels 2017 2018 2017 2018 60% N(Na3) 16.7f 17.03h  134f 13.6h

60% N(N3) 2.16b 2.25b 88.56b  95.57a 120%ETc 80% N(N2) 18.73e 18.86 49 15e 15.1g

80% N(N2) 2.28a 24a 9497a 4.889a 80% N(Nz) 204d 2076 f 163d 16.6f

100% N(N1) 2.32a 2.43a 94.56a  87.93b 60% N(Ns)  21.63¢c 2243d  173c 17.93d

0, 0,

Table 16. The effect of interaction treatments (drip-irrigation 100%ETe 2802 Ngmg 2256953 ;’ 2257'.6;’ ab 22192ba %(1)'.3 2
| fertigation-nitrogen) levels on (hand weight - s0%ETe 0% N.(Nz2)  20.63d 7133e  165d 17.06€
finger weight) during seasons 2017-2018. 0 80% N(N2) 26.13a  27.13a 209a 21.7a

interaction treatments and weight (kg) Finger weight (g) 80%N(N:) 2476b  25c  198b 20c

2017 2018 2017 2018 Table 20. The effect of drip-irrigation levels on (WUE)
60%N(N3) 2d ~ 206d 8L16f  79.29 during seasons 2017-2018.

120%ETc ~ 809%N(N2) 2.06cd 22cd 8386  82.6f — WUE(kg/17)

80% N(N:) 2.06cd 2.2cd 85.03e  84.9 Drip irrigation levels 17 2018
100%ETc  80%N(Nz) 23b  24b  100a  100.06bC  76006ETe 2 07b 2 12b
60% N(Ns) 22bc 24bs  93.2c 92d — -

80%ETC 80%N(N2) 25a  26a 101.06a 102ab At least, the presented data in Tables (10,13, 16 and 19)

80%N(Ny) 23b 23bc  97.33b  99.03c proved that the interaction treatment of 80 % ETc , DI X 80 %

Table 17. The effect of drip-irrigation levels on (bunch weight
/ plant - yield (ton/fed.)) during seasons 2017-2018.
Dripirrigation ~ Bunch weight/ plant (kg) Yield (ton/fed.)

levels 2017 2018 2017 2018

120%ETc 18.61¢c 18.88 ¢ 149c 151¢c
100%ETc 2438a 25.15a 19.5a 20.11a
80%ETc 23.84b 2448b  19.06b 9.581Db

Table 18. The effect of fertigation nitrogen levels on
(bunch weight / plant - yield (ton/fed.)) during
seasons 2017-2018.

Fertigation Bunch weight / plant (kg)  Yield (ton/fed.)
nitrogen levels 2017 2018 2017 2018
60% N(Ns) 18.61c 18.88 ¢ 149c¢ 15.1¢c
80% N(N2) 2438a 25.15a 195a 20.11a
100% N(Na1) 23.84b 2448b  19.06b 9.581b

3. Water use efficiency (WUE):
Effect of drip irrigation levels:

The data presented in Table (20) showed the effect of
drip irrigation levels on water use efficiency of clay soil cultivated
banana plants during the two experiment seasons. It was obvious
from this data irrigation that at 80 % of ETc maximize WUE
followed by at 100 of ETc and at least 120 % of ETc levels with
significant differences between them in the two seasons. The data
proved also that, deficit drip irrigation of clay soil cultivated
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DFN from the recommended rates (100 % ) was the best
treatment which gave the highest banana fruit yield and its
components saved irrigation water by 20 % and nitrogen
fertilization by 20 % as well as maximize plant WUE. Similar
results and interpretation confirmed by the obtainable results of
Ahmed et al., (2010); Sanjit and Sammay (2016); Sanjit et al.,
(2016) and Senthile et al., (2017).

Effect of drip fertigated nitrogen rates:

The data presented in Table (21) cleared that; nitrogen
rate of 100 % gave the highest water use efficiency value
followed by 80 % rate and at least 60 % with significant
differences between them in first season. While in the second one
rates of 100% and 80 %, respectively, gave the highest WUE,
they significantly not differed, 60 % N rate gave significantly the
lowest value. Accordingly, due to the present effect of drip
fertigated rates of N (100 % and 80 %) and due to their previous
potential effect on growth attributes, fruit yield and vyield
components (previous data of this work). Therefore it could be
considered that, 80% N rate was the best applied N rate; it also
save 20 % of the applied N to clay soil cultivated and drip
fertigated banana plants. Similar results were of Hedge and
Srinivas (1991); Sanjit et al., (2016) and Senthile et al., (2017).
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Table 21. The effect of fertigation nitrogen levels on
(WUE) during seasons 2017-2018.

Fertigation WUE kg/m®

nitrogen levels 2017 2018
60% N(N3) 1.96c 2.01b
80% N(N2) 2.35b 2.3%
100% N(N21) 2.37a 2.40a

Effect of the interaction:

It was obvious from the data of Table (22) that the
interaction treatments were significantly affected banana
plants water use efficiency (WUE) during the two seasons.
Absolutely the highest significant values were of ( drip
irrigation 80 % of ETc X 80 % N rate) treatment and the
significantly lowest values were of 120 % of ETc X 60 % N
levels) treatment at both seasons. The mentioned superiors of
the interaction treatments effects, could be expected under the
present work conditions, since the same interactions gave
similar effect on banana plants growth attributes Table (11)
and fruit yield (T/F), Table (19). The different treatments and
values were agreed by findings of Fayrouz, (2020).

Table 22. The effect of interaction treatments (drip-
irrigation / fertigation-nitrogen) levels on
(WUE) during seasons 2017-2018.

3
interaction treatments 5017 WUE kg éng
60% N(Na3) 1.42i 1.43i
120%ETc 80% N(N2) 1.5%h 1.5%
80% N(N1) 1.73g 1.759
60% N(N3) 1.84f 1.89f
100%ETc 80% N(N-2) 2.13e 2.16e
80% N(N1) 2.25d 231d
60% N(N3) 2.63C 2.70c
80%ETc 80% N(N-2) 333a 343a
80% N(N1) 3.15b 3.16b

Moreover, sub recommended levels of the applied drip
irrigation water and drip fertigated nitrogen (80 % of ETc X 80
% N) gave significant effect of banana fruit yield like as the
obtained by the recommended rates, saving water and nitrogen
and reducing their known losses. This lead to increasing WUE,
increasing the efficiency of utilization of the applied water and
nitrogen. Under present work conditions it could be considered
that deficit drip irrigation at 80 % of ETc with drip fertigated N at
80 % sub recommended rate as the potential best application new
approach to maximize WUE, save 20 % irrigation water and 20
% of drip fertigated nitrogen (N) fertilizer and at the same time
gave vigorous plants with approximately and significantly the
same fruit yield as obtaining by the recommended levels. The
results were in conformity with those obtained by Patal and
Rajput (2004); Rainna et al., (2011); Sanjit et al., (2016) and
Senthile et al., (2017).

Generally, the obtained results of using deficit drip
irrigation and sub recommended drip N fertigation rates under
clay soil, limited water resources and scarcity conditions must
be assessed on other fruit crops and in other areas to be used
on large scale as a new approach to maximize water use
efficiency (WUE), save water and fertilizers and obtain
potential fruit yield with no considerable reduction.

REFEREENCES
Ahmed, B. A.; Mohamed, A. A. and Ihsan, M. 1. (2010). Effect
of drip irrigation system and fertigation on growth, yield
and quality of banana cv. Ground main (Musa spp.).
Beinnial Regional Conference, Entebbe, Uganda P.P.
609 —613.

Chaves M. M., J. S. Pereira, J. Maroco, M. L. Rodrigues, C. P.
Ricardo, M. L. Osorio, I. Carvalho, T. Faria and C.
Pinheiro, (2002). How Plant Cope With Water Stress in
the Field? Photosynthesis and Growth Annals of Botany,
89: 907-916.

Costa, J. M.; Ortuno, M. F. and Chaves, M. M. (2007). Deficit
irrigation as a strategy to save water: Physiol. and Potential
App. to Hort. J. integr. Plant Biol., 49: 1421 —1434.

Duncan, D. B. (1955). Multiple Ranges and Multiple F. Test,
Biometrics, 11, 1-24.

El-Marsafawy S. M., A. Swelamand A. Ghanem (2018). Evaluation
of crop water productivity in the Nile Delta over Three
Decades (1985- 2015). Water 2018, 10, 1168: 1-12.

FAO, (1977). Guidelines for predicting crop water requirements.
In Irrigation and Drainage Paper, 24. By Doorenbos, J.,
and Pruitt, W. O.Eds.; Food and Agricultural
Organization: Rome, Italy.

FAQ, (1979). Yield response to water, Irrigation and Drainage
Paper, 33. By Doorenbos, J., and Kassam, A. H., Rome.

FAO, (1985). Water quality for agriculture. In FAO Irrigation

and Drainage Paper, 29. Food and Agricultural

Organization: Rome, Italy.

(1998). Crop evapotranspiration: Guidelines for

computing crop water requirements. In FAO lrrigation

and Drainage Paper, 56. By Richard, A.Luis, P.Dirk,R.
and Martin, S.Eds. ; Food and Agricultural Organization:

Rome, Italy.

Fayrouze, A. Ahmed, (2020). An economic study of banana
production and export in Egypt through its water
footprint and competitiveness (in arabic). Alex. J.Acad.
Exc. Vol 41: 367-384.

Feres E. and M. A.Soriano (2006). Deficit irrigation for reducing
agricultural water use. J. Exper. Botany Advance, 6: 1-3.

Ganapathy K., M. Kavino and V. Ponnuswami (2011). Influence
of different nitrogen sources and levels on yield and
quality of banana (Musa spp). Archives of Agronomy
and soil Sci., 57 :305-315.

Harby M. (2014). Effective moisture conservation method of
heavy soil under drip irrigation. Agric. Eng. Int: CLGR
Journal, Open access at http:/mw.cigrjournal. Org., 16
), 1-9.

Hedge D. M. and Srinivas, K. (1990). Growth, productivity and
water use of banana under drip and basin irrigation in
relation to evaporation replenishment. Indian J. Agron.,
35(1-2):106-112.

Hedge D. M. and Srinivas, K. (1991). Growth, yield, nutrient
uptake and water use of banana crops under drip and
basin irrigation with N and K fertilization. Tropical
Agric., 68: 331 - 334.

Hidoto L. (2018). Growth and fruit yield response of banana o
sucker management. J. Natural Sci. Res., 8: 6-9.

Jeelani J.; Shafig F. and Aushtaq A. (2017). Effect of varying drip
irrigation levels and methods of NPK fertilizer
application on soil water dynamics, water use efficiency
and productivity of various crops. A review, Int. J. Pure
Bio. Sci., 5 (3): 764 —773.

Jensen, M.E. (1983). Design and Operation of Farm Irrigation
System; American Society Agricultural Engineering: St.
Joseph, MO, USA.

Kirda C.; Cetin M.; Dasgdn Y.; Topcu S.; Kaman H.; Ekici B.;
Berici M.B. and Ozguven A.(2004). Yield response of
greenhouse grown tomato to partial root drying and
conventional deficit irrigation. Agric. Water Manage, 69
(3),191-201.

FAO,

320


http://www.cigrjournal/

J. of Plant Production, Mansoura Univ., Vol. 12 (3), March, 2021

Klute, A., (1986). Methods of Soil Analysis: Part I; Physical and
Mineralogical Methods. (2 Ed), Am. Soc. Agron.
Monograph, No. 9, Madison, Wisconsin. USA.

Kumar S.; Sharma I. P. and Raina J. N. (2005). Effect of levels
and application methods of irrigation and mulch
materials on strawberry production in North West
Himalayas. J. Indian Soci. Soil Sci., 53 (1): 60— 65.

Mahendran, P.Yuvaraj, M. Parameswari, C. A. Gurusamyand S.
Krishnasamy, (2013). Enhancing growth, yield and
quality of banana through subsurface drip fertigation.
International J. Chemical Environmental and Biological
Sci., 1(2):391-394.

Mostafa, M.M. and Kumar, V. (2012). Banana production and
productivity enhancement through spatial water and
nutrient mangment. J.Hort. Sci., 7 (1): 1-28

Murgan, V. (2003). Influence of fertigation on growth and
productivity of banana cv. Ney Poovan (Musa spp)
under different planting densities. M. SC. Thesis. Tamil
Nadu Agricultural University, Coimbatore.

Navaneetha; Krishman K. S.; Qill M. 1. S. and Kumar S. (2013).
Effect of different levels f N and P on batoon banana,
(Musa Spp.). J. Hort. & Foresty, 5 (6): 81 —91.

Nyombi, K. (2010). Understanding growth of east Africa
highland banana. Experiment and stimulation.
Wageningen Univ. Netherlands.

Olivier N.; Japheth O.; Romulus O. and Johnson K. (2019).
Vegetative growth of banana as influenced by deficit
irrigation and irrigation interval. Fundamental and
applied Agric., 3 (4): 1047 — 1053.

Owusu-Sekyere J. D.; Sam-Amoah L.K.; Teye E. and Osei B. P.
(2012). Crop coefficient (KC) water requirement and the
effect of deficit irrigation on tomato in the coastal
savannah zone of Ghana Int. J. Sci. Nature, 3 (1), 83—87.

Pag, A.L., R.H.Miller and D.R.Keeny, (1982). Methods of Soil
Analysis, Part 1l. Chemical and Microbiology
Prosperities. (2™ Ed), Am. Soc. Agron. Monograph No.
9, Madison, Wisconsin, USA.

Patane, C.; Tringali S.; Sortino O. (2011). Effect of deficit irrigation
0 biomass, yield, water productivity and fruit quality of
processing tomato under semi- arid Mediterranean climate
conditions, Scientia Hort., 129: 590 - 596.

Patel C. B. and Tandel Y. N. (2013). Nitrogen management in
banana (Musa paradistica L.) cv. Basrai through drip
under paired row system. Globel J. Sci., Frontier Res.
Agro& Veter. Vol. 13.

Patel N. and T.B.S. Rajput (2004). Fertigation —a technique for
efficient use of granular fertilizer through drip irrigation.
El Journal 85: 50-54.

Penman-Monteith (2006). Simplified versions for the Penman
evaporation equation using routine weather data. Journal
of Hydrology Vol.331, Issues 3-4, 15 Dec. pp., 690- 702.

Priyanka S.; Maeskh S. S. Lakhawat and Bhakar S. R. (2015).
Effect of deficit irrigation on growth and yield of tomato
under drip irrigation in shade net house. J. Agric.
Engineering, 52 (3): 42—47.

Sanjit P.; Sonamunil L.; Ray R. and Patra S. K. (2016). Effect of
drip irrigation on yield, water use efficiency and nutrients
availability in banana in West Bengal, India
Communications In Soil Sci. & Plant Analysis,47 (13—
14): 1691 - 1700.

Sanjit, P. and Sammay, K. P. (2016). Growth, yield, quality and
irrigation water use efficiency of banana under drip
irrigation and fertigation in the gangetic plain of West
Bengah. World J. Agric. Sci., 12 (3):220 — 228.

Senthile Kumar M.; S. Ganesh; K. Srinivas; P. Pannerselvam; A.
Nagara; B. B. Kasiriath (2017). Fertigation for effective
nutrition and higher productivity in banana. A review.
Int. J. Current Microbiology and Applied Sci., 6: 2104 —
2122,

Singh D. B. and Suryanaryana M. A. (1999). Response of
Cavendish banana to different nitrogen levels and their
split applications. J. Applied Hort,, (1): 122 —124.

Srinivas, K. (1997). Growth, yield and quality of banana in
relation to N fertigation. J. Tropical Agric., Trinidad and
Tobago, (74) : 260 — 264.

Srinivas, K.; Reddy, B. M. C.; Kumar, S. S. C.; Gowda, S.T.;
Raghupati, H. B. and Padama, P. (2001). Growth, yield
and nutrient uptake of robust banana in relation to N & K
fertigation Indian J. Hort., 58 (4) : 287 —293.

Stackman, W.P., (1996). Determination of pore size by the air
bubbling pressure method proceeding unesce symp on
water in the unsaturated zone 366-372.

Taia A. and Wael M. (2015). Effect of deficit irrigation and
growing seasons on plant status, fruit yield and water use
efficiency of squash under saline soil. Scientia Hort.,
186: 89— 100.

Joal) il salaBy) U Ly oua gal) (3 JB1 il gasa alaidie A (e A g i) daandl) g il (o 1)y ol

A galall ) 2 0

2P addall 2 Gusad gilgdl a5 Tala dd) 238 il
pa =83l — e )3l Eigaall S pa — (a9 agaa — Al i) AgSIAY audd !
saa— bl — e 3l Eigaall 38 ja— Aill g Blaall g ol ) Cgan dgaa - Al (5 5l g Apilal) Ciliihal) anid 2
100 ) dassls sl (pe dilise il givea 5 A0 )8 2018 52017 (oami 3o (o dapalall diall Luim S5 aaiall 5 duleBall Alidlne 51 30 Akt (il (i a3 38

Cen 35 % 100 ) il () o (s s i) dponll ¥ 5 (g2 oo sal) (10 el s By Siud ETC % 100 5% 80 542 (oo 5l (5 ssall ETC (sl i) (10 %
53l Sl (WUE ) sl ool 86l 5 4 Sy el J pemnn (5 el sl i Lo Lagis Jelill s (43 om 5l 0 B s 55essS % 60 5 %6 80 3 42 o3
e Al 5 ya (g i s o B 5l (B g bl alasins BoliS il s A ) B3an) 5 (5 0 8an (B sl s ) o Al IS5 6 ) e ) 3
% 80 ) asills 5l (5 sion alaind (53 -1: b LS il al iS5 Mg (o sel idmall 5 il gisall i) e Ji5Y 5 Apalall dshall ol YL g 5y al) ) sall Al
ygimada 4l Sas Julll J gemna s (5 el sal) By 5 8 5 (i g olaall i) 36U pliants (5 M) e (50 % 20 i 55 1 43 (o el (30 B (5l il e
(% 80 ) 42 oo sal) o B (5 sinna Com 5 il i) (o) Agdine 48y sl -2 e il 3 all il (5 Al i) (g % 100 42 (oo sl (5 snall Ly 54, s 5 At
il el (5 a5 s Ly gine Al B S5 sall il il Sy S Jgnmna el 5 (5 gt sall S Jmdl el 5 g iall el (30 % 20 L5
Ll ) ETC % 80 ) Jelill dldae 4y jaill Gy jla (ol Lalaiindy ooy (il 5 80 4606 iy sinadly s Blaall Jomdl S 3 (Gm 28 % 100 ) 42 oo 5l
el o 36lS Cuadie 5 5 Shans %9 20 55 obe % 20 s s (42 a5l o B % 80 (5 s il (5l en 5 il dpanil) gn s o sl (5 sisall (g0 B
% 100 ) dpalall Akl oaal Y1 3 Lol ) gall dpaniis (55 (4 oo sl (5 sinnall Adiia s 4l Sy et Jpmmna e s sai Juiadl 4y gina Ay g 5l i b cibac
sl (30 % 80 5 siasas Sian 5 s Jansi aa (ETC % 80 ) Ll (5 5 sinsn a2 Al ) o 55 Ay sl (i 6 03 (093 (0 525 % 100X s ETC

el dpdall paal SV 53 3al) 5 5all (538l J gomnn e 5 s Jumif e Jgmall g sladl aloiind 3616S ailan g iom 5 Sisl) ansily slaall sl 4,

321



