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ABSTRACT 
 

Two field experiments (tomato and squash)  in rotation were conducted at 
Sakha Agricultural Research Station Farm, Kafr El-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

-1
, 

the highest dry fruit weight of 2413.37 kg fed
-1

,  higher P %, P content of the fruits 
(0.257% and6.2 kg fed

-1
) 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

-1
. 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

-1
, 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.  
Keywords: Multinutrient, fertilizers, irrigation, tomato, squash yield, soil health 

 

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 yield 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 
corresponded to the progressive raising in the applied N levels up to 120 kg 
N fed

-1
. 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
-1

(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 El-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 
density 
(kg m

3
) 

pH* ECe 
(dSm

-1
) 

Available nutrients 
(mg kg

-1
) 

Sand Silt Clay 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

2
. 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

-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 + 
micronutrients, 6- Multinutrients 20 – 20 – 20 + 1% Mg, 7- Multinutrients 20 – 
20 – 20 NPK as compound fertilizer (200 kg fed

.-1
), 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 HClO4 + H2SO4. 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 SnelI 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
-1

) 
        Element uptake (kg fed

-1
)=   -------------------------------------------------- 

                                                                     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
-1

). 
         ** The uptake of control treatment. (kg fed

-1
) 

        *** Quantity of nutrient in applied fertilizer. (kg fed
-1

) 
 
Utilization efficiency: was calculated by the following equation:- 

                                       Total fruit yield (kg fed
-1

) 
       UE  =        ---------------------------------------------------------------------                 
                    Utilization rate for the treatment x element applied 

 
Fertilizer use efficiency: was calculated according to the following 

equation:-     
                                          Fruits yield (kgfed

-1
) 

       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

-1
 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

-1
 . 

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

-1
)  was obtained with T5 (NPK20:20:20 + 

1% Mg +micro) whereas, the lowest value of tomato fruit weight was 
(10558.8 kg fed

-1
), 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 yield, in 
addition to its effects on EC elevates. These  results could be confirmed with 
those obtained by Abd El-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 fruits as well as the 
N uptake. The highest N content of (42.8 and 21.3 kg N fed

-1
) of the shoots 

and fruits, respectively were obtained with the drip and surface irrigation, 
respectively. While the highest nitrogen uptake of (52.6 kg N fed

-1
) was 

observed with the drip irrigation. The increases in the N uptake which 
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). 

Irrigation 
and fertilizer 
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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 17747.1 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 4922.4 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 24420.9 10466.4 0.51 53.17 1831.2 1.07 19.50 72.67 

F test ** N.S ** N.S N.S **- N.S N.S 

LSD 0.05 2952.5 N.S 0.09 N.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

-1
), 

T3: Recommended dose of P and K (13.08 kg P and 41.5 kg K fed
.-1

), 
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

.-1
),  

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

-1
) 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

-1
) was obtained with 

the drip irrigation. On the contrary, the surface irrigation had higher dry fruit 
yield (2413.37 kg fed

-1
) 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

-1
) 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

-1
) 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. 

Ir
ri

g
a

ti
o

n
 a

n
d

 f
e
rt

il
iz

e
r 

P
  
in

 s
h

o
o

t 

(%
) 

P
 c

o
n

te
n

t 

In
 s

h
o

o
t 

(k
g

fe
d

-1
) 

P
 i
n

 f
ru

it
s
 

(%
) 

P
 c

o
n

te
n

t 
in

 f
ru

it
 (

k
g

fe
d

-1
) 

T
o

ta
l 
 P

 u
p

ta
k
e
 

s
h

o
o

t+
 f

ru
it

 (
k
g

fe
d

-1
) 

K
 

in
 s

h
o

o
t 

(%
) 

K
 c

o
n

te
n

t 
s
h

o
o

t 
(k

g
fe

d
-1
) 

K
 

in
 f

ru
it

s
 

(%
) 

K
 

c
o

n
te

n
t 

fr
u

it
 (

k
g

fe
d

-1
) 

T
o

ta
l 
 K

 u
p

ta
k
e
 

s
h

o
o

t 
+

fr
u

it
 (

k
g

fe
d

- 1
) 

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 4.44 0.315 6.66 11.10 0.99 45.82 3.00 63.42 109.24 

T7 0.090 4.43 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

-1
) resulted from the recommended dose of single NPK (T9), 

while the lowest value was (36.63 kg fed
-1

) 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 

Treatments 
N 

utilization 
rate (%) 

P 
utilization 
rate (%) 

K 
utilization 
rate (%) 

N 
utilization 
efficiency 

P 
utilization 
efficiency 

K 
utilization 
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) 

Irrigation and 
fertilizer 

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) available N decreased from 37 mgkg

-1
 before 

transplanting to 16 and 5.0 mgkg
-1

 after Tomato and Squash, respectively 
with the surface irrigation. While under drip irrigation the decreases were from 
37 to 30 and 5.9 mgkg

-1
 after tomato and squash, respectively. Under T2 

available N was decreased from 37 to 27.71 and 11.44 mgkg
-1

 after tomato 
and squash, respectively with surface irrigation. While under the drip irrigation 
available N increased from 37 to 70.77 mgkg

-1
 after tomato and  it was 

decreased to 9.99 mg kg
-1

 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

-1
. 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

-1
) and after squash (5.11 and 5.75 mgkg

-1
) 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
-1

 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

-1
) in soil after tomato, squash 

rotation. 

Treatments. 

N (mgkg
-1
) P (mgkg

-1
) K (mgkg

-1
) 

Surface 
irrigation 

Drip 
irrigation 

Surface 
irrigation 

Drip 
irrigation 

Surface 
irrigation 

Drip 
irrigation 

to
m

a
to

 

s
q

u
a

s
h

 

to
m

a
to

 

s
q

u
a

s
h

 

to
m

a
to

 

s
q

u
a

s
h

 

to
m

a
to

 

s
q

u
a

s
h

 

to
m

a
to

 

s
q

u
a

s
h

 

to
m

a
to

 

s
q

u
a

s
h

 

T1 16.8 5.00 30.00 5.90 5.00 2.40 5.00 4.16 200.14 164.30 207.80 199.80 

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 18.20 10.31 25.30 6.98 10.80 8.33 10.00 7.50 321.10 270.20 329.60 270.00 

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 

T5 19.01 5.77 41.25 12.15 9.17 6.30 9.17 5.00 252.13 205.70 408.30 276.17 

T6 24.98 5.02 47.23 14.74 8.60 5.33 10.30 6.30 236.24 197.30 468.39 331.90 

T7 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
 (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

-1
 under the drip 

irrigation after tomato and squash, respectively. While they were 1.34 and 
0.72 dSm

-1
 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

-1
 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. 

Treatments 

pH EC  dSm
-1
 

Mean Surface 
irrigation 

Drip 
irrigation 

Surface 
irrigation 

Drip 
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 7.17 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 7.12 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 7.17 7.14 1.37 0.65 2.55 1.88 1.61 

T8 7.13 7.13 7.18 7.17 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 1.93 1.72 

Mean 7.15 7.14 7.19 7.16 1.34 0.72 2.46 1.78  

- pH in 1: 2.5    Soil : Water suspention 
- EC dsm

-1
 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.  
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تحت  التربةجودة المركبة على تعاقب الطماطم والكوسة و الأسمدة بعضتقييم 
 نظم الري المختلفة

 2عبد الرحمن عبد الحليم و لمياء  2,  رمضان اسماعيل كنانى  1خالد حسن الحامدى
 مصر  -ة جامعة المنصور –كلية الزراعة  –اضى لارقسم ا -1
 مصر  - مركز البحوث الزراعية –معهد بحوث الاراضى والمياة والبيئة  -2

 

رصار ظا    –نفذت تجربتان  قليتتان  برعر اح رقااح وثبقازر وثعرو تاح بااظن رقن ااح خفار وث ات  
ب ااد وثاراانات تقاات نااات ر  ثدرواااح و اار ت نلااس وثخزاااح  2009ز 2008وثرزااارت  وثصااتفل زوثظرتفاال ث اانرل 

 ياال وثرقصااز  زخفاانسم وثتااارتد زجاازدم وثتربااح. قتاار نفااذت وثتجاانرس تقاات ااارز  زر اانر ت تااارتد رظتيفااح 
ناانرت  ريت وثلااا وثريتااتح  يال وثصزبح وثايختح زواتظدت تصارتت وثلااا وثرن الح  ال ورب اح رخارروت قتار  ا

خنتارز   -1 -ااا وث التح بتاا ح ر انر ت تاارتد زهال ثير  زهرن وثر  وثااقل زوثر  بنثتنلتا, خرن  اريت وثل
خاج  13.08+   خج  200ر  ولااردم وثنترزجتنته زوثفزافنتتح وثرفردم ) وثر د  وثرزصل به -2, )بدز  تارتد(

خاج  41.5+ خاج  از  13.08را  ولاااردم وثفزاافنتتح زوثبزتنااتح وثرفاردم ) هوثر د  وثرزصل ب - -3ثيفدو ( ,  ز
 20وضن ح وثاارند وثررخاس  -5بزتناتح وثرفردم , ر  ولااردم وثنترزجتنته زوث هوثر د  وثرزصل ب  -4ثيفدو (,  بز
وضان ح  -6نقان,,  –عنا   –رنجنتع  –% رنغنتاتزت +  ننصر صغر  قدتد 1+  بز  - ز   -   20 - 20 -

   20-20-20س وضان ح وثاارند وثررخا -7% رنغنتااتزت, 1باز +   - ز   -   20 - 20 - 20وثارند وثررخس 
را   باهوضن ح وثر اد  وثرزصال  -9بز ز  – ز  –   20 – 20 – 20وضن ح وثارند وثرظيزا   -8بز ,   - ز   -
بز واردم رنفردم. زتت عرو ح وثخزاح  يل نف, وثتصرتت بدز  تارتد و ترندو  يل وثتاث تر وثرتبلال را   – ز  –  

و ااال وثاار  وثااااقل و ياال  -1ثرتقصاا   يت اان  تراان تياال  وثااارند وثرضاان  ثياراانات. زترخاا  تيظااتا وثنتاانيج و
خااج / اادو  , زو ياال  2413.37خج/ اادو  , زو يال رقصااز  جاان   32178.3رقصاز   راانر ااانعم ثياراانات 

 ريزتاهخج / دو   يل وثتزوثل( زو يل نابح  6.2%, 0.257زرقتز  وثفزافزر  ل وث رنر ) فزرنابه رؤتح ثيفزا
%( زو ياال خفاانسم واااتظدوت وثااارند وثرضاان  ثخاا  راا  2.7,  0.9زوث راانر ) ثيبزتناااتزت  اال وثرجراازر وثظضاار 

 10202.67. زو يل رقصز  ث رانر وثخزااح (622.1)زوثبزتناتزت(814.0)زوثفزافزر (155.5) ،وثنترزجت 
و ااال وثاار  باانثتنلتا و ياال نااابه رؤتااح ثينتاارزجت   اال وثرجراازر وثظضاار  زوث راانر ثياراانات  - 2. خج/ اادو 
بصااافح  نراااح وثااار  وثاااااقل ود  وثااال نلاااا خااا  رااا  وثنتااارزجت   -3 %  يااال وثتااازوثل. 0.912,  0.602

و اات  -4 زوثبزتناتزت وثرتار  ل وثتربح ب د عرو ح وثخزاح بتنرن عود وثفزافزر وثرتار بنثرلنرناح لبا  وثعرو اح.
ر  % رنغنتاااتزت +  ننصاار صااغ1بااز +   - ااز   -   20-20-20وضاان ح وثااارند وثررخااس ) 5 وثر نريااح رلاات

خج/ ااادو  زو يااال ناااابح رؤتاااح  31105.2و يااال رقصاااز   رااانر ارااانات  نقااان,( –عنااا   –رنجنتاااع  –قدتاااد 
% زو يال خفانسم لاااتظدوت وثاارند وثرضان  ثينتارزجت  زوثفزاافزر 0.0677ثينترزجت   ل وثرجرزر وثظضار  

و ياال  رنفااردم(بااز واااردم  – ااز  –وضاان ح وثر ااد  وثرزصاال بااه راا    ) 9و ااات وثر نريااح رلاات  -5زوثبزتناااتزت.
 زوثفزاااااااااافزر (27.42) زر اااااااااد  ورتصااااااااانا وثاااااااااارند ثينتااااااااارزجت  134.38 ورتصااااااااانا ثيبزتنااااااااااتزت

 .(195.5(زوثبزتناتزت ) 27.63)
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