J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 2 (4): 393 - 406, 2011

EVALUATION OF SOME MULTINUTRIENT FERTILIZERS
FOR TOMATO AND SQUASH ROTATION AND SOIL
HEALTH UNDER DIFFERENT IRRIGATION SYSTEMS.
El-Hamdi, Kh. H.*; R. E. Knany and Lamyaa A. Abd EI-Rahman”

* Soils Dept., Faculty of Agric., Mansoura Univ.
** Soils, Water and Environment Inst., Agric. Res. Center, Egypt

ABSTRACT

Two field experiments (tomato and squash) in rotation were conducted at
Sakha Agricultural Research Station Farm, Kafr EI-Sheikh Governorate, Egypt during
the summer and the autumn seasons of 2008 and 2009 to evaluate the effects of
some multinutrient fertilizers for long term cultivation under two irrigation systems on
crop yield and soil quality. The experiments were carried out under wire proof green
house conditions. Tomato (Lycopersicon esculentum L) seedlings under the local
name of Alessa was planted . Two irrigation systems and nine fertilizer treatments
were examined . Split plot design was used with four replicates. The main plots were
assigned by two irrigation systems (surface furrow irrigation, and drip irrigation). The
sub plots were randomly assigned by nine fertilizer treatments of :- 1-control (without
fertilization), 2- recommended dose of N and P (200 kg N and 13.08 kg P fed'1), 3-
recommended dose of P and K (13.08 kg P and 41.5 kg K fed"1), 4- recommended
dose of N and K, 5- multinutrients 20 — 20 — 20 +1% Mg + micro nutrients, 6-
multinutrient 20 — 20 — 20 + 1% Mg, 7- multinutrient 20 — 20 — 20 NPK as compound
fertilizer (200 kg fed"1), 8- commercial multinutrient 20 — 20 — 20 NPK as mixed
fertilizer and 9- recommended dose of N. P and K (as urea, superphosphat and
potassium sulphate). Squash was transplanted on the same design without
fertilization depending on the previous fertilizer residuals. The obtained results can be
summarized as :- surface irrigation gave higher tomato fruit yield of 32178.3 kg fed™,
the highest dry fruit wei%ght of 2413.37 kg fed”, higher P %, P content of the fruits
(0.257% and6.2 kg fed™') respectively, higher values of K % in the shoot and fruits
(0.9 and 2.7%) , NUE, PUE, KUE and the highest squash fruit yield of 10202.67 kg
fed™. Drip irrigation produced the highest N % in the shoot and fruits of 0.602 and
0.912 % respectively. Surface irrigation generally decreased available N, K in the soil
after squash while available P was increased compared to the values before planting.
The highest tomato fruit yield of 31105.2 kg fed”, N% in tomato shoot of 0.677%,
NUE155.5, PUE 814.0 and KUE 622.1 were obtained with T5. The highest K uptake
134.38, NUR% 27.42, PUR% 27.63 and KUR% 195.50 were obtained with T9.
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INTRODUCTION

In arid or semi-arid areas crop growth is mainly dependent on irrigation.
Irrigation methods and management are of importance to soil water status,
and thus to plant water status. According to population increase in Egypt,
there is a shortage of irrigation water, thus there are urgent needs to
optimizing irrigation water. Shawky and Sallam (1996) concluded that
improving water management in irrigated agriculture areas cannot attain
sustained optimum land productivity conditions unless proper soil-crop-water
relations are used. Drip irrigation systems, water can be applied directly to
the crop at the root zone, having positive effects on yield and water savings
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and increasing the irrigation performance. Salts can accumulate near the root
zone as a result of inadequate flushing at the wetting front (Dasberg and Or,
1999). Balanced fertilization is a best way for increasing crop production and
fertilizes efficiency. Cabrera et al., (2007) studied the unbalanced soil
nutrition and its effect on tomato and cucumber vyield under protected
cultivation conditions, both species yield were lower than the expected ones,
as a result of a nutritional unbalance determined by inadequate internutrient
relations enhanced by fertigation.

The use of the stick fertilizer N:P:K (20:10:20) greatly increased the
production of many new fine roots from the tomato plants compared to the
unfertilized control, root length and root length density in the stick fertilizer
treatment increased by 3.6 — 6.7 fold (Tian and Saigusa, 2005).

Tomato crop positively responded to the simultaneous of water and
fertilizer under a drip system of irrigation in comparison with conventional
application of fertilizer (Cukaliev et al., 2008). Squash is similar in root
distribution as tomato, it is widely grown all the year. The some significant
and steady increases on number of fruits number and its various components
corres?onded to the progressive raising in the applied N levels up to 120 kg
N fed”. However, the highest two N levels (80 and 120 kg N fed'1) did not
significantly differ in their effects on the average fruit weight plant”(Saad
Radiya. 2002).

The objective of the present study is to evaluate the effect of irrigation
systems, single, multintrients and mixed fertilizers on tomato and squash
rotation yields and soil health.

MATERIALS AND METHODS

Two field experiments in rotation were conducted at Sakha Agricultural
Research Station Farm, Kafr EI-Sheikh Governorate, Egypt during summer
and autumn seasons of 2008 and 2009 (tomato and squash) in rotation to
study effect of the long term cultivation under two irrigation systems and
different fertilization treatments on crops production and soil quality. The two
experiments were carried out under wire proof green house conditions. The
latitude and longitude of the experimental site were 31 05 N and 30 56 E,
respectively. Composite soil sample was collected from the experimental site
before transplanting, prepared by air drying, crushing, sieving to pass through
a 2 mm screen and analysied .

Some physical and chemical soil characteristics were determined
according to Black et al., (1965) and are shown in Table 1.

Table 1: Some physical and chemical properties of the experimental soil
Parical size analysis |Texture| Bulk | pH* | ECe |Available nutrients
(%) density (dSm™) (mg kg™)
Sand | Silt | Clay (kg m’) N P K

5.62 | 31.59 | 62.79 | Clayey | 1.37 | 7.09 | 2.15 | 37.0 | 5.0 | 266.8

*1:2.5 soil : water suspension
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Tomato (Lycopersicon esculentum) seedlings under the local name of
Alessa was used. One nursery plant (age 30 days) of tomato was
transplanted under the drip irrigation 50 cm between the dripers and one
meter between the laterals, (120 plant x 70 raws = 8400 plant fed.-1), the
same number was conducted under the surface irrigation. Tomato was
transplant on 15 April 2008. The plot area was 4.5m?. Split plot design was
used with four replicates. The main plots were assigned by two irrigation
systems of 1- Surface furrow irrigation, and 2- Drip irrigation. The sub plots
were randomly assigned by nine fertilizer treatments of :- 1- Control (without
fertilization), 2- Recommended dose of N and P (200 kg N and 13.08 kg P
fed”), 3- Recommended dose of P and K (13.08 kg P and 41.5 kg K fed™), 4-
Recommended dose of N and K, 5- Multinutrients 20 — 20 — 20 +1% Mg +
micronutrients, 6- Multinutrients 20 — 20 — 20 + 1% Mg, 7- Multinutrients 20 —
20 — 20 NPK as compound fertilizer (200 kg fed™'), 8- Commercial
multinutrients 20 — 20 — 20 NPK as mixed fertilizer and 9- Recommended
dose of N. P and K (as urea, superphosphat and potassium sulphate).

Nitrogen was applied of the single application as urea 46.5% N before
the first, third and fivth irrigation in the furrow surface irrigation system and
three times weekly in the drip irrigation during the growth period. Phosphorus
was applied as single superphosphate 6.758 % P with the first irrigation after
transplanting in the surface furrow irrigation and as monoammonium
phosphate 26.59% P one dose weekly during the growth period in the drip
irrigation system (the nitrogen in the monoammonium phosphate was
considered). Potassium was applied as potassium sulphate 39.84% K in both
irrigation systems with the nitrogen doses. Maltinutrients were added as the
nitrogen application in both irrigation systems. In treatments of 5, 6, 7 and 8 N
and K rates completed by the soluble single fertilizers.

For the second experiment squash was planted as a rotation after the
end of tomato crop on the same place without any tillage. Under two
irrigation systems of surface furrow irrigation and drip irrigation no fertilizers
treatments were added depending on the residual fertilizer of the previous
crop (tomato). Squash (Cucurbita pepo) seedlings were transplanted on 18
September, 2008, 8400 seedlings were planted per feddan. Plant samples
(leaves and fruits) were taken after harvest stage, dried and wet digested in
concentrated HCIO, + H,SO,. In the digestive extract, total nitrogen was
determined by kjeldahl method according to Jackson, (1958); phosphorus
was determined colorimetrically using spectrophotometer according to the
method described by Snell and Snell (1976), and potassium was determined
using flame photometer according to the method described by Jackson
(1958).

N, P and K uptake: were calculated by the following equation:
element (%) X dry yield (kg fed")
Element uptake (kg fed”)=

100
-Utilization rate (UR) of N, P K fertilizer: was calculated according to
Finck, (1982) as the following formula:
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*%

Total removal* - removed from soil reserves

UR% =
Nutrient amount of applied fertilizer<**
Where:  * plant uptake. (kg fed™).
** The uptake of control treatment. (kg fed™)

*** Quantity of nutrient in applied fertilizer. (kg fed™)

Utilization efficiency: was calculated by the following equation:-
Total fruit yield (kg fed™")
UE =

Utilization rate for the treatment x element applied

Fertilizer use efficiency: was calculated according to the following
equation:-
Fruits yield (kgfed™)

FUE =
Fertilizer applied

All data were statistically analysed using analysis of variance technique
by means of MSTATC computer program according to Snedecor and
Cochran, (1980).

RESULTS AND DISCUSSION

Data in Table 2 reveal that the average of fruit weight was affected
high significantly by the irrigation systems. The highest average of fruit weight
32178.3 kg fed™" was resulted from the surface irrigation. Increases of fruit
weight which obtained from surface irrigation compared to drip irrigation may
be due to increasing irrigation water in the surface irrigation led to decreasing
soil electrical conductivity which enhance tomato growth and fruit setting
(Table 1). These results could be enhanced with those obtained by Chung
and Jun (2002), they reported that fruit weight was significantly decreased as
the soil EC became higher than 1.5 dSm™ .

Data listed in Table 2 indicate that the tomato fruit weight was
significantly affected by the NPK fertilizer treatments. The highest value of
tomato fruit yield (31105.2 kg fed”) was obtained with T5 (NPK20:20:20 +
1% Mg +micro) whereas, the lowest value of tomato fruit weight was
(10558.8 kg fed™), resulted from control treatment. These results may be
attributed to the effect of the balanced fertilizer and its contents of
magnesium and micronutrients which enhance plant growth and vyield, in
addition to its effects on EC elevates. These results could be confirmed with
those obtained by Abd EI-Rahman (2001), Abdel-Aziz (2008), Soumya et al.,
(2009) and Sima et al., (2009).

Data in Table 2 indicate that N concentration in shoot and fruits of
tomato plants was significantly affected by irrigation systems, the highest N
concentration values were (0.60% and 0.91%) in shoot and fruits
respectively, which obtained with the drip irrigation. This due to presence of
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available nutrients in the root zone for long term, which led to great
absorption. These results are harmony with the obtained by Cukaliev et al.,
(2008), badr and Talaab (2008) and Badr et al., (2010).

It is quit obvious from the data presented in Table 2 the irrigation
systems clearly affected N content of tomato shoots and frmts as well as the
N uptake. The highest N content of (42.8 and 21.3 kg N fed™) of the shoots
and fruits, respectively were obtained with the drip and surface wngatlon
respectively. While the highest nitrogen uptake of (52.6 kg N fed”) was
observed with the drip irrigation. The increases in the N uptake wh|ch
recorded with the drip irrigation may be due to the increases of the available
nitrogen in the root zone for the long time during the growth period. These
results could be enhanced by those reported by El-Araby and Feleafel,
(2003) and Zotarelli et al., (2007).

Table 2: Effect of irrigation systems and fertilization treatments on
weights of tomato fruits and shoots and their nitrogen
composition at harvest ( 2008 season).
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Drip 14313.6 | 7114.8 | 0.60 |42.80|1073.36/0.91 |9.80| 52.60

Surface 32178.3 | 4890.9 | 0.49 |23.80[2413.37|0.88 |21.30| 45.10

F test
T1 10558.8 | 3324.7 | 0.38 [12.50| 791.7 |0.68 |5.34| 17.84
T2 24307.5| 7375.2 | 0.54 |40.04|/1822.8|0.90 [16.50| 56.54
T3 177471 | 6266.4 | 0.53 [33.40/1331.4|0.74(9.80| 43.20
T4 20283.9| 6120.2 | 0.50 [30.42(1520.4|0.98 [14.90| 45.32
T5 31105.2 | 5490.2 | 0.68 |37.17|2333.1|0.88 [20.40| 57.57
T6 28186.2 | 4628.4 | 0.62 [28.79/2113.9]0.96 [20.20| 48.99
T7 26197.5| 49224 | 0.56 |27.57/1963.5|0.94 {18.30| 45.87
T8 26405.4 | 5434.8 | 0.49 (26.52/1980.3|0.91(17.90| 44.42
T9 24420.9110466.4 | 0.51 |53.17/1831.2|1.07 {19.50| 72.67

F test ** N.S ** N.S| N.S **- IN.S| N.S

LSD 0.05 | 2952.5 N.S 0.09 IN.S| N.S |0.13|N.S| N.S
T1: Control (without fertilization),

T2: Recommended dose of N and P (200 kg N and 13.08kg P fed" )

T3: Recommended dose of P and K (13.08 kg P and 41.5 kg K fed ™),

T4: Recommended dose of N and K,

T5: Multinutrients 20 — 20 — 20 +1% Mg + micronutrients,

T6: Multinutrients 20 — 20 — 20 + 1% Mg,

T7: Multinutrients 20 — 20 — 20 NPK (200 kg fed™),

T8: Commercial multinutrients 20 — 20 — 20 NPK,

T9: Recommended dose of N. P and K (as urea, superphosphat and potassium sulphate
N.S : not significant
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Data presented in Table 2 reveal that N concentration in tomato shoots
and fruits were high significantly affected by the fertilizer treatments. The
highest value of N% in shoot was (0.68%) obtained from T5 (NPK 20:20:20
+1%Mg +micro), while the highest value of N% in fruits was (1.07%) from T9
(recommended dose of NPK as a single fertilizers). Also, the highest value of
N uptake was (72.67 kg N fed™') obtained with T9 followed by (57.57 kg N fed"
1) with T5. The lowest N uptake value of (17.84 kg N fed'1) was recorded with
T1 (without fertilizer). The increment of N content and N uptake by tomato
plants may be due to higher availability of the nutrients with increase N
fertilizer, which final resulted in better root growth and increased physiological
activity of root to absorb the nutrients. These results could be confirmed with
those obtained by Han et al., (2005) and Badr et al., (2010).

Data in Table 3 reveal that no significant differences between the
irrigation systems on P% in the dry shoot. While, these was a significant
difference in the dry shoot between the two irrigation systems which affected
the phosphorus content. The higher value (6.69 kg fed”) was obtained with
the drip irrigation. On the contrary, the surface irrigation had higher dry fruit
yield (2413.37 kg fed™) with higher P% of (0.257%) which produced higher P
content of the fruits (6.2 kg fed'1). Thus there was a negligible difference
between P uptake values due to the two irrigation systems of (9.15 and 9,92
kg fed'1) with the drip and surface irrigation, respectively. This may be due to
the phosphorus less in their mobility in the soil, less in leaches which make
the irrigation systems less effect in the uptake. These results could be
enhanced by those obtained by El-Atawy (2003), Hebbar et al., (2004), and
Kadam et al., (2005b).

Data presented in Table 3 reveal that the highest values of P
concentration (0.115 and 0.315%) in shoot and fruit were obtained with T5
NPK (20:20:20 + 1%Mg +micro.) and T6 NPK (20:20:20 +1%Mg),
respectively. The highest value of P uptake (13.48 kg fed ') was resulted from
tomato plants treated with the recommended dose of NPK. While the lowest
value of P uptake (5.19 kg fed'1) was resulted from tomato plants without
fertilizer (control). The obtained results may be due to T9 and T5 contain
balanced nutrients N, P and K, in addition to the nutrients as impurities in the
superphosphate and N, P, K, Mg, Fe, Mn and Zn in T5 which enhance plant
uptake. These results could be supported with those obtained by Tian and
Saigusa (2005) and Badr et al., (2010).

Data in Table 3 indicate that the highest values of K% in shoot and
fruits were (0.90 and 2.7%) resulted from the surface irrigation, hence the
highest value of K uptake (109.18 kg fed”) was obtained with the surface
irrigation. From these results it can be mentioned that the increase of K% and
uptake by tomato plants my be attributed to the availability and K content in
the soil depend on large extent on soil moisture conditions. The experimental
soil had high electrical conductivity (salt affected soil) review and the
dominant cation in the region is the sodium, the surface irrigation leached
some sodium cation which led to increase potassium uptake. These results
could be enhanced with those reported by El-Atawy (2007) and Badr et al.,
(2010).
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Table 3: Effect of irrigation systems and fertilization treatments on P
and K composition of tomato fruits and shoots at harvest
stage of 2008 season.
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Drip 0.094 | 6.69 | 0.230 |2.46| 9.15 0.80 56.92 2.40 25.76 | 82.68
Surface [ 0.076 | 3.72 | 0.257 |6.20| 9.92 0.90 44.02 2.70 65.16 | 109.18
F test N.S ** ** *
T1 0.103 | 3.42 | 0.223 |1.77| 5.19 0.84 27.92 1.10 8.71 | 36.63
T2 0.094 | 6.93 [ 0.250 |4.55| 11.48 0.88 64.90 2.90 52.86 | 117.76
T3 0.082 | 5.14 | 0.226 |3.01| 8.15 0.86 53.89 2.60 34.62 | 88.51
T4 0.082 | 5.01 [0.152 [1.31] 7.32 0.75 45.90 2.80 42.57 | 88.47
T5 0.115| 6.31 | 0.273 |6.37 | 12.68 0.93 51.06 2.50 58.33 | 109.39
T6 0.096 | 444 | 0.315|6.66| 11.10 0.99 45.82 3.00 63.42 | 109.24
T7 0.090 | 443 [0.215 [4.22| 8.65 0.82 40.36 2.70 53.01 | 93.37
T8 0.075| 4.08 [ 0.220 [4.36| 8.44 0.87 47.01 3.20 63.37 | 110.38
T9 0.074 | 7.75 | 0.313 [5.73] 13.48 0.86 90.43 2.40 43.95 | 134.38
F test N.S ** N.S **
LSD 0.05 | N.S 0.06 N.S 0.61

Data presented in Table 3 reveal that K concentration in shoot was non
significant, while in the fruit it was high significantly affected by fertilization
treatments. The highest value of K% in shoot (0.99%) resulted from plants
fertilized with multi nutrients (20:20:20 +1%Mg). The lowest value of K%
(0.75%) resulted from recommended dose of single N and K (T4). The
highest value of K% in fruits (3.20%) was obtained with multi nutrient
commercial (T8), while the lowest value of K% (1.1%) resulted from treatment
without fertilizer (T1). On the other hand, The highest value of K uptake
(134.38 kg fed”) resulted from the recommended dose of single NPK (T9),
while the lowest value was (36.63 kg fed') obtained from tomato plants
without fertilizer treatment (T1). The increment of K content and K uptake by
tomato plants may be due to higher availability of the nutrients with increase
in the N fertilizer which final resulted in better root growth and increased
physiological activity of roots to absorb the nutrients. These results could be
enhanced with those obtained by El-Atawy (2007) and Badr et al., (2010).

Data presented in Table 4 show the effect of fertilization treatments on
N, P and K utilization rate by tomato plants. The highest value of UR% of N
(27.42%) resulted from tomato plants fertilized with recommended dose of
single NPK (T9), while, the lowest value of UR% of N (13.29%) obtained from
tomato plants which fertilized with commercial multi nutrients (T8).The
highest values of UR% of P and K% were (27.63 and 195.5%) resulted from
recommended dose of single NPK (T9) respectively, while the lowest value of
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UR% of P (9.87%) was obtained from tomato plants which fertilized with the
recommended dose of single P and K and the lowest value of UR% of K
(103.68%) resulted from tomato plants which fertilized with recommended
dose of single fertilizer of N and K (T4). These results explain that presence
of the balanced N, P and k increased the utilization rate of all the used
treatments. Absent of one of the nutrients led to decrease the utilization rate
of the other nutrients. These results could be supported with those obtained
by Kadam et al., (2005 a and b) and Badr et al., (2010).

Table 4: Effect of fertilization treatments on N, P and K utilization rate
and N, P and K utilization efficiency in tomato yield

N P K N P K
Treatmentsjutilizationjutilizationutilizationjutilization|utilizationutilization
rate (%) | rate (%) | rate (%) |efficiency|efficiency|efficiency
T1 - - - - - -
T2 19.35 20.97 - 628.1 3858.3 -
T3 - 9.87 103.76 - 3286.5 341.3
T4 13.74 - 103.68 724.4 - 390.1
T5 19.87 18.73 145.52 777.6 4152.9 426.1
T6 15.58 14.78 145.22 880.8 4769.2 388.1
T7 14.02 8.65 113.48 935.6 7571.5 463.7
T8 13.29 8.13 147.50 | 1015.6 | 8124.7 326.8
T9 27.42 27.63 195.50 452.2 2907.3 250.5

Data in Table 5 show that the highest values of nitrogen use efficiency
(NUE), phosphorus use efficiency (PUE) and potassium use efficiency (KUE)
were (160.80, 1072.60 and 643.50) obtained from tomato plants irrigated with
surface irrigation, respectively. This may be due to the nutrient use efficiency
depending on the yield quantity. The surface irrigation encourage the
increase of crop yield by avoiding the effect of salinity in addition to increase
the solubility and availability of the nutrients. These results could be cnfirmed
with those reported by Kadam and Sahane (2002 a and b) and El-Atway,
(2007).

Data listed in Table 5 prove that the highest values of NUE, PUE and
KUE (155.50, 814.0 and 622.1) were obtained from tomato plants which
fertilized with multi nutrients NPK 20:20:20 +1% Mg + micro.) T5 in N,K and
with T9 of P while, the lowest values of NUE, PUE and KUE (101.4, 591.5
and 263.70) resulted from the recommended dose of single fertilizer of N and
k (T4), recommended dose of single fertilizer of P and K (T3) and multi
nutrients NPK 20:20:20 +1% Mg (T6), respectively. This due to the applied
element increased tomato yield. Also, presence of Mg plus micronutrients
enhanced plant production
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Table 5: Effect of irrigation systems and fertilization treatments on N, P
and K utilization use efficiency (kg fruit/ unit fertilizer)

Irr%a"::ﬁ:e?nd N-use efficiency | P- use efficiency | K- use efficiency

Drip 71.50 477.10 286.20

Surface 160.80 1072.60 643.50
T1 - - -
T2 121.50 810.20 -
T3 - 591.50 354.90
T4 101.40 - 405.60
T5 155.50 777.63 622.10
T6 140.90 704.66 263.70
T7 130.90 654.9 523.90
T8 132.00 660.14 528.10
T9 122.10 814.00 488.40

Soil quality after tomato, squash rotation
Available Nitrogen

Data presented in Table 6 show that the irrigation methods and
fertilization treatments clearly affected available-N in the soil. Under the
control (without fertilization) avallable N decreased from 37 mgkg~ before
transplanting to 16 and 5.0 mgkg™' after Tomato and Squash, respectively
with the surface |rr|gat|on While under drip irrigation the decreases were from
37 to 30 and 5.9 mgkg after tomato and squash, respectrvely Under T2
available N was decreased from 37 to 27.71 and 11.44 mgkg after tomato
and squash, respectively with surface irrigation. Whrle under the drip irrigation
available N increased from 37 to 70.77 mgkg after tomato and it was
decreased to 9.99 mg kg™ squash. Under T3 available N was decreased with
the two irrigation method, but the decrease was low under the drip irrigation.
Under T4, T5 and T6 available N was decreased with surface irrigation and
on contrary it increased with drip irrigation after the tomato, while it had
approximately the same values with surface and drip irrigation after squash.
Under T7, T8 and T9 available N decreased after tomato with the surface
irrigation while it was constant with the drip and the same values of drip and
surface were detected after squash.

In general under the surface irrigation available N was decreased
from 37 to average 22.64 mgkg While it was increased to the average
41.48 with the drip irrigation. This may be due to the losses by leaching with
the surface irrigation. After squash available N had the same values with the
two irrigation methods. This may be due to the needs of squash was rather
than the residual. These results are confermed to those obtained by
Lecompte et al. (2008).

Available phosphorus

Data presented in Table 6 show that no clear differences in the
available Phosphorus between the used irrigation methods after tomato
(8.08 and 8.39 mgkg™") and after squash (5.11 and 5.75 mgkg™') with surface
and drip irrigation, respectively. Generally available P was increased after
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tomato from 5 to 8.08 and 8.39 mgkg™ and returned blew after squash. This
due to phosphorus immobile in the soil (no losses by leaching) and the
decreasing after squash due to plant absorption and phosphorus fixation by
calcium in the soil of high pH. All the fertilizer treatments increased available
phosphorus in the soil after tomato except T4, where no clear increase was
observed. The highest increase of available phosphorus values after tomato
were observed with T3 and T9 followed by T5 under both irrigation
treatments. This due to phosphorus applied with the fertilizer and the less
amount of the leached with the irrigation water. Similar results were reported
by Ling et al. (2005) and Zhang et al. (2009).

Available potassium

Data presented in Table 6 reveal that irrigation method clearly
affected available K in soil after tomato, squash rotation. Surface irrigation
generally decreased available K after tomato from 266.8 to average 242.7
mgkg'1 . The decrease was increased after the squash. On the other hand
available K was increased after tomato in the drip irrigation from 266.8 to
average 351.8, whereas it decreased after squash to the primary value. This
due to the losses in potassium by leaching under the surface irrigation and
increasing K uptake in presence of moisture.

With regard to the effects of fertilization treatments on available K in
the soil, all the fertilizer treatments led to decrease available K after tomato
and squash in the surface irrigation except T3 and T4 they were increased
available K. On the contrary all the fertilization treatments under the drip
irrigation increased available K after tomato and still higher after
squash.These results could be confirmed with those reported by Cabrera et
al. (2007) and Zhang et al. (2009).

Table 6 : Available N,P and K (mgkg™') in soil after tomato, squash

rotation.
N (mgkg) P (mgkg™) K (mgkg™)

Surface Drip Surface Drip Surface Drip

irrigation irrigation irrigation irrigation irrigation irrigation
Treatments. g @ 3 @ 3 @ 3 @ 3 @ 3 @

3 < 3 [ 3 < 3 < 3 < 3 <

8 |2 |22 |8 |82 |2|2 |88 2| &

o > o > o =3 o > o =3 o >
1 16.8 | 5.00 [30.00] 5.90 | 5.00 | 2.40 | 5.00 | 4.16 [200.14|164.301207.80[199.80,
T2 27.71[11.44|70.77]| 9.99 | 7.50 | 5.33 | 8.70 | 6.30 |201.43[197.90[266.80[224.18
T3 18.20110.31|25.30| 6.98 [10.80{ 8.33 |10.00| 7.50 [321.10[270.20/329.601270.00,
T4 26.11[10.45|45.84| 7.10 | 5.90 | 2.50 | 8.10 | 5.00 |318.32[216.70[352.20[252.33
5 19.01] 5.77 |41.25(12.15] 9.17 | 6.30 | 9.17 | 5.00 [252.13]205.70408.301276.17|
T6 24.98| 5.02 |47.23|14.74| 8.60 | 5.33 |10.30| 6.30 [236.24{197.30[468.39331.90
7 26.20(12.77|34.43| 7.86 | 8.80 | 5.83 | 8.33 | 5.00 [228.60[228.60[450.34/231.90
T8 17.40(10.43[37.90| 6.40 | 6.17 | 5.00 | 6.67 | 5.83 [212.13]247.50[360.49/254.90
T9 27.39[10.72|30.59| 11.5 |[10.80| 5.00 |10.25| 6.66 [214.50[204.20[322.76[282.00

Mean 22.64| 9.10 |41.48| 9.18 | 8.08 | 5.11 | 8.39 | 5.75 [242.70[214.70[351.80]258.10,
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Soil pH(1:2.5 soil : water suspention)

Data presented in Table 7 reveal that there was little effect due to
irrigation methods on soil pH after tomato and squash rotation. There was
negligible increase in the soil pH under the drip irrigation compared to the
surface irrigation. The increases were from 7.15 to 7.19 after tomato and from
7.14 to 7.16 after squash. This due to the soil buffering capacity. No clear
sequence of the effects due to fertilizers treatments on soil pH . This due to
the soil buffering capacity. Similar results were reported by Yan et al. (2004)
and Hebbar et al. (2005).

Soil EC dSm™ (1:5 soil : water extract)

Data presented in Table 7 show that dramatic increase in the soil EC
was detected after tomato and squash cultivation. Irrigation methods clearly
affected soil EC in tomato squash rotation. Drip irrigation causes clear
increase in the soil EC after tomato and squash compared to the surface
irrigation. The average EC values were 2.46 and 1.78 dSm™ under the drip
irrigation after tomato and squash, respectively. While they were 1.34 and
0.72 dSm™ under the surface irrigation. In respect to fertilization treatments,
generally all the fertilization treatments increased soil EC. The highest EC
mean values (drip, surface after tomato and squash) of 1.81, 1.77, 1.76 and
1.72 dSm™ were recorded with the single fertilizers of PK (T3), NK(T4),
NP(T2) and NPK (T9), while the lowest values were recorded with the
multinutrients with the sequence from low to high values T7, T5, T6 and T8.
This may be due to the differences in the solubility and salt index of the
fertilizers. These results are in harmony with those reported by Hebbar et
al.(2005).

Table 7 : pH and EC in soil after tomato, squash rotation.

pH EC dSm”
T Surface Drip Surface Drip Mean
reatments P P P Lo
irrigation irrigation irrigation irrigation
tomato | squash | tomato | squash | tomato | squash |tomato | squash
T1 7.07 7.04 7.15 7.09 0.33 0.32 0.52 0.82 | 0.49
T2 7.14 7.11 7.27 7.22 1.52 0.86 2.77 1.92 | 1.76
T3 717 7.16 7.22 7.19 1.60 0.88 2.81 1.96 | 1.81
T4 7.20 7.20 7.24 7.20 1.57 0.84 2.79 1.90 | 1.77
T5 7.14 712 7.24 7.20 1.35 0.69 2.70 1.85 | 1.64
T6 7.18 7.15 7.11 7.10 1.45 0.75 2.65 1.89 | 1.68
T7 7.19 7.18 717 7.14 1.37 0.65 2.55 1.88 | 1.61
T8 7.13 7.13 7.18 717 1.40 0.81 2.61 1.95 | 1.69
T9 7.18 7.18 7.18 7.18 1.50 0.70 2.75 193 | 1.72
Mean 7.15 7.14 7.19 7.16 1.34 0.72 2.46 1.78

-pHin1:2.5 Soil : Water suspention
-ECdsm™in 1:5 Soil: Water extract

In conclusion this study shows that presence of the balanced N, P and
k increased the utilization rate of all the used treatments ,where (T5:
Multinutrients 20 — 20 — 20 +1% Mg + micronutrients, )has the superiority.
Absent of one of the nutrients led to decrease the utilization rate of the other
nutrients. Surface irrigation gave higher tomato fruit yield, dry fruit weight,
higher P %, P content of the fruits, higher values of K % in the shoot and
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fruits, highest squash fruit yield. Drip irrigation produced the highest N % in
the shoot and fruits. Surface irrigation generally decreased available N, K in
the soil after squash while available P was increased compared to the values
before planting. All the fertilization treatments increased soil EC, the highest
EC mean values (drip, surface after tomato and squash) were recorded with
the single fertilizers of PK (T3), NK(T4), NP(T2) and NPK (T9), while the
lowest values were recorded with the multinutrients with the sequence from
low to high values T7, T5, T6 and T8.

REFERENCES

Abdel-Aziz, A. A. (2008). Water and fertilizer requirements for tomato crop
under trickle and sprinkler irrigation systems in sandy soils. Ann. of
Agric. Sci. (Cairo), 53: 2, 309-322.

Abd EI-Rahman, S.Z. (2001). Effect of nitrogen fertilization on yield, quality
and storability of some new tomato hybrids .J. Agric. Sci. Mansoura
Univ.26(9) :5651-5669 .

Badr, M. A. and A. S. Talaab (2008). Response of tomatoes to nitrogen
supply through drip irrigation system under salt stress conditions. Aust.
J. of Basic and Applied Sci., 2: 1, 149-156.

Badr, M. A.; S. D. A. Hussein; W. A. El-Tohamy and N. Gruda (2010).
Nutrient uptake and yield of tomato under various methods of fertilizer
application and levels of fertigation in arid lands. Gesunde Pflanzen,
62: 1, 11-19.

Black, C.A., D.D. Evans, J.L. Wite, L.E. Ensminger, and F.E. Clark (1965.
Method of Soil Analysis. Am. Soc. Agron. Inc. Publisher Madison
Wisconsin, USA.

Cabrera, A.; J. Arzuaga and M. Mojena (2007). Unbalanced soil nutrition and
its effect on tomato (Lycopersicon solanum L.) and cucumber (Cucumis
sativus L.) yield under protected cultivation conditions. Cultivos
Tropicales, 28: 3, 91-97.

Chung H. D. and C. Y. Jun (2002). Growth responses on varying soil EC and
selection of salt-tolerant rootstock of tomato. J. of the Korean Soc. for
Hort. Sci., 43: 5, 536-544.

Cukaliev, O.; V. Tanaskovik; R. S. Kanwar; Heng LeeKheng and D.
Mukaetov (2008). Irrigation and fertigation effects on nitrogen use
efficiency and tomato vyield. International Agricultural Engineering
Journal. 17: 1/4, 19-25.

Dasberg, S. and D. Or. (1999). Drip Irrigation.Springer, Berlin.

El-Araby, S.M. and M.N. Feleafel (2003). Effect of irrigation regime, organic
manure and phosphorus fertilizer on tomato plants.1-Vegetative
growth, flowering and mineral contents. Alex. J. Agric. Res. 48(3) : 115-
125.

El-Atawy, Gh. Sh. I. (2003). Irrigation regime and fertilizer requirement of
tomato under saline soil condition . M. Sc. Thesis, Fac. Agric.,
Mansoura Univ., Egypt .

El-Atawy, Gh. Sh. I. (2007). Irrigation and fertilization management under the
condition of Kafr El-Sheieikh governorate soil. Ph. D. Thesis, Fac.
Agric., Mansoura Univ., Egypt .

Finck, A. (1982). Fertilizers and Fertilization Introduction and Practical Guide
to Crop Fertilization. Weimheim, Deerfield Beach, Florida, Basel. pp.
154: 168.

404



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 2 (4), April, 2011

Han X. L.; N. W. Zhang and J. J. Fen (2005). Effect of biological organic-
inorganic compound fertilizer on yield and quality of tomato and
soil.Soils and Fertilizers (Beijing), 3, 51-53.

Hebbar, S. S.; B. K. Ramachandrappa and H. V. Nanjappa (2005). Effect of
drip fertigation on soil water, soil fertility and yield of field grown tomato
(Lycopersicon esculentum Mill.).Research on Crops, 6: 1, 58-63.

Hebbar, S. S.; B. K. Ramachandrappa; H. V. Nanjappa and M. Prabhakar
(2004). Studies on NPK drip fertigation in field grown tomato
(Lycopersicon esculentum Mill.). European J. of Agron., 2004. 21: (1):
117-127.

Jackson, M.L. (1958). Soil Chemical Analysis. Printice-Hall, Inc.Englewood
Cliffs, New Jersey.

Kadam, J. R. and J. S. Sahane (2002a). Chemical composition and dry
matter yield of tomato as influenced by NPK fertilizer briquette. J.
Maharashtra Agric. Univ., 27,(1): 4-6.

Kadam, J. R.and J. S. Sahane (2002b). Quality parameters and growth
characters of tomato as influenced by NPK fertilizer briquette and
irrigation methods. J. Maharashtra Agric. Univ., 27,(2): 124-126.

Kadam, J. R.; J. S. Sahane and S. M. Kareppa (2005a). Effect of NPK
briquette on the movement and availability of nutrients in soil and yield
of tomato. J. Maharashtra Agric. Univ., 30,(2): 131-134.

Kadam, J. R.; S. Karthikeyan and V. N. Walke (2005b). Uptake of nutrient as
influenced by soluble N, P and K fertilizers applied through drip
irrigation for tomato. Ann. Plant Physiol., 19,(1): 80-84.

Lecompte, F.; F. Bressoud; L. Pares and F.Bruyne (2008). Root and nitrate
distribution as related to the critical plant N status of a fertigated tomato
crop. J. Hort. Sci. and Biotech., 83,(2): 223-231.

Ling, L. J; L. R. Gang; L. W. Hua; J. Ke; M. Na and C. Zhe (2005). The yield
response of vegetable to phosphate fertilizer and soil phosphorus
accumulation in a Chinese cabbage Capsicum rotation. Scientia
Agricultura Sinica, 38,(8): 1616-1620.

Saad-Radiya K. S. (2002). Effect of plant population, biofertilizer and nitrogen
on growth, fruit yield, seed production and seed quality of squash
(Cucurbita pepeo L.) Ph.D. Thises, Fac. of Agric. Alexandria Univ.

Egypt.
Snedecor, G. W., and W. G. Cochran, (1980). One way classification-
Analysis of Variance — The random effect model- Two way

Classification (Eds) In Statistical Methods. The lowas State Univ. Press
Ames lowa USA 1980,: 215-273.

Shawky, M. E. and M. F. Sallam. (1996). Potential evapotranspiration
calculation under Egyptian conditions. Proceeding of international
conference on evapotranspiration and irrigation scheduling. November:
3 — 6 San Antonio Convention Center San Antonio, Texas. Published
by ASAE.

Sima, R.; D. Maniutiu; A. S. Apahidean; M. Apahidean; V. Lazar and C.
Muresan (2009). The influence of fertilization on greenhouse tomatoes
cultivated in peat bags system. Bull. Univ. Agric. Sci. and Veterinary
Medicine Cluj-Napoca. Hort.. 66,(1): 455-460.

Snell, F.D and C.T. Snell (1976). Colorimetric Methods of Analysis. D. Van
Nostrand Company Inc., pp. 55 1-552.

Soumya, T. M.; B. K. Ramachandrappa and H. V. Nanjappa (2009). Effect of
fertigation with different sources and levels of fertilizer on growth and
yield of tomato. Mysore J. Agric. Sci., 43,(1): 80-84.

405



El-Hamdi, Kh. H. et al.

Tian X. H. and M. Saigusa (2005). Response of tomato plants to a new
application method of polyolefin-coated fertilizer. Pedosphere, 15,(4):
491-498.

Yan, X,; C. Qing; W. J. Guo; W. Li and C. Y. Ping (2004). Citrate on
mobilization of Fe and P in calcareous soil and its impact on growth of
drip-irrigated tomato.Scientia Agric. Sinica, 37,(9): 1322-1327.

Zhang, T. Q.; C. S. Tan and K. Liu (2009). Phosphorus and potassium
application to processing tomatoes grown with drip irrigation. Acta
Hort., 823:97-102.

Zotarelli, L.; J. M. Scholberg; M. D. Dukes, and R. Munoz-Carpena (2007).
Monitoring of nitrate leaching in sandy soils: comparison of three
methods. J. Environ. Quality. 36,(4): 953-962.

caat Ay 1) 33 g0 5 A s g alaladall Clad o A jal) Baend) (lany anll
PRI Lg)l\@h.n
Toaa )l ae adal) ae plial g T AUS deland Gldaay ¢ ' gaalal) G A&
an =5 gaial) drala — Aol 30 A0S — o) Y aud -
s = A 3l Egagll 38 pa — Adll g Baall g ol Y Gigag gra WY

Ba jae — il Hi A kilae i Ao ) 1 Qg Aana de ) Jar s Gl 525 G
(6 i caat alalalall aay das oS0l 8 A5 Yo e85 Yo A alal i Al s Liaall e sall
oy yla ot o ladl) b Cuum A il 83 gag rannil) 30U 5 J pmnal) e 4aliae e 5 labaa g
Opeldai e di )l il e Gum ) 580 day ) 8 Akl wdadll pranad aadind 5 L) 4 sl
a8 =) - 5 dpand Dielra Aaudly BRG] adal) e LS cadiilly (5 15 oadand) (5 1) Lat 5 500
SOV A+ 5 aS Yo o) 32 jdall Alan 8l 5 agia g 3l BaenY] (e dr (oo gall Jarall =Y ¢(apand G 5)
S S E).0 4 5 S VT 0 A) 52 hal) Al sl 5 Ailius sill 520mY) (g 4y o sl Janall - T ¢ (il 58
= Y0 Sl Sl A8l -0 ¢ 53 jial) Epusli sl 5 dim 5 5 520nY) (40 4y amn sl Jana) -£ (laill
Al =T ulai — i) — Gaiaie — aa s hea sealic Fageitle %) + o5 - B - o Ye - Yo
SO Y e oYy Sl slend) Al Y caspaiele %) # g - s - o Y= Yo o Y e Sl dlaud)
O O A o sall Jaaall Bilzal -4 5 s B Yo — Yo = Yo Laglaall sl dilal A g -
O il ) e lalaie ) st 50y pranalll (i e A Sl Aol ) iy 5 ke e 53— 58—
et aladl 50 el 4) 1l Led Lgale Jamaiiall il (apals (Say s alalalall Ciliaall sled)
Sty e gy @S YT PV Gila Jgamne el s ¢ Gad/mS FYIVAY ahlaball &l jlal Jsane
asie L el (s e 8 28T Y Por Yo) Jlall (B i dll (6 ginay ) shus ghll )50 At
O JSI Glmall sl aladind 3eUS ety (% Y.V ¢ +.3) Jlailly (5 pamall & ganall (3 o srnlisall
Ve oY Y A S Ll Jgamna ey (YY) )asialisall o(A) £, ) i sill 5 (100,0) Gan g sillc
VY allelall Ll g o pmal g sanal) (8 g yiill Ay pe s o) @il (50 Jhe) - Y olad/mS
el o sali sl 5 Cpmns Sl e S palls () 63 (adand) )l Adle Aday Y (i e % 4 ANV
o ady ilebaall el —£ A, 1 Ju A Al reasall i sil) o) 5 Laias FeassS0) A3 a1 8
— Saiaile— a5 raa gualic +asiele %) + s - gb - VoY oY Sl sl dilial)
g el (8 cpa g il Ange At ety lad/mS YY) 00 Y ahlada Hlad Jseana Jeb (pulsd — &l
Culae] -0 o sralisll gy sias gill 5 (g il Cilimall sledl AAATLY 36l )5 % v v VY (5 pumall
o3l sall (alsiial o) (33 5800 0l 53— 58 — (5 (e 4y o sall Jaadl) Aiial) 4 o8 LLaladl
(130.0 ) asnalisl) o YV.IY) s il 5 (YV.£Y) Cpam g yiill sl alisiial Janas V7€ YA

Giad) assaly ol
3 patal) daaly — dsi 3 A8 uéﬁdmg)sjla_f
L) )30 &gl 38 e C 8N 5 drax G [ 2

406



