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Abstract: Two field experiments were conducted in the Experimental Farm of the Salah El-Din El-Bostan,

Nobaria, El-Behera Governorate during  2005 and 2006 winter seasons to evaluate the foliar fertilization

and water stress at two growth stages and those irrigate regularly on growth and yield of barley c.v. Giza

124 variety. Both drought treatments increased the concentration of N, P, Na, K, Fe and Zn but the

increment when omitting of irrigation was done at milk ripe stage more than that when done at elongation

stage. However, Mn concentration decreased by drought treatment but the response to the two irrigation

treatment was approximately similar. The uptake of macro and micro nutrients except Mn showed the

same trends of that in the concentration of these elements. Application of Folia feed (FF) foliar fertilizer

induced marked increases in the macro and micronutrients in shoots of barley plants. Moreover, the

increases in concentration as well as resulted in N, P and Zn from the spraying 2g/L more pronounced

than that showed in Na, K and Mn from the 1g/L fertilizer concentration. N uptake decreased with both

drought dates but the drought effect was more with the treatment at milk ripe stage. The reverse was true

for Zn response, where, P, K, Fe and Na uptake were decreased with water deficit at elongation and the

effect was lesser when water stress was done at milk ripe stage. Spraying foliar-ff enhanced the nutrients

uptake.   

Key words: Barley (Hordeum vulgar L.) Omitting of irrigation- Foliar  fertilizer-Macronutrients-

Micronutrients-Concentration-Uptake-  Nobaria region.

INTRODUCTION

Barley (Hordeum vulgare L.) is a typical crop of

marginal areas in North Africa and Mediterranean

regions specially in the Northern coastal areas which

precipitation fluctuated from year to year and in most

years the barley cultivated area, as in Egypt, suffer

from lack of water in the time of sowing and/or at the

later stages of growth which needed supplemental

irrigation. Water shortage is the major constraint

affecting cereal production in the Mediterranean Basin.

The climate of this region is characterized by erratic

and unpredictable precipitations . Although drought[2 ,13,41]

may occur at any stage of cereal development in these

areas, climatic frequency studies have identified two

major periods when drought is most likely to occur .[2 ,41]

The first occurs in autumn during the period from

sowing to tillering. The second major drought period

coincides with the grain-filling phase.

Water deficit induced obviously effects on the

concentration and content of minerals in cereal

plants . In adequate supply of nutrient(s) is a major[8 ,4,18]

reason for low yields per unit area . The supply of[28]

nutrient(s) via plant roots might be restricted under

some soil and environmental conditions such as high

pH, high lime content, soil compactness as well as

inadequate or excessive irrigation water. Such

conditions are prevailing in arid and semi-arid

regions . Thus, foliar application of nutrient(s) is[10,9 ,28]

necessary to compensate the shortage of nutrients via

roots or to correct the deficiency of these nutrients or

to face the great needs of these elements in leaves

especially at fruiting stage. Many trials were done to

use the fertilization for raising the drought resistance

through improving the mineral status of barley

plants  and on other plants .[16,17] [48,32,38,37]

This work aimed to study the effect of foliar

fertilizers on the nutrients status and through some

growth stages of barley plants grown in new cultivated

area.

MATERIALS AND METHODS

Two field experiments were conducted in the

Experimental Farm of the Salah El-Din El-Bostan,

Nobaria, El-Behera Governorate during 2005 and 2006

winter seasons to evaluate the foliar fertilization and

water stress at two growth stages and those irrigate

regularly on growth and yield of barley c.v. Giza 124

variety .Physical and chemical composition of soil in

the experimental sites were noted in Table (1). 
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Table 1: Analytical data of the experimental site.

Particle size distribution 

Sand % 86.00

Silt   % 8.00

clay   % 6.00

Textural class Sandy

Some Chemical proerties

pH (1:2.5) 7.45

EC dSm 0.89-1

O.M . % 0.35

3CaCO  % 1.80

Soluble anions M eq./L

3CO --

3HCO 2.35

Cl 2.01-

3.984SO —

Soluble cations M eq./L

4.50Ca++

1.00M g++

2.77Na+

K 0.07+

Available macro-nutrients mg/kg soil

N 50.00

P 9.50

K 64.75

Available micro-nutrients mg/kg soil

Fe 3.12

M n 0.67

Zn 0.48

Cu 0.92

The Treatments Were as Follows:

I- Drought: 1- Normal irrigation.  2- Omitting of the

2  irrigation (D1) 3- Omitting of  2  and 6n d nd th

irrigations (D2).

II-Foliar Fertilization: was sprayed in the  rate of 0,

1 and 2 g/L  (F0, F1 and F2 respectively). Foliar

fertilizer Folia feed c  which  contain 15.52%

micronutrients Zn 4% ; Mn 4 % ; Fe 6%; B 0.5 % Mo

0.02% and Mg 0.5%.

Every experiment included 9 treatments three

irrigation treatments  in combination with three foliar

fertilizer levels .The experimental design was split plot

in sex replicates which the drought treatments equipped

the main plots where the foliar fertilization treatments

distributed randomized in sub plots.

Seeds of barley (Hardeum vulgare. L) c.v. Giza

124 were sown in the 1  of December in both seasons.st

2 5Calcium super phosphate (15.5% P O ) and potassium

2sulfate (48.5% K O) were broadcasted before sowing at

the rate of 200 and 100 Kg, respectively. Ammonium

sulfate (20.5%N) at rate of 200 Kg/fed was applied in

two equal portions, the 1  was applied after 21 daysst

from sowing and the another was added two weeks

latter in both seasons. Foliar fertilizer (Folia feed) was

sprayed twice, the 1  at 21 days from sowing and thest

2 was applied 45 days after sowing. The other culturaln d  

practices were done as in the province. 

Samples of shoots and grains from every sub-plot

were collected, cleaned, dried in electric oven at 70 C 

and ground in a stainless steal mill. Digestion of

samples and determination of macro and micronutrients

were  done  using  the methods described by Cottonie,

et al., .[7]

 Data collected were subjected to the proper

statistical analysis using the methods described by

Snedecor and Cochran .[40]

RESULTS AND DISCUSSION

Omitting of Irrigation: Examination of Data in

Fig.(1a, 1b ,2a and 2b) showed that both drought

treatments increased the concentration of N, P, Na, K,

Fe and Zn but the increment when omitting of

irrigation was done at milk ripe stage more than that

when done at elongation stage. However, Mn

concentration decreased by drought treatment but the

response to the two irrigation treatment was

approximately similar. The content of macro and micro

nutrients except Mn showed the same trends of that in

the concentration of these elements. The concentration

of different nutrients in grains slightly affected by

drought treatments except the concentration of Zn

which increased sharply in grains of plants subjected to

drought at milk ripe stage  to be one fold compared to

that in plants grown under regular irrigation.

Uptake of N, Na and Mn in leaves of barley plants

have a negative relationship with delaying the drought

treatment compare to the control treatment. However,

Fe uptake responded similarly to both drought

treatments. Nevertheless, P and Zn uptake were

reversely responded. The concentration of N decreased

and K concentration increased with both drought

treatments without any differences in between.

Moreover, The Zn concentration increased with drought

but the increment raised as the subjection to drought

was delayed. Furthermore, the differences in Na, Fe

and Mn were fluctuated. Concerning the uptake of

minerals in barley grains, N uptake decreased with both

drought dates but the  drought effect was more with

the treatment at milk ripe stage. The reverse was true

for Zn response, where, P, K, Fe and Na uptake were

decreased with water deficit at elongation and the

effect was lesser when water stress was done at milk

ripe stage.  

The response of the nutrition status to the water

s tres s  t r e a tm e nts  were  s tud ied  b y severa l

authors:  on cotton, found that the N and[40,22,19,20,15]

protein concentrations of leaves, stems and roots were

significantly lower in plants under drought than in

control plants, but C:N ratios were higher. Furthermore,

Brown et al.  reported that both salinity and soil[5]

drying significantly impacted root and shoot dry

weights. In addition, significant decreases were seen in

all nutrients (Ca, Fe, Mg, N, P and K) in response to

increases  in  salinity  and/or  soil drying. Hu et al.  [14]
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Fig. 1a: Macro nutrients conentration in shoots of barley plants as affected by foliar fertillization and water stress.

Fig. 1b: Macro nutrients conentration in shoots of barley plants as affected by foliar fertillization and water stress.

Fig. 2a: Macro nutrients uptake of barley shats as affected by foliar fertillization and water stress.

Fig. 2b: Macro nutrients uptake of barley shats as affected by foliar fertillization and water stress.

stated that, although both drought and salinity cause a

low nutrient availability in soil and low nutrient

transport in plants, their studies showed that except for

Na , there was no difference in the concentrations of+

most ions at any given location between plants in the

control and either of the drought or saline treatments.

Furthermore, Volaire and Thomas  concluded that[46]

populations survived the drought characterized by (a)

slower shoot growth rate, (b) greater root density at

depth, (c) maintenance of higher lamina relative water

content, (d) greater osmotic adjustment in leaf bases,

(e) higher concentration of WSC in tiller bases, (f)

greater ability to export WSC out of dying leaves, (g)

lower content of metal ions but improved maintenance

of P status, and (h) lower proline:amino acid ratio. The

contribution of these responses to tiller survival under

severe drought in controlled environments is contrasted

with performance and persistence of swards in the field

in the harsher Mediterranean environment. Oktem [31]

mentioned that although the protein content increased,
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the Fe, Zn and Cu concentration of the kernels

decreased with increasing water deficiency. Despite the

reduction of fresh ear yield with deficit irrigation, the

number of marketable ears at 10%  water deficiency

was still high and acceptable for sweet corn (var.

Reward) in south-eastern Turkey. Sawan et al.  found[41]

that pea plants irrigated by 80 m3/day/fed contains

more N, P, and K in different plant parts compared to

that irrigated by low (40 m3/fed/day) more

(120m3/fed/day) quantity of water. On fodder beet,

Hussein et al.  revealed that omitting of irrigation[2 0]

decreased the all nutrients concentration determined i.e.,

N, P, K, Fe, Zn and Mn in top and roots of fodder

beet grown in new reclaimed soil.  This effects may be

due to the effect of moisture deficit on soil water and

nutrients availability , Water adjustment in plant[45]

tissues , Hormonal balance and  protein building ,[3] [49] [1]

photosynthesis activity  and antioxidant defense .[24] [6]

Foliar Fertilization: Application of FF fertilizer

induced marked increases in the concentration as well

as uptake of macro and micronutrients in shoots of

barley plants. Moreover the increases resulted in N, P

and Zn from the spraying 2g/L more pronounced than

that showed in Na, K and Mn from the 1g/L fertilizer

concentration. The foliar application of nutrients is

readily absorbed by leaves and enhancing the

physiological processes , to face the great needs of[38,39]

nutrients during some growth stages especially at

fruiting times  and not lost or fixed  or lost in[34,33] [44,29]

the drainage water. 

Data presented in Figs. 3a, 3b, 4a and 4b indicated

that the concentration of different elements in grains

increased by application of foliar fertilizer. The

increment in Zn and Mn was more pronounced that in

the other elements. Concerning the nutrients uptake in

grains, FF spraying enhancing the uptake of all

elements except Na uptake responded reversely.

Moreover, the increase in uptake of these elements

parallel with the increase in Ff concentration except in

Mn which the higher increases was by use of 1g/L

level. Williams and Kafkafi  demonstrated that[47]

application of KMP in the rat of 27 and 45 g/L

improved the N, P and K concentrations. They added

that the rate of increment in P and K in leaves

exceeded those in fruits, however, nitrogen without any

response in leaves but significantly affected in fruits of

tomato plants. Miller et al.  revealed that after the[26 ]

foliar application of COMPO and Nutra Green

increased the uptake of nutrients (N, P, K, S, Fe, Mn,

Zn, Cu and B) in shoots and roots of tobacco plants

and also led to a correction for deficiency nutrient

elements on leaves. Application of Mn and Zn on

Avocado, lemon and orange increased the uptake of Zn

and Mn in leaves of these plants . Negm et al.  on[27] [30]

bean, revealed that application of phosphorus

compound via soil or foliar  with or without

inoculation with rhizobial inoculation  increased the

uptake of N and P. on fodder beet, Hussein, et al.,[20]

found that application of Folea feed foliar fertilizer

improved the nutrients concentration in leaves and roots

of fodder beet grown in Nobaria region.

Omitting of Irrigation X Foliar Fertilizer: The

interactive effect of irrigation omitting on the

concentration of micro and micronutrients of barley

plants were recorded. The data pointed out that the

increase in the concentration of foliar fertilizer led to

increase the increment in the concentration of the

estimated nutrients under the all irrigation treatments

except for Na and K which the increment was equal.

 The data in above Fig. (4a &b) showed a positive

and linear relationship between the concentration of FF

and the uptake of the nutrients in shoots of barley

plants under the all irrigation treatments except for Mn

under the drought at milk ripe stage. Data illustrated

also pointed out that under regular irrigation,

macronutrients increased slightly but micronutrients

were markedly increased.

Progressive increases in N and Zn concentration in

barley grains were detected by FF spraying under the

omitting of irrigation at elongation and milk ripe

stages. This more clear in N in grains of plants grown

when water stress was done at elongation stage,

however, for Zn at milk ripe stage. 

Meanwhile, the response of K and Mn

concentration showed similar response to foliar

fertilizer under both drought treatments, while, the

concentration of Na did not show any response to

fertilizer treatment under omitting of irrigation at

elongation stage and increased clearly under omitting

of irrigation at milk ripe stage. 

A positive relation was detected between

application of folia feed fertilizer and N, P and K

uptake. Under normal irrigation the higher increases

given by spraying 2g/L fertilizer. Both concentrations

of FF similar negative effect on Na uptake. Subjection

barley plants to drought at elongation stage and treated

plants by 1 g/L FF through leaves showed more

increases in N uptake while showed lesser in K uptake

but without any difference by the two sprayed in P

uptake. When subjection to drought delaying to the

milk ripe stage, the uptake of these three elements in

grains gave its higher values with application of 1g/L

FF. Nevertheless, Na uptake resulted the opposite

response. Fe, Zn and Mn uptake showed approximately

similar response to FF of P uptake. The percentage of

increase was observed in grains of plants received 2g/L 
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Fig. 3a: Macro nutrients conentration of barley grains as affected by foliar fertillization and water stress.

Fig. 3b: Macro nutrients conentration of barley grains as affected by foliar fertillization and water stress.

Fig. 4a: Macro nutrients uptake of barley grains as affected by foliar fertillization and water stress.

Fig. 4b: Macro nutrients uptake of barley grains as affected by foliar fertillization and water stress.

FF and irrigated regularly; meanwhile, the lower was
in N and K uptake with the 1 st level of FF and under
the same treatment of irrigation.  

Mohamed et al.  stated that foliar fertilization is[28]

partially overcoming the negative effect on stress
conditions influencing root growth and absorption

capacity i.e. salinity, irrigation frequency, drought, heat
stress, soil compaction and any other abiotic stresses.

The positive effect of fertilization which raises the
elevation of plant tolerance to drought was reported by:
Hussein et al. .[16,12,17,21,25]
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Drought before affected plant metabolism, at first,

affected soil properties. This phenomenon reported by
many investigators among of them, Smolander, et al.

who noticed that taken as a whole, no major
differences were observed in the net formation of

mineral N in drought-treated soils compared to
untreated soils, but in N-fertilized soil, net formation of

mineral N tended to increase due to drought. Previous
drought treatment also tended to increase net

nitrification, but did not change the average rate of C
mineralization, at least not in over the longer term. Soil

samples were also incubated at the original soil
moisture content. The response of different processes

to drought seemed to vary, net nitrification being the
most sensitive. Amounts of microbial biomass C and N

were lowest in soil samples from the plots. Hussein, et
al.,  revealed that application of Folea feed foliar[20]

fertilizer decreased the depression in macro and micro-
nutrients in leaves and roots caused from drought

treatments. 
Ouda et al.,  reported that the application of[36]

Potassium-P under water stress conditions proved to be
effective in increasing N, P and K percentages   in

barley grains in all tested varieties. El-Kholy et al.[11]

emphasized that the highest N was recorded for barley

cultivars (Giza123, 124, 125, 126,129 130 and 2000)
grown under normal conditions. P, K, and Na in all

cultivars decreased under water stress condition. 
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