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ABSTRACT 
 
 Three field experiments were carried out at three locations (Byalla, Kafr El-
Sheikh and El-Hamol) which represent three levels of soil salinity: low level; moderate 
level and high level, respectively, at Kafr El-Sheikh Governorate, during the two 
consecutive growing seasons, 1999/2000 and 2000/2001 to study the response of 
barley plants to foliar application of Zn, Mn and Fe and their combinations. 
 The obtained results could be summarized as follows: 
 Grain yield of barley plants was increased by foliar fertilization with 
micronutrients compared with no micronutrients addition. At low soil salinity level, the 
highest significant value of grain and straw yields were obtained when Zn, Zn + Mn 
and Zn + Fe were applied respectively.  

At moderate soil salinity level, foliar application of Mn and Zn gave 
significant higher grain and straw yield respectively. At high level of soil salinity; the 
yield of grain and straw yields were positively affected by Zn + Fe application. All 
applied treatments decreased chlorophyll a & b and carotenoids contents in leaves 
except the mixture of (Zn + Fe + Mn) gave highest increase. Also the mixture of (Zn + 
Fe + Mn) gave the highest value of nitrogen and protein contents in leaves and 
kernels. All available macro and micronutrients concentrations in soil were slightly 
affected with micronutrients. Foliar fertilization of micronutrients improves root and 
shoot growth and promotes nutrients uptake. foliar fertilization of barley plants grown 
under saline conditions may help to overcomes disturbances in nutrients uptake and 
translocation caused by salinity. 
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INTRODUCTION 

 
 Barley (Hordeum vulgar L.) is considered one of the most important 
cereal crops in the world being used for many purposes such as malting and 
brewing industry, animal feeding, bread making as is or by mixing with wheat 
flour in some places, some human food and beverages and many other uses. 
In Egypt, the cultivated soils represent about 2.5% of the total area of the 
country (El-Tobgy, 1976). In this respect, the soils of Kafr El-Sheikh are 
affected  widely with salinity hazard. 
 To utilize these saline soils, it is logically to look for cultivating those 
crops which have the ability to tolerate salinity either in irrigation water and/or 
in the soil. Barley (Hordeum vulgare L.) is more tolerant to salinity stress than 
many other field crops and could be grown after the reclamation of saline soils 
(Anderson and Reinbergs, 1985). Micronutrient deficiency is one of the 
factors that affect barley production. Before the construction of the Aswan 
High Dam, there was no acquit problem concerning the application of the 
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micro nutrient elements for the field crop that was mainly due to the Nile mud 
which used to supply the soil annually with appreciable amount of these 
elements (Ashour, 1974). 
 Currently, some problems appeared due to the deficiency of some 
micronutrient elements. From the analytical point of view, the most deficient 
micronutrients are Zn, Fe and Mn (El-Fouly, 1983). He also reported that 
Egyptian soils are characterized with high pH and low organic matter. Such 
properties reduced the availability of micronutrients to crops. (Sillanpää, 1982 
and El-Fouly et al., 1983). (El-Sayed et al., 1996, Abdon et al., 1971). 
 Many workers had confirmed the importance of macro and micro 
elements to the normal growth yield and quality of barley (Abd El-Hadi et al., 
1987, Abd El-Hadi, 1993, Amin et al., 1998, El-Fouly, 1993 and El-Fouly and 
Fawzi, 1996. Glelah et al., 1992, Mohamed, 1990). 
 Micronutrients had a major role of enzymes activation which involved 
in photosynthesis and respiration of plant. Some micronutrients are important 
for development of new leaves and meristems and also sugar translocation 
from leaves to all organs of plant. 
 The objective of the current study was to investigate the response of 
barley to foliar application of the micronutrient elements: Zn, Fe and Mn under 
different levels of soil salinity. 

 

MATERIALS AND METHODS  
 
 Field studies were conducted in three locations at Kafr El-Sheikh 
Governorate, which different levels of salinity to study the effect of foliar 
application of Zn, Fe and/or Mn and their combinations on yield and quality of 
barley. The three locations varied in soil salinity (Table 1). 
 Some chemical and physical characteristics of the three locations are 
shown in Table (1). The experimental design in each location was complete 
randomized block with four replicates. 
The experiment was included eight treatments in each location as follows: 
1. (Control) solution. 
2.  Zn (as ZnSO4 1.5%). 
3.  Mn (as MnSO4 solution 2%). 
4.  Fe (as FeSO4 solution 3%). 
5.  Zn + Mn. 
6.  Zn + Fe. 
7.  Mn + Fe. 
8.  Zn + Mn + Fe. 
 Barley (Giza 123 cultivar) was sown on 30th November during 
1999/2000 and 2000/2001 seasons. 
 Microelements were sprayed twice: After 50 and 75 days from 
planting. All the treatments received 45 kg N/fed. (as urea 46.5 % N) splitted 
at the rate of 200 liter/fed. into equal doses, half dose before the fist irrigation 
and the rest dose before the second one, 15 kg P2O5/fed.  
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As super phosphate 15.5% P2O5) was used at seed bed preparation and 24 
kg K2O/fed. (as potassium sulphate 48% K2O) splitted in one dose after 35 
days after planting. 
 Other agricultural practices were followed as recommended for barley 
cultivation and local conditions of Kafr El-Sheikh Governorate. 
 Plant samples (flag leaves) were taken at the predicted maximum 
growth of barley (90 days from sowing) and prepared for chemical analysis. At 
harvest, soil samples at depth 0-45 cm and kernels and straw samples were 
taken and prepared for chemical analysis. Available N was extracted by 
K2SO4 5% and determined by microkjeldahl method (Page 1982). Available P, 
K and micronutrients were extracted by ammonium bicarbonate-DTPA 
(Soltanpout and Schwab, 1977) and measured by Atomic absorption 
spectrophotometer. Plant samples were digested using wet ashing technique 
as described by Chapman and Pratt (1961). P was determined 
colorimetrically according to the method described by Snell and Snell (1967), 
K was determined by flame photometer, total N was determined by 
microkjeldahl and micronutrients were determined by atomic absorption 
spectrophotometer. Both chlorophyll a & b and carotenoids were determined 
as described by Wettstein, (1957). The collected data were treated 
statistically according to Snedecor and Cochran (1980). 

 

RESULTS AND DISCUSSIONS 
 

Growth yield and yield components: 
 Data presented in Table (2) show that, in both seasons spraying 
barley plants with the different micronutrient solutions caused a significant 
increase in plant height (Pl. Ht.) compared to control.  
 The plants sprayed with individual Zn under high level of soil salinity 
(El-Hamol location) were much superior in height if compared with the other 
treated plants. The increases in plant height due to Zn application were 18.1 
and 19.4% over the control treatment in the first and second seasons, 
respectively. There were no significant difference between Zn application and 
other micronutrient elements and its combinations, except Fe elements and 
its combinations, except Fe element which gave the lowest value. 
 With respect to Kafr El-Sheikh locations, (moderate level of soil 
salinity) and Byalla location (low level of soil salinity) Zn application increased 
Pl. Ht. by 9, 8.9, 7.6 and 7.1% over the control treatment in the first and 
second seasons respectively. This increase may be due to the facts that Zn 
participates in the production of IAA which is essential for the elongation of 
the plants (Katyal and Randhawa, 1983). 
 Data in Table (2) indicate that at low, moderate and high level of soil 
salinity, grain, straw and biological yields of barley plants significantly 
increased by Zn and/or Fe application in the first seasons while 1000 kernel 
weight significantly increased with application of any treatments during the two 
growth seasons. These results are in harmony white those obtained by Hefni 
(1980), El-Sayed et al. (1996) and Abd El-Magid et al. (2000).  
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              The increase in grain, straw and 1000 kernel weight may be due to 
the fact that applying micronutrients delayed the senescence of barley plants 
through an increased the total dry matter accumulation and yield components 
(Garg, 1987). 

Pigments content: 
 Data presented in Table (3) show the amounts of chlorophyll a & b 
and carotenoids in barley leaves as affected by Zn, Mn and Fe. It is clear from 
such data that all applied treatments decreased chlorophyll a & b and 
carotenoids content except the mixture of (Zn + Mn + Fe) gave highest 
increase value compared to control in the two seasons. The obtained results 
are in harmony wit those found by Sharaf et al. (1984). 

Macro-nutrients content: 
 Data listed in Tables (4 & 5) show the effect of Zn, Mn and Fe on 
macro-nutrients content of barley plants and kernels. It is clear from such data 
that all applied treatments decreased nitrogen content in barley plants (Flage 
leaves) compared to control in the two seasons. The highest effect on 
nitrogen content was manifested by the plants treated with individual Zn. The 
mixture of (Zn + Mn + Fe) gave highest value of nitrogen if compared to other 
applied mixtures. But the data in Table (4) show the effect of Zn, Mn and Fe 
on the nitrogen content of barley kernels. It is clear from such data that all 
applied treatments increased  nitrogen and protein contents compared to 
control. The highest effect on nitrogen and protein contents under different 
levels of soil salinity was manifested by the plants treated with individual Zn. 
The mixture of (Zn + Mn + Fe) gave highest values of nitrogen and protein if 
compared to other mixtures. The increase in nitrogen content may be due to 
the effect of used micro-nutrients in the formation and/or the activity of the 
enzymes responsible for protein synthesis (Abdel-Aziz et al., 1986).  
 Data concern P content in Table (5) indicate that spraying barley 
plants with Zn, Mn and Fe individually or in mixtures significantly increased P 
content compared to control. The most favorable treatment in this respect 
was mixture of (Zn + Mn + Fe) in the two seasons. 
 As for K content, the results in Table (5) show that application of Zn, 
Mn and Fe significantly increased K content in the two seasons. The 
maximum value of K content was obtained by spraying barley plants with (Zn 
+ Fe ). The results concern the effect of micronutrients in N, P and K content 
are in harmony with those obtained by Sharaf et al. (1984) and El-Kholany 
and Hefni (1985). 

Micro-nutrients content: 
 Data of Zn, Mn and Fe contents of barley leaves are shown in Table 
(5) it is clear from such data that all applied treatments increased Zn content 
compared to control. The highest values of Zn were resulted by spraying 
plants with Zn as individual element and with (Zn + Mn + Fe) as mixture. As 
for Fe content, the best effect in this connection was obtained by spraying 
barley plants with Fe followed by spraying with mixture (Zn + Mn + Fe). 
Regarding Mn content, it is clear from the results that foliar application 
accumulated high amount of Mn. Other applied treatments showed slight 
increase in Mn content compared to control.  
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           The increase in micro-nutrients content by the different treatments 
could be attributed to stimulating effect of these treatments on root growth 
and nutrient uptake. these results are in agreement with those obtained by El-
Kholany and Hefni (1985) and Khand and Thakur (1991). 

Nutrient status of the soil: 
 Data in Table (5) show that soil pH was not affected with 
micronutrients application. While, N and P slightly affected El-Hamol location 
(high level of soil salinity). Available K decreased with micronutrient elements 
application. 
 Micronutrients application led to slightly increase in the amounts of 
available Zn and Mn under different levels of soil salinity whereas, Fe slightly 
decreased under moderate and high level of soil salinity. 
 Finally, it could be concluded that, barley crop needs micronutrients 
foliar application, specially Zn under high and low levels of soil salinity, while 
application of Mn is recommended for moderate level of soil salinity due to the 
lower Mn content of this studied soil. 
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استتابة م صولتتلش ار تترش  رعتت ل  تت را ارريةلتت  ارصتحشتتم ارلتتت   اوتت   تت ل  

 الأ اضى ارصاأث ة  ةلأصلاح
 ع دارصبشد أ ل ارصرةطى ع دارصبشد

ص كز ار ولث ارز اعشم ـ اربشزه  -قسم  ولث اتحشم اري ةاة  ـ صرهد  ولث الأ اضى لارصشةه ار شئم 

 ـ صل 
 

ملا،لا1999/2000متتثلاثتتجالاب تتليةلافى يتت لارتتزلاثتتجالاميكفتتللايمفلر تت لاف يك  تتي لارتتزلام  تتمزلاأقي 
ملا ديك  لامدىلاإ ب لي لامفص للاك  عييلا  يشلايمفل يتللايعتالاك عصلصتيلاك مة يت لاك صتةيىلا  تزلا2000/2001

  تكلالا أثتيلا%3،لالا%2،لالا%1.5ك لصكلا،لاك مص صيللا،لاك فديدلا مخ  طلا  هلاك عصلصيلارزلاص يةلامخ يي لايبيفيلكثلا
زلارتك  ىلابملاليكعبهلارزلاثجالام كقت لابخب ت لالا123فمي لاك مفص للا   دةلاك في ةلا مفص للاك  عييلا يلهلالاع ز

ثتتللام تتب يلثلام  فتت لاك بييتت لافيتتالام قتت لايتتيجلاميمثتتللام تتب ىلامتتصخ الارتتزلام  فتت لاك بييتت  لا م قتت لاف يك  تتي لاميم
لا.م ب ىلامب  طلارزلام  ف لاك بييه لا م ق لاك فلم للاميمثللام ب ىلاميب  لارزلام  ف لاك بييه 

 لااعخص ارياةئج فشصة شعى:
صيلبلثلاك  عييلاك بزلابتملاي ت للايتمىلامتعلاك عصلصتيلاك ثجثت لاك لصتكلا،لاك مص صيتللا،لاك فديتدلايصت يةلامص تيدةلاأ لارتزلالا 1

بملالا ط للاك بزكص يةلامخل يط للافلصثلاك صيلبلثلاأفثيلاط لالامعلاك صيلبلثلاك ةييلامعلم  لا قدلاب  قثلاك صيلبلثلارزلا
لاثلاكلأخيىلا خلص لاعصدلاك م ب ىلاك مصخ الارزلام  ف لاك بييه.ي  للايعصصيلاك لصكلاععلايلقزلاك معلمج

 يةلاك يشلايفللامعلاك عصلصيلاك مة ي لاك لصكلا ك مص صيللا ك فديدلابتمثييكلارتزلاليتلدةلا لعلاك فيت ةلارتزلاك  تصي  لالا 2
لا ف  كلا لعلاكلأ  لافيهلاممللاأدىلاإ زلاليلدةلافمي لامفص للاك في ة.

فديتد لا ت كملامص تيدةلاأ لارتزلاصت يةلامخ ت طلاإ تزلاليتلدةلاأدىلاك يشلايفللامعلاك عصلصيلامك لصكلا،لاك مص صيتللا،لاك لا 3
مفبتت ىلاك فيتت ةلامتتعلاك صيبتتي  يعلا ك يتتي بيعلا فتت  كلاليتتلدةلامفبتت ىلاكلأ يك لامتتعلا تت هلاك عصلصتتيلا خلصتت لا

لاك صيلبلثلاك مصليع لابفثلام ب ىلاميب  لارزلام  ف لاك بييه.
لأ يك لامتتعلاك عصلصتتيلاأدىلاك تتبخدكملاك عصلصتتيلاك مة يتت لامك لصتتكلا،لاك مص يصتتللا،لاك فديتتد لاإ تتزلاليتتلدةلامفبتت ىلاكلا 4

لاك صةيىلا  فعلا ملاببمثيلامفب ىلاكلأ يك لامعلاك صيبي  يعلا ك      يلا ك ي بل ي م.
لاصىصلامفب ىلاكلأ يك لامعلاك ف  ي ريللاألا،لاةلا ك فلي بيصلثلاصبي  لاك يشلايل عصلصيلاك مة ي لاك صةيى.لا 5
ي تت لاك تتيشلايل عصلصتتيلاأ ضتتفثلاك صبتتلن لاأعلاك صيبتتي  يعلا ك ي بل تتي ملا ك    تت  يلاك مي تتيلارتتزلاك بييتتهلالكدلاصبلا 6

 تيشلايته لاأدىلاكك ثجث لامك لصكلا،لاك مص صيللا،لاك فديد لاملعدكلام ق لاك فلم للامك م ب ىلاك ميب  لارزلام  فت لاك بي
لايل عصلصيلاك صةيىلاإ زلاإصخ لالاك ي بل ي ملاك مي يلارزلاك بييه.

 يلايل بييهلاأدىلاك بخدكملاك عصلصيلاك صةيىلاإ زلاليلدةلابيفيللافللامعلاعصصيلاك لصكلا،لاك مص صيللا،لاك فديدلاك مي  7
رتتزلافتتللامتتعلامتت قعزلاف يك  تتي لا،لايتتيجلاييصمتتللارتتزلام قتت لاك فتتلم للامك م تتب ىلاك ميب تت لارتتزلام  فتت لاك بييتته لاقتتدلا

لاإصخ الابيفيللاك فديدلاك مي يلايل بييهلاصبي  لاك يشلايل عصلصيلاك صةيى.
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    Table (1): Some physical and chemical characteristics of the soil in the three experimental area at soil depth of     

0-45 cm during the 1st and 2nd season. 

Locations 

Water table 

(cm) at 

pH 

(1: 2.5) 

ECe 

dSm-1 

Soil  

Texture  

Available macro-and micronutrients (ppm)* 

N** P K Zn Mn Fe 

1st  2nd  1st  2nd  1st  2nd   1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  

Byalla 

Kafr El-Sheikh 

El-Hamol 

117 

115 

95 

115 

110 

89 

7.85 

7.95 

8.68 

7.97 

8.12 

8.29 

3.04 

4.42 

9.35 

3.11 

4.73 

9.82 

Clay loam 

Clay 

Heavy clay  

125.6 

105.8 

85.7 

113.0 

101.5 

76.8 

2.65 

3.74 

4.15 

2.46 

3.52 

4.10 

254 

324 

478 

235 

312 

451 

0.28 

0.52 

0.43 

0.21 

0.45 

0.38 

1.78 

1.15 

1.69 

1.72 

1.10 

1.43 

2.32 

2.35 

1.84 

2.13 

2.10 

1.62 

* Micronutrients, P and K were extracted by Amm. bicarbonate DTPA (Soltanpour and Schwab, 1977) 

** Available N was extracted by potassium sulphate 5% (Page, 1982) 

1st = First season 1999/2000 

2nd = Second season 2000/2001 
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Table (2): Effect of foliar application of Zn, Mn and Fe on means of growth and yield characteristics of barley 

growth at three levels of soil salinity at Kafr El-Sheikh Governorate during the 1st and 2nd seasons. 

Treatments 

Pl. Ht. BY GY SY 1000 kernel weight (gm) 

1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  

Byalla location 

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn + Mn + Fe 

92.1 
99.1 
89.3 
87.2 
93.3 
90.2 
94.5 
93.1 

91.3 
97.8 
86.9 
85.8 
92.2 
88.3 
92.4 
92.3 

13.65 
15.20 
14.75 
14.80 
15.00 
14.70 
14.95 
15.10 

12.83 
13.96 
13.65 
13.82 
14.42 
13.60 
14.21 
14.40 

5.60 
6.75 
5.95 
6.10 
6.20 
5.95 
6.30 
6.45 

4.98 
5.80 
5.20 
5.52 
5.80 
5.20 
6.01 
6.25 

8.05 
8.45 
8.80 
8.70 
8.80 
8.75 
8.65 
8.65 

7.85 
8.16 
8.45 
8.30 
8.62 
8.40 
8.20 
8.15 

53.65 
62.15 
58.70 
59.65 
61.15 
59.85 
61.20 
61.90 

52.10 
61.50 
57.95 
58.46 
60.30 
57.90 
59.70 
59.85 

L.S.D. 5% 1.22 1.27 1.33 0.18 1.25 

 Kafr El-Sheikh location  

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn + Mn + Fe 

86.4 
94.2 
88.1 
87.7 
92.8 
89.3 
91.5 
90.3 

85.1 
92.7 
86.6 
86.1 
90.7 
87.1 
90.3 
88.4 

12.10 
13.85 
12.95 
13.20 
13.54 
13.10 
13.45 
13.60 

10.97 
12.60 
11.80 
11.97 
12.20 
12.01 
12.40 
12.67 

3.95 
5.20 
4.60 
4.75 
4.95 
4.80 
4.95 
5.15 

3.32 
4.65 
4.10 
4.25 
4.42 
4.35 
4.50 
4.82 

8.15 
8.65 
8.35 
8.45 
8.59 
8.30 
8.50 
8.45 

7.65 
7.95 
7.70 
7.72 
7.78 
7.66 
7.90 
7.85 

43.45 
45.49 
44.20 
44.82 
45.25 
44.70 
45.15 
45.30 

42.10 
43.55 
42.90 
42.95 
43.53 
42.85 
43.45 
43.65 

L.S.D. 5% 1.26 1.17 1.24 0.16 1.23 

 El-Hamol location  

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn + Mn + Fe 

78.3 
92.5 
89.1 
87.6 
91.3 
88.4 
90.2 
91.3 

76.2 
91.0 
87.8 
85.9 
89.3 
86.9 
88.5 
89.1 

11.85 
13.15 
12.35 
11.95 
12.13 
12.10 
11.99 
12.55 

10.90 
12.55 
12.50 
11.35 
11.55 
11.55 
11.55 
11.65 

3.65 
4.35 
3.82 
3.95 
4.15 
3.90 
4.20 
4.30 

3.15 
4.10 
3.60 
3.50 
3.75 
3.65 
3.80 
3.85 

8.20 
8.80 
9.53 
8.00 
7.98 
8.20 
7.79 
8.25 

7.75 
8.45 
8.90 
7.85 
7.80 
7.90 
7.75 
7.80 

38.39 
41.35 
39.75 
39.95 
40.85 
39.85 
40.73 
41.15 

37.25 
39.85 
38.25 
38.45 
39.65 
38.50 
39.30 
39.95 

L.S.D. 5% 1.35 1.26 1.36 1.32 1.38 

Pl. Ht. = Plant height in cm    SY = Straw yield tons/ha    BY = Biological yield tons/ha. GY = Grain yield tons/ha 
= First season 1999/2000 st1 = Second season 2000/2001 nd2 
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Table (3): Effect of foliar application of Zn, Mn and Fe on pigments content in barley plants at the three studied 

locations (mg/100 mg) during the 1st and 2nd seasons. 

Treatment 

Chlorophylls   Total chlorophyll 

a b a/b Total  Carotenoids carotenoids  

1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  

Byalla location  
Control 

Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn + Mn + Fe 

472.75 
430.15 
442.25 
471.65 
470.10 
471.20 
451.30 
485.20 

453.45 
41530 
419.25 
432.50 
429.25 
425.85 
422.75 
461.35 

241 
232 
239 
245 
242 
241 
238 
246 

236 
221 
226 
232 
233 
232 
219 
235 

1.96 
1.85 
1.85 
1.93 
1.94 
1.96 
1.96 
1.97 

1.92 
1.88 
1.86 
1.86 
1.84 
1.84 
1.93 
1.96 

713.75 
662.15 
681.25 
716.65 
712.10 
712.00 
689.30 
731.20 

689.45 
636.30 
645.25 
664.50 
662.25 
657.85 
641.75 
696.35 

294.69 
272.25 
285.10 
295.20 
291.30 
291.10 
282.30 
294.90 

285.42 
265.25 
274.20 
286.40 
285.50 
284.45 
273.60 
285.70 

2.42 
2.43 
2.39 
2.43 
2.44 
2.45 
2.44 
2.48 

2.42 
2.40 
2.35 
2.32 
2.32 
2.31 
2.35 
2.44 

L.S.D. 5% 0.14 0.18  0.27 0.19  

 Kafr El-Sheikh location  

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn + Mn + Fe 

392.22 
385.15 
388.20 
390.25 
390.10 
388.90 
386.15 
390.30 

381.75 
375.35 
376.55 
385.85 
386.25 
378.45 
374.65 
387.50 

238 
215 
219 
225 
220 
224 
220 
227 

232 
211 
215 
223 
217 
222 
218 
226 

1.65 
1.79 
1.77 
1.77 
1.74 
1.74 
1.76 
1.72 

1.65 
1.78 
1.75 
1.73 
1.78 
1.70 
1.72 
1.71 

630.22 
600.15 
607.20 
615.25 
610.10 
612.90 
606.15 
617.30 

613.75 
586.35 
591.55 
608.85 
603.25 
600.45 
592.65 
613.50 

318.83 
310.10 
312.15 
319.20 
318.50 
317.15 
314.40 
319.10 

314.25 
306.75 
3085.45 
317.25 
316.75 
314.50 
311.85 
316.65 

1.98 
1.94 
1.95 
1.93 
1.92 
1.93 
1.93 
1.93 

1.95 
1.91 
1.92 
1.92 
1.90 
1.91 
1.90 
1.94 

L.S.D. 5% 0.13 0.16  0.23 0.18  

 El-Hamol location  

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn + Mn + Fe 

388.15 
382.20 
385.10 
390.30 
390.10 
389.80 
387.10 
390.10 

365.35 
362.20 
364.30 
369.40 
367.25 
365.85 
364.75 
368.65 

209 
204 
208 
212 
210 
210 
207 
210 

204 
202 
203 
209 
206 
207 
204 
208 

.1.86 
1.87 
1.85 
1.84 
1.86 
1.86 
1.86 
1.86 

1.79 
1.79 
1.79 
1.77 
1.78 
1.77 
1.79 
1.77 

597.15 
586.20 
593.10 
602.30 
600.10 
599.80 
594.10 
600.10 

569.35 
564.20 
567.30 
578.40 
573.25 
572.85 
568.75 
576.65 

240.83 
235.15 
236.10 
240.20 
240.10 
240.00 
236.20 
241.20 

232.25 
229.75 
231.65 
231.95 
230.25 
229.85 
231.25 
233.80 

2.48 
2.49 
2.51 
2.51 
2.50 
2.50 
2.52 
2.49 

2.45 
2.46 
2.45 
2.49 
2.49 
2.49 
2.46 
2.47 

L.S.D. 5% 0.12 0.17  0.21 0.17  

1st = First season 1999/2000 2nd = Second season 2000/2001 
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Table (4): Effect of foliar application of Zn, Mn and Fe on nitrogen content in barley plants at the three studied 

locations (gm/100 gm). 
 Plant (flag leaf) Kernels 

Treatments Soluble  Insoluble  Total Soluble/ 

insoluble  

Soluble  Insoluble  Total Soluble/ 

insoluble  

Protein  

 1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  

 Byalla location  

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn + Mn + Fe 

0.22 
0.15 
0.17 
0.20 
0.19 
0.19 
0.20 
0.21 

0.21 
0.14 
0.15 
0.17 
0.17 
0.16 
0.18 
0.18 

1.14 
1.02 
1.04 
1.08 
1.06 
1.07 
1.00 
1.08 

1.10 
1.00 
1.01 
1.03 
1.04 
1.06 
1.01 
1.06 

1.36 
1.17 
1.21 
1.28 
1.25 
1.26 
1.20 
1.29 

1.31 
1.14 
1.16 
1.20 
1.21 
1.22 
1.19 
1.25 

0.19 
0.15 
0.16 
0.19 
0.18 
0.18 
0.20 
0.19 

0.19 
0.14 
0.15 
0.17 
0.16 
0.15 
0.18 
0.18 

0.86 
0.96 
0.92 
0.89 
0.93 
0.91 
0.92 
0.94 

0.83 
0.94 
0.8 
0.85 
0.91 
0.91 
0.90 
0.92 

0.89 
0.97 
0.99 
0.86 
0.98 
0.97 
0.99 
0.99 

0.85 
0.94 
0.93 
0.94 
093 
0.95 
0.96 
0.97 

1.75 
1.93 
1.91 
1.85 
1.91 
1.88 
1.91 
1.93 

1.68 
1.88 
1.81 
1.79 
1.84 
1.86 
1.86 
1.89 

0.97 
0.99 
0.93 
0.93 
0.95 
0.94 
0.93 
0.95 

0.98 
1.00 
0.95 
0.90 
0.98 
0.96 
0.94 
0.95 

9.73 
10.73 
10.62 
10.29 
10.62 
10.45 
10.62 
10.43 

9.34 
10.45 
10.06 
9.95 
10.23 
10.34 
10.34 
10.51 

L.S.D. 5% 0.25 0.21 0.35  0.28 0.18 0.42  0.58 

 Kafr El-Sheikh location  

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn + Mn + Fe 

0.21 
0.14 
0.16 
0.19 
0.19 
0.18 
0.19 
0.20 

0.20 
0.13 
0.14 
0.16 
0.15 
0.17 
0.18 
0.18 

1.11 
0.99 
0.94 
1.01 
0.99 
1.07 
0.95 
1.06 

1.03 
0.94 
0.92 
0.95 
0.96 
1.05 
0.93 
1.05 

1.32 
1.15 
1.10 
1.20 
1.18 
1.25 
1.14 
1.26 

1.23 
1.07 
1.06 
1.11 
1.11 
1.22 
1.11 
1.23 

0.19 
0.14 
0.17 
0.19 
0.19 
0.17 
0.20 
0.19 

0.19 
0.14 
0.15 
0.17 
0.16 
0.16 
0.19 
0.17 

0.98 
1.10 
0.92 
0.95 
1.02 
0.98 
1.04 
1.05 

0.93 
1.06 
0.88 
0.92 
0.95 
0.93 
1.02 
1.04 

0.82 
0.85 
0.98 
0.94 
0.96 
0.91 
0.88 
0.90 

0.81 
0.82 
0.93 
0.92 
0.93 
0.91 
0.87 
0.88 

1.80 
1.95 
1.90 
1.89 
1.98 
1.89 
1.92 
1.95 

1.74 
1.88 
1.81 
1.84 
1.88 
1.84 
1.89 
1.92 

1.20 
1.29 
0.94 
1.02 
1.06 
1.08 
1.18 
1.17 

1.15 
1.25 
0.95 
1.00 
1.02 
1.02 
1.17 
1.18 

10.01 
10.84 
10.56 
10.51 
11.01 
10.51 
10.68 
10.84 

9.67 
10.45 
10.06 
10.23 
10.45 
10.23 
10.51 
10.68 

L.S.D. 5% 0.21 0.24 0.36  0.32 0.28 0.35  0.45 

 El-Hamol location  

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn + Mn + Fe 

0.23 
0.17 
0.18 
0.21 
0.20 
0.19 
0.20 
0.21 

0.20 
0.15 
0.16 
0.20 
0.19 
0.17 
0.19 
0.18 

1.19 
1.02 
0.97 
1.09 
1.05 
1.09 
1.00 
1.11 

1.13 
1.01 
0.95 
1.03 
1.02 
1.03 
1.01 
1.10 

1.42 
1.19 
1.15 
1.30 
1.25 
1.28 
1.20 
1.32 

1.33 
1.16 
1.11 
1.23 
1.11 
1.20 
1.20 
1.28 

0.19 
0.17 
0.19 
0.19 
0.19 
0.17 
0.20 
0.19 

0.18 
0.15 
0.17 
0.19 
0.19 
0.17 
0.19 
0.16 

0.90 
0.99 
0.93 
0.92 
0.98 
0.94 
0.96 
0.96 

0.85 
0.94 
0.91 
0.91 
0.93 
0.92 
0.94 
0.93 

1.02 
1.33 
1.05 
1.04 
1.00 
1.00 
1.14 
1.06 

1.00 
1.25 
1.02 
1.01 
0.95 
0.91 
1.05 
1.01 

1.92 
2.22 
1.98 
1.96 
1.98 
1.94 
2.10 
2.02 

1.85 
2.19 
1.93 
1.92 
1.88 
1.83 
1.99 
1.94 

0.88 
0.74 
0.89 
0.88 
0.98 
0.94 
0.84 
0.91 

0.85 
0.75 
0.89 
0.90 
0.98 
1.01 
0.89 
0.92 

10.68 
12.34 
11.01 
10.90 
11.01 
10.79 
11.68 
11.23 

10.29 
12.18 
10.73 
10.68 
10.45 
10.17 
11.06 
10.79 

L.S.D. 5% 0.25 0.23 0.38  0.29 0.42 0.45  0.52 

1st = First season 1999/2000 2nd = Second season 2000/2001 
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Table (5): Concentration of macro and micronutrients in soils and leaves of barley plants as influenced by foliar 

application of Zn, Mn and Fe at the three studied locations. 
 Soils  Leaves (flag leaves) 

Treatments pH Available macro and micronutrients (ppm) Total macro % and micronutrients (ppm) 

 (1: 5) N P K Zn Mn Fe N P K Zn Mn Fe 

 1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  1st  2nd  

 Byalla location  

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn+Mn+Fe 

7.43 
7.38 
7.35 
7.37 
7.38 
7.36 
7.39 
7.36 

7.47 
7.41 
7.38 
7.39 
7.42 
7.37 
7.42 
7.38 

264 
278 
252 
260 
269 
265 
275 
283 

254 
265 
259 
256 
268 
262 
267 
279 

3.30 
2.70 
3.10 
3.28 
3.12 
3.25 
3.13 
3.12 

3.10 
2.80 
2.85 
2.87 
2.84 
2.85 
2.90 
2.95 

3.72 
3.70 
3.90 
415 
395 
378 
374 
412 

364 
355 
375 
382 
374 
380 
362 
385 

0.42 
0.39 
0.35 
0.45 
0.34 
0.43 
0.50 
0.45 

0.38 
0.41 
0.38 
0.42 
0.37 
0.41 
0.42 
0.45 

1.79 
1.92 
2.18 
2.10 
2.08 
1.94 
2.13 
1.92 

1.62 
1.73 
1.88 
1.92 
1.90 
1.81 
2.10 
1.91 

2.21 
2.15 
283 
2.72 
2.68 
2.65 
2.62 
2.79 

2.10 
2.05 
2.72 
2.68 
2.64 
2.63 
2.61 
2.72 

1.32 
1.15 
1.10 
1.20 
1.18 
1.25 
1.14 
1.26 

1.30 
1.23 
1.19 
1.25 
1.19 
1.23 
1.12 
1.24 

0.18 
0.12 
0.19 
0.20 
0.19 
0.18 
0.13 
0.15 

0.17 
0.13 
0.20 
0.22 
0.21 
0.19 
0.15 
0.17 

0.03 
0.04 
0.03 
0.04 
0.05 
0.04 
0.04 
0.04 

0.03 
0.04 
0.03 
0.04 
0.04 
0.03 
0.03 
0.05 

19.0 
21.5 
20.6 
21.4 
21.2 
20.9 
20.8 
21.4 

17.0 
20.3 
20.1 
20.6 
21.0 
19.5 
18.9 
21.2 

49.0 
49.0 
59.0 
52.0 
54.0 
58.0 
58.0 
57.0 

48.2 
49.0 
54.6 
51.9 
55.2 
56.8 
57.3 
57.8 

464 
512 
716 
785 
773 
765 
685 
795 

475 
489 
653 
696 
685 
692 
643 
715 

L.S.D. 5%  2.1 1.6 1.9 2.5 1.7 1.5 2.4 1.4 2.4 2.2 2.3 3.5 

 Kafr El-Sheikh location  

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn+Mn+Fe 

7.52 
7.51 
7.51 
7.48 

7.49 
7.50 
7.48 
7.51 

7.58 
7.49 
7.53 
7.47 

7.48 
7.47 
7.51 
7.46 

251 
235 
223 
258 

248 
255 
252 
269 

235 
238 
236 
241 

243 
239 
240 
245 

5.78 
5.10 
5.32 
4.85 

5.35 
5.12 
5.85 
5.83 

5.65 
5.48 
5.53 
5.45 

5.52 
5.49 
5.53 
5.58 

423 
439 
441 
435 

410 
432 
445 
402 

416 
403 
421 
423 

402 
413 
3425 
412 

0.85 
1.29 
1.03 
1.15 

1.32 
1.10 
1.32 
1.42 

0.82 
0.98 
0.91 
0.96 

1.12 
1.03 
1.15 
1.25 

1.59 
1.32 
1.82 
1.62 

1.61 
1.72 
1.81 
1.51 

1.52 
1.45 
1.73 
1.70 

1.65 
1.63 
1.74 
1.50 

1.92 
1.83 
0.79 
0.95 

1.53 
1.42 
1.63 
1.60 

1.83 
1.81 
0.96 
1.14 

1.48 
1.45 
1.56 
1.58 

1.36 
1.17 
1.21 
1.28 

1.25 
1.26 
1.20 
1.29 

1.32 
1.12 
1.23 
1.32 

1.22 
1.23 
1.21 
1.28 

0.15 
0.13 
0.16 
00.18 

0.16 
0.17 
0.15 
0.17 

0.14 
0.14 
0.17 
0.16 

0.17 
0.18 
0.14 
0.18 

0.03 
0.04 
0.03 
0.04 

0.04 
0.04 
0.03 
0.05 

0.03 
0.04 
0.03 
0.04 

0.05 
0.03 
0.04 
0.05 

21.1 
23.4 
21.3 
21.5 

22.4 
21.2 
22.3 
23.1 

20.3 
23.1 
21.2 
21.3 

21.8 
20.7 
22.1 
22.9 

52.0 
54.0 
63.0 
58.0 

54.0 
59.0 
61.0 
61.0 

50.3 
52.8 
58.7 
57.3 

54.6 
58.7 
60.3 
62.2 

483 
682 
693 
721 

701 
710 
686 
710 

469 
648 
675 
698 

693 
705 
674 
716 

L.S.D. 5%  2.3 1.8 2.1 2.8 1.9 1.7 2.3 1.6 2.5 2.5 3.1 3.8 

 El-Hamol location  

Control 
Zn 
Mn 
Fe 

Zn + Fe 
Mn + Fe 
Zn + Mn 

Zn+Mn+Fe 

7.68 
7.64 
7.63 
7.66 
7.65 
7.64 
7.62 
7.65 

7.89 
7.52 
7.61 
7.63 
7.55 
7.53 
7.55 
7.51 

208 
217 
206 
210 
208 
211 
221 
225 

203 
209 
205 
208 
209 
207 
210 
212 

5.70 
5.45 
5.35 
5.08 
5.85 
5.32 
5.12 
5.43 

5.62 
5.43 
5.38 
5.42 
5.45 
5.46 
5.45 
5.52 

273 
312 
322 
218 
213 
212 
273 
245 

262 
260 
275 
254 
255 
261 
261 
252 

0.78 
1.38 
1.12 
0.95 
1.15 
0.85 
1.20 
1.46 

0.75 
0.98 
1.02 
0.85 
1.03 
0.82 
0.98 
1.21 

1.78 
1.95 
2.68 
1.87 
1.81 
1.95 
1.98 
1.78 

1.65 
1.79 
1.95 
1.71 
1.73 
1.82 
1.85 
1.72 

1.89 
1.74 
0.85 
0.95 
1.47 
1.32 
1.45 
1.38 

1.85 
1.73 
0.95 
0.94 
1.38 
1.35 
1.43 
1.39 

1.42 
1.19 
1.15 
1.30 
1.25 
1.28 
1.20 
1.32 

1.41 
1.21 
1.18 
1.29 
1.26 
1.29 
1.23 
1.36 

0.21 
0.19 
0.22 
0.26 
0.22 
0.25 
0.20 
0.23 

0.21 
0.20 
0.23 
0.27 
0.23 
0.24 
0.21 
0.24 

0.03 
0.05 
0.03 
0.05 
0.05 
0.04 
0.03 
0.05 

0.03 
0.04 
0.03 
0.04 
0.05 
0.03 
0.03 
0.05 

18.8 
21.3 
20.1 
20.7 
21.1 
20.5 
21.1 
21.2 

18.2 
22.1 
21.3 
20.2 
20.8 
21.1 
20.9 
21.6 

48.0 
49.0 
61.0 
52.0 
52.0 
58.0 
59.0 
58.0 

46.0 
47.0 
58.0 
51.3 
53.1 
59.2 
59.8 
59.9 

435 
523 
653 
713 
705 
710 
671 
702 

421 
516 
632 
695 
696 
715 
684 
713 

L.S.D. 5%  8.2 2.1 3.4 3.6 2.2 2.3 1.8 2.1 2.3 3.5 3.7 4.2 

1st = First season 1999/2000 2nd = Second season 2000/2001 


