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ABSTRACT

Field experiments were carried out in the environmental conditions of
Dakahleya governorate. The effect of irrigation levels (100%, 85% and 70% of
ETcrop), fertilization methods (traditional and fertigation} and drip irrigation systems
(surface and subsurface) on tomato were investigated in this study.

The main alms of this study are:

- Study the effect of irrigation system and amount of irrigation water on total yield.

- Effect of using fertigation system.

- Effect of studying factor on emitter clogging.

The results show that:

- Irrigation level has strong effect on yield.

- The highest yield {5411 kg/fed) obtained with treatment L:F.D; (irrigation with
100% ETcrop with fertigation method under using subsurface drip irrigation
system).

- Maximum water use efficiency (4.96 kg/m®) obtained with treatment LsF:D;
{irrigation with 70% ETcrop with fertigation method under using subsurface drip
irrigation system).

INTRODUCTION

Tomate is important and popular crop in the werld and also in Egypt.
The cultivated area of tomato reached about §37208.0 fed. during 2007,
which produced about 8639024 metric tons’ of yield according to Agric.
Statistics (2008).

Using the suitable amount of irrigation water, effective fertilization
method and good irrigation system help to produce high yield and good
quality.

: Singh and Kaira (1983) reported that, increasing P>0s up to 60 kg/ha
improved seed yield and improve most of peanut characters.

Hamada et al. (1988) Geweifel and Ali (1980), Jain et al. (1990)
found that, phosphorus increased number of pods/plant and also total yield.

Mahmoud (1996) indicated that increasing NaCl concentration to
3000 ppm in the irrigation water, resulted in increasing both total soluble
solids and acidity in tomato fruits,

Arnaout (1999) studied effect of fertigation method through different
imgation systems on beans and reported that fertilizer can be successfully
applied through imigation svctems (surface drip, subsurface drip- and
sprinkier) because it has low cost, high efficiency, and high productivity,

El-Gindy (1988) reported that, fertigation of N fertilizer increase yield
of tomato by about 16.1%, 23.8% and 35.1% under furrow, sprinkler and drip
irigation methods respectively, in compare to traditional methods of fertilizer
application.
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Rubino and Tarantino (1988) reported that, irrigation with amount
equals to 100% of calculated evapotranspiration produce the highest yield of )
tomato.

The basic irrigation is to supply plants with water as needed to obtain
optimum yield and quantity of a desired plant constituent (Haise and Hagan,
1967).

Efficient irrigation implies complete control of the available soil
moisture reservoir, Such control requires knowledge of the sqil water content
at ali times (Berry et al., 2003).

Imigation with 75% of pan evaporation on sandy loam, sandy clay
and ciay soils resulted in a high depletion of soil water to a depth of 1600 mm
under drip irrigation with weekly interval (Fisher, 1989).

Gomma et al. (2000) reported that water use efficiency’ (WUE)
decreased by increasing the frequent intervals of irrigation for tomato and
cucumber. The highest values of WUE were 5.87 and 6.65 kglm (for tomato
and cucumber resp.).

The main objects of this work were to study the effect of irrigation
water levels, fertilization methods and imigation systems on soll moisture
distribution, vegetative growth, total yield, fruit quahty and water use
efficiency.

MATERIALS AND METHODS

1. Experimental site:

Field experiments were conducted at the college new established
farm in Kalabsho Zyan area — Dakahleya governorate. The field experiments
were done during winter season of 2008/2009.

Sail texture is 'sandy in the top layer {90 cm). Soil physical properties
and the soil classification (according to Soil and Water Analysis Lab. Fac. of
Agric. Mansoura Univ.) are shown in table (1),

Table {1): Soil physical properties and classification.

Depth cm Mechanical analysis % Soil classification |[pH 1/2.5! F.C.% |W.P. %
Clay Silt Sand
0-30 2.30 8.10 89.60 Sandy 8.45 9.20 4.40
[30 — 60 2.20 8.05 89.75 Sandy 8.46 9.20 4,50
0-90 2.20 8.00 89.80 Sandy 8.50 9.25 4,40

2. irrigation water levels (L):

Three irrigation water levels were investigated in this study. it were
100%, 85% and 70% of ETcrop. ETcrop (crop evapotranspiration) was
calculated according to Doorenbos and Pruitt (1977) as follow:

ETo =Kp . Epan

Where

ETo: Reference evapotranspiration (mm/day}.

Kp: Pan coefficient (equals to 0.7).

Epan: Pan evaporation (mm/day).

T
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3. Fertilization methods {F):

Two ferlilization methods were tested. The first was traditional
method and the second was fertigation method, which use irrigation water as
a carrier of fertilizers through irrigation network.

4. frrigation systems (D):

Two irrigation systems were tested in this study (surface and
subsurface drip irrigation systems). Subsurface irrigation lines were at 15 cm
depth under soil surface.

5. Fertilizers program:

+ Traditional method:

The following amount of fertilizers were addedffed:

- 80 kg nitrogen, about 40 kg P,0s and about 100 kg potassium suifate K,0.

- Fertilizers were added in three doses 50%, 25% and 25% (from NPK). The
1* dose (50%) was added 20 days after transplanting, the 2™ and the 3"
(25% 25%) were added 45 and 65 days after transplanting. Also about 20

m*/fed manure was applied before planting to the surface Iayer of soil.

» Fertigation method:

The same amount of ferfilizer units (NPK) were added 20 days after

transplanting in 15 doses through irrigation system.

6. Experimental design:

Drip irrigation systems (surface and subsurface) inclodued {every
one} three levels of applied irrigation water and two fertilization methods. Fig
(1) shows the experimental layout and irrigation network. The experimentai
basic unit area Included four ridges, each of them has 0 70 m width and
about 30.00 m length (every unit area about 84.00 m? = 1/50 fed). The
distance between emitters was 0.50 m.

7. Treatments;

Experimental study included: 't

- Three irrigation water levels (L); 100% of ETcrop (L4), 85% of ETcrop {L2)

and 70% of ETcrop (La).

- Two fertilization methods (F): traditional (F,) and fertigation method {F2).

- Two irrigation systems (D): surface drip (D4) and subsurface drip irrigation

system (Da).

Thus there were 12 treatments in four replicates (4 rows) as follow:

1. L,FDy: 100% of ETcrop + traditional fertifization + surface drip irrig.

2. LDy 100% of ETcrop + traditional fertilization + subsurface drip irrig.

3. LyF:Dy: 100% of ETcrop + fertigation + surface drip irrig.

4. L,F:Dy: 100% of ETcrop + fertigation + subsurface drip irrig.

5. L;FDy: 85% of ETcrop + traditional fertilization + surface drip irrig.

8. L,FDj: 85% of ETcrop + traditional fertilization + subsurface drip |mg

7. LsF;D: 85% of ETcrop + fertigation + surface drip irrig.

8. LiF.D.: 85% of ETcrop + fertigation + subsurface drip irrig.

LiF4D¢: 70% of ETcrap + traditional fertilization + surface drip irrig.

10 LsF D2 70% of ETcrop + traditional fertilization + subsurface drip irrig.

‘o .

.11, L3F;D4: 70% of ETcrop + fertigation + surface drip irrig.

12. L3F,D2: 70% of ETcrop + fertigation + subsurface drip irrig.
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Fig (1): The experimental layout and irrigation network.
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8. Data recorded:
1- Crop evapotranspiration (ETcrop).
2- Seasonal irrigation water (SIW).
3- Soil moisture distribution:

Soil moisture distribution in roct zone was tested for each treatment.
Soil samples were collected from the different depth (0, 15, 30, 45 and 60
cm) in 5 points across plants rows (0 em *plant”, 15 and 30 ¢m distance in the
two sides of plant). Soil samples were collected directly before irrigation
during mid-season stage. Moisture content was measured using gravimetric
method (Michael, 1978).
4- Vegetative growth;

Four plants from each treatment were randomly taken at 65 days
after fransplanting and the following data were determined;
-" Plant height.
- Dry weight of plant.
- Leaf area/plant which was caiculated as a relation between area unit and

dry weight of leaves according to Koller (1972) using the following formula:

ta=  DW-L  (No ofdisks) . (disk area)
DW-D

Where:

DW-L and DW-D, refer to dry weight of plant leaves and disks resp.
5-  Fruit quality:

Five ripe fruits were taken randomly to determine total soluble solids
(TSS%) using Karl Zeiss hand refreactometer, moisture content %, vitamin C
(ascorbic acid) and acidity according to A.O.A.G. (1970).

6- Mineral contents:

After 65 days from transplanting, the leaves of five plants in each
treatment were taken and dried at 70°C for 48 hours. From the dry materials
minerals were determined:

- Nitrogen was estimated according to Pregle (1945).
- Phosphorus was determined colorimeterically according to Jakson

(1967).

- Potassium was determined using flam photometer according to Black

{1965).

7- Total yield:

Total yield was collected during all harvesting time for each
treatment. '
8- Emitters clogging:

After harvesting time in the end of season lateral lines were collected
and tested using water flow (one bar operating pressure) to know and
calculate mean ratio of clogging emittersfline.

9- Water use efficiency (WUE): S
It was determined using the following equation:
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WUE =

average yield (kg/fed)

10- Statistical analysis:

Statistical analysis was carried out using “Three Factor Randomized
Complete Block Design”.

total applied irrigation water (m’/fed)kg/m’

RESULTS AND DISCUSSION

1. Crop evapotranspiration (ETcrop):
Reference evapotranspiration “ETo" and crop evapotranspiration
“ETcrop” are presented in table (2).

Table {2): Crop evapotranspiration (ETcrop) during growth season.

ETo ETcrop
Manth mm/day Ke mm/day mm/month | m*/month
QOctober 3.5 0.61 2.13 64.05 269.01
November 25 0.90 2.34 70.20 294 .84
December 2.1 1.10 2.31 69.30 291.06
January 2.0 2.54 5.08 152.40 640.08
355.95 1494.99
Total ETcrop/season mmiday m3ffed

2. Seasonal irrigation water (SIW):

Fig (2) shows the calculated SIW during growth season. Values of
SIW were 1494.99, 1270.74 and 1046.49 m’ffed for 100% ETecrop, 85%
ETcrop and 70% ETcrop resp.

85% ETcrop 70% ETcrop
Irrigation levels

100% ETcrop

Fig (2): Seasonal irrigation water {SIW) for the different irrigation levels.
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3. Soil moisture distribution:

Data in Fig (3) show the soil moisture distribution for the different
treatments. Soil moisture content were classified to three range as follows:
- More than 50% of F.C.

- Between 50% of F.C. and W.P.
- Less than W.P.

Data indicated that, the highest wetted area (more than 50% of F.C.)
presented with all treatments. The highest wetted areas (more than 50% of
F.C.) increased by increasing level of irrigation water, also it were larger
under subsurface drip irrigation compared with surface drip irfigation system.

On the other hand the lowest wetted areas which represented less
than 50% of F.C. were larger under surface irrigation and low irrigation water
level.

It can be concluded that, the irrigation water level and irrigation
system have strong effect in soil moisture distribution.

4, Vagetative growth:
Average plant height (cm):

The average plant height varied between 31.1 and 40.8 cm. The
maximum height was obtained with treatment 4 {L,F.D,) which irrigate with
100%. of ETc using ferligation method under subsurface drip irrigation
method. While the minimum value of plant height was obtained with treatment
9 (L,yF,D4) which irrigate with 70% of ETc using traditional fertilization method
under surface drip irrigation system. Table (3} shows values of plant height
for the different treatments. From this data, it can be said that using high
amount of irrigation water and fertigation method help plants to give high
length and high vegetative growth.

Average dry weight {g/plant):

Values of average dry weight for plénts are presented in table (3).
Data indicated that maximum value (23.1 gr/plant) obtained with treatment
L.F2D, “100% irrigation level + fertigation method + subsurface drip irrigation
system”. While minimum value (16.2 gr/plant) was obtained with treatment
LsF1Dy *70% irrigation level + traditional fertilization method + surface drip
irrigation system”. It means that, average dry weight/plant has the same trend
such as plant height for the different treatments.

Average leaf area (cm?/plant):

. Data in table (3) indicated that, the highest value of leaf area (405.3
cm Iplant) obtained with treatment L;F;D; (100% of ETcrop, fertigation
method and subsurface drip irrigation system). This means that leaf area
increased by increasing irrigation water, and using fertigation method with
5ubsurface drip irrigation system. Meanwhile, minimum leaf area (209.8
cm Iplant) was obtained with treatment LsF1Dy (70% of FTcrop, traditional
fertilization and surface drip irrigation system.

: Generally, it can be said that, when the plant received much water
and good fertilizers distribution in soil, the plant was encouraged towards the
" vegetative growth which increased the leaf area.
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Fig (3): Soll moisture distribution for the different treatments.
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Table (3): Vegetative growth for different treatments.

Vegetative Growth
Troatment Plant height (cm) _| Dry weight [g/plant) | Leaf area (cm/plant
T LFo 37.1 207 380.5
2 LFD: 38.5 209 2824
3 L,F.D: 40.2 225 391.1
4 ILFD, 408 231 4053
5 [LFD, 352 227 370.4
1 2F 1D, 36.1 2.8 3725
I 34.7 21.9 349.0
L 2F2D; 313 221 . 350.4
LaF Dy 3141 16.2 209.8
10 [LaFiD; 31.8 16.5 255.4
11 buFaDy 32.0 16.4 253.2
12 LD, 32.0 16.9 260.9

3.5. Fruit quality:

Table {(4) shows values of TSS%, vitamin C, acidity % and tomato
moisture content for the different treatments.
T88%:

Data indicated that, the highest value (6.3%) was obtained with
treatmenis: 11 and 12, while the lowest value (4.6%) was obtained with
treatment: 1. This means that TSS decrease by increasing level of irrigation
water.

Vitamin C;

Values of vitamin C varied between 34.02 and 22.30 mg/100g F.W.
“fresh weight”. Maximum value was obtained from treatment: 12, while
minimum was obtained from treatment: 1. It can be said that values of vitamin
C increased by decreasing irrigation level and soil moisture content,

Acidity %: <

Values of acidity % were varied between 0401 and 0.451. The
highest value was obtained with treatment (11) but the smallest value was
obtained with treatment {1). ’

It can be concluded that, TSS, vitamin C and acidity have the same
trend and decrease by increasing soil moisture content or level of irrigation
water,

Table (4): Effect of the different treatments on tomato TSS, vitamin “C”,
acidity % and moisture content.

Treatment Tss (%) | Viamin CImar00g [ocigiey ()] Tomato,molsture content
i GED: ) 2230 0.401 541
2 [LFiDe 48 2472 0.410 943
3 LD, 47 24.80 0.415 94.2
4 LiF:D: 49 28.01 0.420 939
5 LF\D, 5.1 2902 0.421 935
B |:FD: 54 29.91 0.420 93.4
7 LaFiD: 54 3040 0.431 931
6 L 538 32.05 0.430 g2.9
A W 8.0 3291 0.445 918
10 LF 6.1 3307 0.449 917
11 LLE2D; 6.3 33.81 0.451 914
12 F;D; 63 34.02 0.450 914

* F.W.: Fresh welight
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lornalo moisture content % (w.b.):

Data in table (4) indicated that fruit moisture content value increased
by increasing soil moisture content or increasing irrigation level. Moisture
content % varied between 94.3% (obtained with treatment “1%) and 91.4%
(obtained with treatments “11 and 127).

3.6. Mineral content {N.P.K) %

Table (5) shows values of dry materials minerals in yield for the
different treatments,
Nitrogen “N*;

The highest vaiue (3.59%) was obtained from treatment LF.D,
*100% Irrigation level + fertigation method + subsurface drip irrigation
system”®. On the other hand, the lowest value (3.01%) was obtained from
treatment LaF,D;.

Phosphorus “P”;

The maximum value (0.49%) was obtained from treatment LiF2D;,,
while the minimum vailue (0. 23%) was obtained from treatment L;F{D.. b
Potassium “K”:

Potassium suifate (K:O) values varied between 1.81% (recorded with
treatment L;F,D4) and 2.34% (recorded with treatment L,F:D;).

This means that, when the plant received much water and good
fertilizers distribution in soil increasing fertilizers use efficiency.

3.7. Total yield:

As shown in table (6), total yield varied between 4881 kgffed
{Treatment L,F;D;) and 5411 kg/fed (treatment L,F,D;). This means that total
yield increased by increasing amount of irrigation water and using fertigation
method compared with the others.

3.8. Emitters clogging:

Table (7) shows the ratio of clogging emitters with the different
treatments after harvesting yield.

Data indicated that, the maximum emitters clogging ratio was 8.30%
obtained with treatment L;F;D. (irrigation with 70% of ETcrop; fertigation
method and subsurface irrigation system). While the minimum value was
3.33% obtained with treatment L,F,D, (irrigation with 100% of ETcrop,
traditional fertilization and surface drip irrigation system), Generally, it can be
noticed that fertigation method, subsurface drip irrigation system and low
irrigation water level help to clog emitters compared with using high irrigation
level, traditional fertilization method and surface drip irrigation system.

3.9. Water use efficiency:

Table (8) shows the values of tomato yield (kg/fed) and water use
efficiency (kg/m3) under the different treatments.

Data indicated that, the maximum vaiue of water use efficiency was
4.96 kglm of irrigation water was recorded with treatment LsF:D, (70% of
ETcrop irrigation levet, fert:gatlon method and subsurface drip |rngation,
system). On the other hand, the minimum value of WUE was 3.44 kg/m" of
irrigation water was recorded with treatment L;FyD, (100% of ETcrop
imigation fevel, traditional fertilization method and surface drip irrigation
system). This means that low imrigation water level with fertigation method
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and subsurface Imrigation system had effect for increasing water-use

efficiency.
- Table (5): Effect of different treatments on values of dry minerals
“N,P.K".
Dry minerais %
Treatment N P K
1 L1F1D¢ 3.15 0.38 210
R LiF D2 3.20 0.37 212
3 LiF204 3.35 0.41 2.25
4 LiF202 3.58 0.49 234
5 LoF D 3.02 0.38 208
6 Fl 3.09 0.36 2.05
7 Dy 3.20 0.37 2.10
LF D 327 0.36 2.19
LaF Dy 3.02 0.25 1.81
¢ AFDy 3.05 023 1.85
11 LaFaDy .0 0.28 1.89
2 LFD; 3.05 029 1.91
Table (8): Water use efficiency for different treatments.
Total yield Water use
Seasonal Irigation waten 3
Treatment Kghtreat* K glhr! (SIW) m/fed tfﬁclowuncyE kg/m'
1 1F1Dy 103.00 5150 1494.99 3.44
2 LFiD: 103.80 5190 - 1494.99 3.47
3 L4FDy 101.88 5204 1494.99 3.54
4 tIFZDZ 104.22 5411 149499 3.62
5 2F1Dh 99.82 4891 1270.74 3.93 .
6 [FiD2 $9.60 4980 1270.74 3.92
7 |LFaDy 99.90 4995 1270.74 3.93
8 JaFaD2 106.24 5312 J270.74 418
9 [LaFiDy 98.04 4902 #1046.49 4.68
10 [LsFiD: 97.62 4881 1046.49 4.66
11 JLaFaDy 99.44 4972 1046.49 4.75
12 RaFDp 103.82 5191 1046.48 4.96
* Data were coflected from four ridges (4 X 0.70m) X 30 m length = 84 m* = 1/50 fed

Table (7): Effect of different treatments on clogging emitters ratio %/line.

Total number of

Mean number of

Clogging ratio

Treatment emitters/line* clogging emitter/ling %iting
1 L,F,Dy 60 2 3.30 -
2 1F1D2 60 3 500
3 aF2Dy 60 3 5.00
4 H4F202 60 4 6.66
o L.F,D, 60 3 5.00
5 LoF D 60 3 5.00
7 |LaFzDy 60 4 6.66
8 1 oF2D; 60 4 6.66
9 iLaF Dy 60 3 5.00
10 #4F02 60 4 6.66
11 WaFDy 60 4 6.66
12 [LaFaDs 60 5 830

* Total emittors/line = 30 m (length) + 0.50 m (distance between emitters) = 60 emitters/line.
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3.10. Statistical analysis:
) Table (8) shows ANOVA (analysis of variance) for the effect of
different treatments and the interaction between factors on yield.

Table (8): ANOVA for the effect of different treatments and the
interaction Letween factors on yleld.

Is.v. D.F .5 M.S F Significant
Replication 3 2544.2 848.1 15.9275 —
Erﬁgaﬁon system (A) 1 109230.2 109230.2 1823.5 bl
arilization method (B) 1 292140.2 292140.2 -4877.0 *
Iinteraction (A x B) 1 104006.2 104006.2 1736.2 s
Isrigation level (C) 2 476578.5 238289.2 3978.0 -
Interaction {A x C) 2 8888.5 4443.2 74.2 bl
Enteracﬁon (BxC) 2 750.5 375.2 6.2 e
nteraction (A x B x C) 2 24328.5 12164.2 203.0 el
mor 33 1317.8 39.9 - -
otal 47
** Highly significant at 1% level.

Data indicated that the effect of irrigation system (A), fertilization
methods (B), irrigation levels (C) and interaction between them on yield were
highly significant.

CONCLUSION

The following conclusions may be summarized:
1) Yield:

The highest vield (5411 kg/fed) was obtained with treatment L,F;D,
(100% of ETcrop with subsurface drip irrigation and fertigation method).

Maximum value of vitamin C (34.02 mg/100g) was obtained with
treatments LyF,;D, and LiF3D;.

The largest leaf area (405.3 cmi/plant) was obtained with treatment
L,F2D2 (100% of ETcrop, fertigation method and subsurface drip irrigation).

2) Water use eofficiency (WUE):

Maximum vaiue of WUE was 4.96 kg!m of irrigation water recorded
with treatment L,F,D, (70% of ETcrop, fertigation method and subsurface
drip irmigation).

3) Emitters clogging (%):

Maximum mean ratio of emitters clogginglline (8.3%) was recorded
with treatment L;F,D; (irrigation with 70% of ETcrop, fertigation method and
subsurface drip irrigation system).

4) Statistical analysis:

Effect of all studying factors was highly s:gmﬂcant on total vield.
Recommendations:

it can He recommended !o use treatment L,F.D; (70% ETcrop.
irrigation level, fertigation method and subsurface drip irrigation system) for
producing high yield and saving irrigation water.
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