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ABSTRACT

This study was conducted on a sandy loamy soil at Giza, Egypt, in December 2002 
and 2003 to investigate the interactive effect of Zn and different nitrogen sources, i.e., 
mineral nitrogen (ammonium sulfate) and organic nitrogen (poultry manure) on the 
growth and productivity of onion (Allium cepa) cv. Giza 20. Four levels of Zn 
application (0, 1, 2 and 3 ppm) in a sulfate form were foliar sprayed at 30 and 60 days 
after planting. Within each Zn application, three treatments of nitrogen dose were 
applied in different combination forms (mineral and organic sources). Nitrogen 
treatments were 100% mineral N; 75% mineral + 25% organic and 50% mineral + 50% 
organic. Organic-N source was poultry manure. All poultry manure treatments were 
applied during soil preparation. Data showed that all growth parameters of onion plants 
increased as the fraction of poultry manure increased. Zn had also a positive effect on 
all plant parameters except of plant length, and leaf dry weight. The interactive effect of 
Zn and poultry manure increased yield and quality of onion bulbs. The most effective 
treatments on bulb fresh weight, total yield and quality were the spraying with 1 or 2 
ppm zinc and the application of N as 75% mineral and 25% organic, in both seasons.

Keywords: Allium cepa, Onion, Poultry manure, Zn, N-sources

INTRODUCTION

The demand for onion crop is 
growing worldwide with a trading 
amount reaching up to 4,788,235 tones 
having a value of 1,331 billion US-dollars 
of which Egypt exported 32 thousand 
tones with a value of 33 million US-
dollars (FAO, 2004). Because of this 
importance, expansion of onion 
cultivation is taking place in the new 
reclaimed lands in Egypt. However, 
reclaimed lands have many problems 

such as poor structure and nutrient 
deficiency in particular micronutrients. 
Zinc is a very important micronutrient, 
which plays important roles in creation of 
many enzymes in plants that are 
responsible for driving many metabolic 
reactions in the synthesis of proteins. 
Growth and development would stop if 
these specific enzymes were not present 
in plant tissue (Joiner, 1983; Jones, 
1983; Resh, 1983 and Bergman, 1985). 

Effect of different application 
methods of Zn on onion crop was 



863
Arab Univ. J. Agric. Sci., Ain Shams Univ., Cairo, 13(3), 863-875, 2005

1- Vegetable Research Department, National Research Center, Dokki, Cairo, Egypt

(Received April 19, 2005)
(Accepted May 16, 2005)

previously reported (Weaver, 1985; 
Khan and Weaver, 1989). Although 
absorption of Zn from nutrient solution 
was more efficient than from soil 
(Weaver, 1985), foliar application of 
Zn was even more effective than 
application to the root environment 
(Khan and Weaver, 1989). 

The effect of Zn on growth and yield 
of onion has been widely investigated. 
Sprays of Zn were effective for 
increasing all the growth parameters of 
onion (Singh & Tiwari, 1995 and 
Kumar et al 1998 & 2000). Also, yield 
of onion responded positively to foliar 
sprays with ZnSO4 (Brouwer et al 
1981; Gupta, 1991; Pena et al 1999; 
Sliman et al 1999 and Kumar et al 1998 
& 2000).
Improving growth and productivity of 
onion in the newly reclaimed lands may 
be achieved by applying organic matter to 
the soil. The positive effects of organic 
matter on production have been 
extensively investigated (Giardini et al 
1992; Kropisz, 1992 and Vinay et al 
1995). More recently, Gupta et al (1999) 
and Abbey (2000) revealed that organic 
manure along with mineral fertilizers 
were effective in increasing the growth, 
yield and quality contributing characters. 
Poultry manure has long been recognized 
as the most desirable of natural fertilizers 
because of its high nitrogen content and 
other essential plant nutrients and serve 
as a soil amendment by adding organic 
matter (Sloan et al 1996). 
The effect of soil organic matter content 
on the availability of Zn has been 
discussed in the literature. Soil organic 

matter amendments influence the 
availability of micronutrients to plants by 
forming fulvic acid during 
decomposition. By complexation with 
fulvic acid, Zn availability may be 
increased in soils under aerated 
conditions (Tagwira et al 1992). 
Recent research on sandy soils indicates 
that the response to Zn can occur when 
high yields are grown on sandy soils with 
a low organic matter content (Rehm and 
Schmitt, 2000). 
Therefore the aim of this study was to 
investigate the interactive effect of 
different levels of poultry manure and 
foliar zinc applications on the growth and 
productivity of onion.

MATERIAL  AND METHODS

This study was conducted on a sandy 
clay loam soil at Kafr Hakim village, 
Giza, Egypt in December 2002 and 
2003.Soil sample was collected from 
surface 20cm layer. The soil was air-
dried, and sieved through 2mm sieve .The 
main physical and chemical properties are 
shown in Table 1 (a and b). Each 
experimental plot was 4 x 6 m contained 
10 rows each of 4m long and 50cm width. 
The outside rows of each plot were 
considered as boarders. The center two 
rows of each plot were used for plant 

sampling. Onion (Allium cepa) cv. Giza 
20 was transplanted on both sides of rows 
at 7-8 cm with in-row (38 plant m-2) in 
December 2002 and 2003. Onion was 
surface-irrigated during the growing 
season.
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Four levels of Zn application (0, 1, 2 
and 3 ppm) in a sulfate form were foliary 
sprayed. The foliar applications were 
carried out at 30 and 60 days after 
transplanting. Within each Zn treatment, 
three poultry fertilizer rates (0.0, 15.0 and 

30.0 m3 ha-1) were established. The 
analysis of the used poultry manure in 
this experiment is shown in Table 1 (c). 
The total dose of applied nitrogen was the 
same for all treatments and as 
recommended by the ministry of 
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Table 1a. Saturation percentage, particle size distribution, textural class,organic matter, 
and calcium carbonate percentage of the  studied soil profile  collected from 
Kafr Hakim . 

Depth
(cm) Particle size distribution (%) Textural

Class
O.M

% CaCO3%

Coarse 
sand

Fine 
sand

 
Silt Clay

0---20 19.4 39.8 8.00 32.8 Sandy clay loam 1.7 2.3

20--40 41.7 43.6 6.7 8.00 Loamy sand 0.6 1.2

Table 1b. chemical analysis of the  studied soil profile  collected from Kafr Hakim

Sample
No.

Depth
(cm) pH EC

ds/m Soluble cations (meq/L) Soluble anions (meq/L)

Ca++ Mg++ Na+ K+ CO3
= HCO3

- Cl- SO4
=

1 00-20 7.11 1.4 3.7 2.8 7.4 0.1 --- 4.1 5.8 4.1

2 20-40 7.23 0.93 2.7 1.3 5.2 0.1 ---- 3.6 4.0 1.7

Table (1c) Chemical analysis of poultry manure.

p H O.M
%

C 
%

N 
%

P
% K % Ca % Mg 

%
Na 
%

Fe 
%

Zn 
(ppm)

Cu 
pp
m

7.5 45.6 36.
9 3.1 0.183 2.25 1.19 0.52 0.32 0.13 523 387

Agriculture in Egypt (250 Kg N/ha.). 
However, this rate of nitrogen was 
established from the organic and mineral 
sources according to the experimental 
treatments, which were as follows:

1. 100% mineral nitrogen (Recom-
mended dose) as control.

2. 75% mineral N dose + 25% 
Equivalent organic nitrogen (15 m3 
poultry manure)

3. 50% mineral N dose + 50% Equi-
valent organic nitrogen (30 m3 

poultry manure)
All the calculated amounts of poultry 

manure were applied during soil 
preparation. The mineral nitrogen 
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fertilizer dose was split and applied to the 
soil 30 and 70 days after transplanting. 
Cultural operations other than 
experimental treatments were carried out 
according to the recommendations of 
Extension Services Department, Ministry 
of Agriculture, Egypt.

Plant lengths, number of leaves, fresh 
and dry weights of leaves were recorded 
at 80 days after planting. Onion samples 
were collected at harvest time, i.e., two 
rows, 2 m long, was harvested from each 
plot where, bulb diameter and thickness 
of neck were determined. The onion bulbs 
were weighted to determine fresh weight 
then dried at 60°C to determine DM 
content. Total yield were recorded and 
calculated as (ton/ha). 

Chemical analysis of nitrogen and 
zinc in plant leaves (80 days after 
transplanting) was determined according 
to Black (1965) and Chapman and 
Pratt (1961) respectively.

A split plot design was used and the 
analysis of variance procedures were 
conducted using SAS statistical 

procedures (SAS Inst., 1991). All 
differences discussed are significant at the 
P 0.05 probability level unless otherwise 

stated. LSD was calculated only when the 
analysis-of-variance F-test was 
significant at the P 0.05 probability level. 
Linear regression analyses using data of 
the two seasons were carried out in order 
to find any possible correlation between 
different experimental factors and 
recorded parameters.   

RESULTS

Vegetative growth

Effect of Zn foliar application

Plant length did not show any 
significant difference in response to Zn 
application Table 2 (a and b). The 
regression analysis showed also no 
correlation to Zn application (Table 3). 
The effect was more pronounced on leaf 
number, which showed a significant 
increment in response to all Zn 
applications compared to control. The 
response rate was also clear to the 
application rate of Zn. Leaf fresh weight 
responded positively to Zn application up 
to 2.0 ppm. However, application of Zn 
in concentration of 3.0 ppm was not 
significantly different than control. On 
the other hand, leaf dry weight was not 
significantly different in all Zn 
treatments.

Effect of poultry manure

Onion plants responded to nitrogen 
source treatments added in the form of 
poultry manure as shown in Tables (2a 
and b). There was a linear and significant 
increment in plant length in response to 
increasing the fraction of organic nitrogen 
source. The rate of response expressed as 
the slope of regression line, was very 
related to the amount of poultry manure 
applied to the crop (R2 = 0.86) (Table 3). 
Number of leaves per plant showed 
similar positive trend to the amount of 
poultry manure applied with high 
correlation however in a slower rate. Leaf 
fresh weight increased significantly in 
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response to poultry manure application 
compared to control treatment. However, 
plants receiving low poultry manure were 
significantly lower than those receiving 
high poultry manure. Linear regression 
showed a fair relationship (R2 = 0.55) 
between leaf fresh weight and poultry 
manure application. Leaf dry weight 
showed a very clear significant response 
to poultry manure treatments with a very 
strong correlation however the rate of 
response was very low. 

Interaction effect of poultry manure 
and Foliar Zn applications

Plant length responded positively to 
the interaction effect of poultry manure 
and Zn rate applications as shown in 
Tables (2a and b). Zn foliar application at 
1.0-ppm concentration with the highest 
amount of poultry manure showed the 
highest effect on plant length compared 
to control. All combinations (Zn + 
poultry manure) of treatments 
significantly increased number of leaves 
per plant. Leaf fresh weight significantly 
increased in response to the interactive 
effect of the two experimental factors 
with exception of high poultry manure 
with null Zn and null poultry manure with 
1ppm Zn treatments. Only in the first 
season, treatment of null poultry manure 
with 3 ppm Zn application was 
significantly lower than control. Leaf dry 
weight responded differently where the 
highest responses were recorded with the 
low and high poultry manure additions 
associated with 1, 2 and 3 ppm Zn foliar 
applications and were significantly higher 
than control.

Yield

Effect of Zn foliar application

Effect of Zn application on individual 
bulb fresh weight was positive compared 
to control (0.0 ppm Zn), Table (2 a and 
b). This was reflected on total yield, 
which is a function of individual bulb 
fresh weight and number of plants per 
hectare.  Bulb dry weight responded 
positively to Zn application however, the 
response to 3 ppm application was 
smaller compared to 1 and 2 ppm 
application but still significant than 
control treatment. No linear relationship 
could be found between the applied 
concentrations of Zn and any of bulb 
fresh and dry weights and total yield.
Effect of poultry manure

Table (2a and b) shows that addition 
of low (25%) or high (50%) poultry 
manure amounts positively influenced 
bulb fresh weight compared to null 
addition. Low poultry manure treatment 
was significantly higher than high poultry 
manure treatment. Bulb dry weight 
showed the same positive response to the 
addition of poultry manure however this 
response was linear with rates of poultry 
manure addition (Table 3). Total yield 
was a reflection of individual bulb fresh 
weight and showed a similar response. 

Effect of interaction of poultry manure 
and Zn applications

With no exception all combinations of 
poultry manure and Zn application 
treatments showed a positive and 
significant effect on fresh weight of 
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individual bulbs (Table 2a and b). Total 
bulb yield was significantly higher in all 
treatments compared to control. The most 
effective treatments on bulb fresh weight 
and total yield were the spraying with 1 
or 2 ppm zinc and the application of  N as 
75% mineral and 25% organic, in both 
seasons.

Bulb quality

Effect of Zn foliar application

Application of Zn resulted in linear 
response of bulb diameter to the applied 
concentration (Tables 2a&b and 3). 
However, difference between 2 and 3-
ppm Zn application was not significant. 
The effect of Zn application on neck 
thickness was clear with 2 and 3 ppm Zn 
concentration treatments where it was 
significantly reduced (Tables 2,3). Dry 
matter content of bulbs was increased 
significantly with 1 and 2 ppm Zn 
applications however 3 ppm did not differ 
significantly than the control.

Effect of poultry manure

Diameter of bulbs and neck thickness 
responded positively and significantly to 
the application of poultry manure 
treatments (Tables 2a and b). Similarly, 
poultry manure applications increased 
linearly the dry matter content of the 
bulbs (Table 3). 

Effect of interaction

There was a positive response of bulb 
diameter to both factors where this 
character increased as both factors 
increased (Tables 2a and b). The foliar 

spray of Zn at 3.0 ppm along with the 
application of N as 75% mineral and 25% 
organic was the best treatment in both 
seasons.

Bulb neck thickness showed a 
significant difference compared to control 
treatment where all treatments resulted in 
smaller neck thickness. All combination 
of treatments significantly increased dry 
matter content compared to control with 
exception of 3 ppm Zn with null poultry 
manure treatment.  

Mineral content

Effect of Zn foliar application

Nitrogen and Zn contents in the leaves 
was significantly affected by Zn foliar 
applications, total Zn content showed a 
clear positive and significant response to 
these treatments (Tables 2a and b).
Effect of poultry manure

Nitrogen and Zn contents in the leaves 
responded positively and linearly to the 
application of poultry manure treatments 
with all differences between treatments 
being significant (Tables 2 and 3). 

Effect of interaction

Nitrogen content in the leaves was 
significantly influenced by the interactive 
effect of the treatments (Table 2a and b). 
Only treatments with null poultry manure 
application associated with all Zn 
applications were not significantly 
different than control. Meanwhile there 
was a clear increment in the 
concentration of Zn in the leaves as the 
rate addition of Zn application and 
poultry manure was increased.
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DISCUSSION

The aim of this study was to 
contribute to the optimization of onion 
crop growth and production by improving 
root zone environment (addition of 
organic matter) with possible interaction 
with shoot environment (Zn foliar 
application). Zinc is one of the most 
limiting trace element in agriculture and 
deficiencies are common in alkaline and 
sandy soils (Sliman et al 1999). Zinc is 
required for photosynthesis (Sasaki et al 
1998) and hence root and shoot growth. 
This may explain the increment in the 
number of leaves associated with Zn 
foliar application in this study. The same 
result was previously reported by Singh 
& Tiwari (1995) and Meena & Singh 
(1998) where foliar application of Zn had 
a positive effect on all plant vegetative 
growth. This effect may come from the 
fact that
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Zn is involved in so many plant enzymes 
specially those in the photosynthesis 
process (Sasaki et al 1998), which means 
that deficiency greatly affects DM 
production (Joiner, 1983; Jones, 1983; 
Resh, 1983; Bergman, 1985 and Kumar 
et al 2000). Zinc is also essential for bulb 
formation, therefore early application is 
important. If zinc is low when bulbs are 
forming, yields will be significantly 
reduced (Kumar et al 2000). There was a 
positive relation between bulb yield and 
Zn foliar application in this study, which 
is in harmony with the findings of Meena 
& Singh (1998) and Sliman et al (1999).

With the same number of plants per 
unit area, improvement in yield must 
have come from the improvement in 
individual plant yield. This is what has 
been observed in this study due to Zn 
application. Therefore bulb quality in 
terms of average individual fresh weight 
was improved by Zn application due to 
improvement in photosynthesis (Sasaki 
et al 1998). This has been observed 
before as a result of applying Zn (Pena et 
al 1999) and poultry manure (Gupta et al 
1999 and Abbey, 2000).

Soil organic matter content may help 
in improving the availability of 
micronutrient, including Zn, by forming 
complexes with them (Tagwira et al 
1992). Moreover, occasional manure 
applications will supply the zinc needs 
for plants (Whiting et al 2002). It must 
be also noted that the amount of Zn in 
the poultry manure as revealed by the 
chemical analysis (Table 1b) may 
have contributed to the observed 
growth effects in this study.

Poultry manure has organic-N, which 
is being slowly recycled by a process 
called mineralization, back into plant 
available N (Lampkin, 1990). This 

resulted in increment in plant growth 
parameters such as plant length and 
number of leaves, which showed a linear 
correlation with the amount of poultry 
manure added in this study. This has been 
previously reported as a result of adding 
poultry manure to onion crop (Gupta et 
al 1999). 

Increment in vegetative growth in 
current study may be due to increment in 
water availability in the soil, which may 
be brought about by increasing organic 
matter content. Increasing leaf number 
and length of the plant means increasing 
leaf area of the plant that intercepts light. 
This means higher rate of photosynthesis 
and production of assimilates. Higher 
water availability and assimilate 
production means higher fresh and dry 
weights of the leaves and that what have 
been observed in this study. Kumar et al 
(1998 and 2000) found that yield of 
onion was positively correlated with plant 
length, number of leaves per plant, fresh 
weight of leaves per plant and this is in 
harmony with our results.

The observed high Zn content in the 
leaves can be explained on the basis that 
all sprayed Zn salt was not completely 
absorbed and translocated to different 
plant parts. This is supported by the 
findings of Ferrandon and Chamel 
(1988) who mentioned that Zn applied 
either in chelated or in the sulfate-salt 
form, an extensive fixation by cuticle 
occurred at the point of application. They 
added that foliar absorption of this 
element was lower from chelates than 
from the inorganic salt, but the 
translocation within the plant was greater 
when chelated forms were applied. 
Sliman et al (1999) mentioned that foliar 
spray treatments of ZnSO4 increased Zn 
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concentration to its highest concentration 
and content. 

CONCLUSION

It could be concluded that under 
experimental conditions, substituting part 
of the nitrogen mineral fertilizer with 
equivalent organic fertilizer along with 
Zn foliar application can improve onion 
crop production and quality. This will 
contribute to environmental saving by 
reducing the application of mineral N 
fertilizer hence reducing the fraction of 
these fertilizer that being leached to the 
under ground water.
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-863 ،(3)13 ، ةرهاقلا ،سمش نيع ةعماج ،ةيعارزلا ثوحبلاو تاساردلل ةيبرعلا تاعماجلا داحتا ةلجم
875، 2005

 ةدوج ىلع نيجورتينلا نم ةفلتخم رداصمو كنزلا نم لكل ىلعافتلا ريثأتلا
لصبلا لوصحمو

]57[
 دجامو -1ناملس بجر ريمس -1 نيسح وبا ىقوسد نابعش -1دوجوملا دبع بجر دوجوملا دبع

1 رمنلا زيزعلا دبع
1. رصم -ةرهاقلا -ىقدلا -ثوحبلل ىموقلا زكرملا-رضخلا ثوحب مسق

هذه تيرجأ  ةبرت ىـف ةساردلا 
 ىماعل ربمسيد رهش لالخ ةيلمر ةييمط
 كلذو ةزيجلا ةظفاحمب 2002-2003
 كنزلا نم لكل ىلعافتلا ريثأتلا ةساردل
 ومن ىلع ةفلتخم نيجورتين رداصمو
 دقو .20 ةزيح فنص لصبلا ةدوجو
 0) كنزلا نم تايوتسم ةعبرا مدختسا
 ىف ( نويلملا ىف ءزج 3و 2، 1 ،
 ىلع اهشر مت كنز تافلس ةروص
 نم موـي 60 و 30 دنع تاتابنلا
 ةفاضا مت دقو .تالـتشلا ةعارز
 ةروص ىف نيجورتينلا تالماعم
 ةروصو (موينوما تافلس) ةيندعم
 .(نجاود داـمس)  ةيوضع

 ىندعم % 100  تالماعملا تناكو
 و  ىوضع %25 + ىندعم 75% ،
 دقو ىوضع %50 + ىندعم % 50
ةفاضإ مت

 لالخ ىوضعلا دامسلا تايوتسم عيمج
    .ةعارزلل ةبرتلا دادعا

 تاسايق عيمج نا جئاتنلا تنيب دقو
 ةدايزب تداز دق لصبلا تاتابنل ومنلا
 نا امك .ىوضعلا دامسلا ةفاضا لدعم
 ىلع بجوم ريثات ىطعا كنزلا ةفاضا
 و تابنلا لوط ادع اميف تابنلا ومن
 ريثأتلا ناكو .قاروألل فاجلا نزولا
 ريثأت اذ نجاودلا دامسو كنزلل ىلعافتلا
 ةدوجو لوصحملا ةدايز ىلع ىباجيا
.لاصبالا

 ىلع اريثأت تالماعملا رثكا تناكو
 لوصحملاو لاصبالل جزاطلا نزولا
 تاتابنلا تشر امدنع ةدوجلاو ىلكلا
 كنز نويلملا ىف ءزج 2 – 1 زيكرتب
 ىندعملا نيجورتينلا نم %75 ةفاضاو
 الك ىف ىوضع نيجورتين %25 عم
.نيمسوملا
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