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Influence of Drought and Foliar Application on
Nutrients Status in Shoots of Barley Plants
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WO FIELD experiments were conducted in the Experimental

Farm of the National Research Center, Shalakan, Kaliobia
Governorate, during the two successive winter season 2001/2002 and
2002/2003 to cvaluate the effect of drought and foliar application on
growth and nutrients status in shoot of barley plants (Giza 124).
Application of foliar fertilizers to plants increased the weight of dry
matter. The highest dry matier (10.0 g/plant) of barley was obtained
with addition of Amine + Potassium treaiment under normal
irrigation. The highest increase in N uptake was by Amino +
Potassium under drought at normal irrigation followed by that
received Amino + Potassium at dough stage, the lowest by spraving
Potassium under drought at elongation and regular condition followed
by sprayed Amino when plants at elongation and normal condition
followed by the sprayed Amine and drought at dough stage. Both
fertilizers improved the uptake of Fe, Zn and Cu in straw shoots under
regular irrigation or drought conditions. These improvements in most
cases, resulted by Amino + Potassium over that resulted uncer
moisture deficit during elongation or when plants irrigated regularly.
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Barley is one of the important and major cereal corps in Egypt for food, feed,
and industrial proposes. The expansion of areas cultivated by this crop is now a
national target in order to its successful growth in the new areas especially thase
suffer fromn poor fertility, shortage of water and salinity problems.

The availability of water has an important influence on crop productivity
(Satorre and Slafer, 1999) and the capacity of the soil to retain water.
Furthermore, the ability of plants to improve their resistance to drought plays an
impertant role under adverse environment condition. One of mechanisms for
improving plant tolerance to drought is to lower the osmotic potential by
increasing the concentration of cell solutes. Common solutes such as organic
acids, carbohydrates and ions are usually accumulated in vacuoles, because they
can inhibit the activity of the plant cell.

In several areas of Egypt, an essential part of the agrarian areas consists of
permeable and light textured seils and which periodic drought and nitrogen and
potassium deficiencies are the major limiting factors. Therefore more effective
cultivars of better adaptation 1o the limited N and K availability appear to be an
important objective for local crops.
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Foliar application is a direct way for mutrient supplementation via leaves
tissues to enhance physiological processes and to correct elements deficiencies
which accrued in the new cultivated areas {(Mc-Conary 1997). The interaction
between water deficit and fertilization on physiological processes and minera! status
of cereal plants were reported by Hussein et af. (1978), Hussein and Riead (1979),
Hussein and Mandour (1980), Ibrahim et al. (1986) and Hussein ez af. (2002) .

Angum et al, (2002) in desert planis, noticed that the majority of 1ons (K, Ca,
Mg, Cl, and Na) increased with decreases in soil moisture, whereas, the
concentration of P and K diminished with deficiency in soil moisture. Hussein
and Mandour (1980) on corn found that the total N tended to increase with
increased the depletion of available soil moisture before irrigation. Ei-Zeiny
et al. (1990) found that water deficit increased the concentration of both N and P
in stem, leaves, and roots of barley plants but the total amount was decreased.
Tocker et al. (1999) reported that chloride accumulation in the leaves was
generally higher in drought and saline treatments, where the control K
concentration remained higher in both treatments. Nevertheless, El-Kholy and
Hamed (2002) revealed that the drought caused reduction in sodium and
potassium uptakes of barely shoots.

Interaction of soil water and nitrogen fertilizer application on the quality of
barley for malting were studied in Grain Shelter Experiment at Lincoln , New
Zealand by Ruiter (1999) and found, the level of N fertilizer had little effect on
the Kernel size properties . Grain N concentration responds to N fertilizer
application but it was unresponsive to water treatment.

This work was done to investigate the effect of drought by omitting one
irrigation during different growth stage and foliar fertilization, namely; Amino,
Potassium and their mixture on mineral status of barley plants,

Material and Methods

Two field experiments were conducted in the Experimental Farm of the
National Research Center, Shalakan, Kaliobia Governorate during 2001/2002
and 2002/2003 winter seasons to evaluate four different foliar fertilization and
water deficit on nutritional status in shoots of barley plants. Physical and
chemical composition of soil in the experimental sites were noted in Table (1).

The treatments were as follows:
I-Drought treatments
A-Without (normal irrigation)

B-Omitting of irrigation at elongation stage
C-Omitting of irrigation at dough stage
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TABLE 1. Some physical and chemical properties of the
experimental sites.

Soil properties Studied soil
Location El-Kanater
Texture Clay
Ec (dS/m) 1.63
pH 7.96
Total N(mg/100g) 110
NH,(mgN/100g) 3.59
NO;(mgN/100g) 5.95
Available K(ppm) 410
Available P(ppm) 10.8
Available SO4(ppm) 900
O.M% 1.77
Ca(CO3)2% 3148

2-Foliar fertilization treatments
A-Without
B- Potassium-P fertilizer (8% P,0;- 45% K0} at the rate kg/fed.
C-Amine fertilizer (Aminoe acids + Zn (24%) +Mn (2%) + Fe (2%)+Mg
{1%)) at the rate linter/fed.
D- Potassium -P fertilizer in combined with Amino fertilizer .

The experimental design was split-plot in sex replicates which the drought
treatments were allocated in the main plots where the foliar fertilization
treatments were distributed in sub plots.

Grain of barley (Hardium vuigare.L)) Giza 124 was sown in the 7 of
December in both seasons. Calcium super phosphate (16% P,0s) and Potassem
sulfate (48.5% K,0) were broadcasted before sowing at the rate of 200 and 1.3
kg/fed, respectively. Ammonium suifate (20.5 % N) at rate of {00 kg as MNifod
was applied in two equal portions; the 1" was applied after 21 days from sewing
and the other was added two weeks latter in both seasons. Amino and Potassinm-
P fertilizer were sprayed at 20 day from sowing. The other cultural praciices
were done as practiced locally in the province.

The plants from every plot before harvesting were collected, cleaned, dried ar
70" over night and ground in a stainless steel mill, Samples were digested using
rauixture of sulfuric acid and perchloric acids. Macro and micronutrients wers
determined using the methods described by Black er a/. (1982).

Statistical analysis were cairied out according to Snedecor and Chochrarn {1933
Results and Discussion

Dry matter
Data presented in Fig. 1 show the effect of drought and foliar applicaticn
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dry matter production. The dry matter varied between 2.5-10.0 g/plant. Dry
matter differed between absences of urigation and foliar application treatments.
Application of foliar fertilizers to plants increased the dry matter, The highest
dry matter of barley (10.0 g/plant) was obtamned with addition of Amino +
Potassium treatment under normal imrigation. This treatment significantly
increased the dry matter by 2.7 times that of the without foliar application. The
dry matter was increased from 2.5 (without foliar) to 6.7, 7.5 and 10 g/plant
when applied Potassium, Amino and Amino+Potassivm, respectively.

Water deficiency during the period of anthesis is critical to normal barley
production, causing significant dry matter losses. In absences of irigation,
addition of Potassium, Amino or Amino + Potassium to the crop through the
application of the foliar fertilizer increases the dry matter of barley. Dry matter
of treatments with absences of irrigation at dough stage was higher than of
ahsences of irrigation at elongation stage. This means that the response of barley
plants to 2bsence irrigation at dough stage was more than that for absence of
jrrigation at elongation stage.
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Fig. . Effect of drought and foliar fertilizers on dry matter production{g/plant)
(avernge of two growing winter season 2001/2002 and 2002/2003} .
LSD (0.05% Foliar fertilizer (F) : 2.07 LSD (0.05%) drought (1) :1.79
L3D (0.05%) Fxi : 4.22

Drought

Data presented m Table 2 and Fig. 2 show the effect of amitting of one
irrigation at two siages of growih of barley plants on nufrients status of barley
plants. Nirrogen conceniration slightly increased when omitting of irmigation
applied at elongation stage. K concentration shebily increased when omithn

g
irrigation at either stage but the increase at dough siage was more than that
caused under omitting of ivigation al elongation stage. However, the percentage
of P was not affecied by omitiing of irrigation,
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TABLE 2. Effect of drought on mineral concentrations in shoots of barley plants
(average of two growing winter season 2001/2002 and 2002/2003).

Absence of | Macronutrients (%) Micronuirients(ppm

irrigation N P K Fe Mn Zn Cu
without 137 0.2 35 1470 69 61 17
Elongation 161 0.2 4.0 1296 68 50 19
Dough 1.3 0.2 43 1229 68 47 19

The concentration of Fe and Cu clearly decreased by omitting of irrigation
and the rate of decreased raised by delaying the omitting of irrigation. Mn
slightly increase by both irrigation treatments while Zn showed approximately
the same response of P. Hussein ef al. (1978) demonstrated that slight water
deficit increased the conceniration of micronutrients (Zn, Cu, Mn and Fe}, while
under other moderate or sever stress the opposite result was true.

Uptake of macro and micronutrient in shoot of barely plants were illustrated
in Fig 2. Nitrogen uptake was decreased by 11.96 % when irrigation omitting at
elongation and dough stages compared with that irrigated regularly. In the case
of P, uptake decreased by the drought treatment and raised up by delaying
subjection to drought to be more than that of the control treatments. Concerning
K uptake, moisture stress either at dough or elongation stage negatively affected
on K uptake but the effects of the two irrigation treatments seemed to be equal
The effect of drought on uptake of nutrients in barley plants were reported by
Asghori et al. (2000} who indicated that the ratio of K and Ca may regulate the
position of stomata in different conditions.

Copper uptake gave the same trends by shortage of water at both stages. M
uptake increased only by omitting of irrigation at elongation stage bui slightiy
decreased by irrigation omitting at dough stage in comparable with that of
control urigation treatment. Whereas, Zn uptake slightly decreased by the two
water deficit treatment.

The increase in macro- elements might be attributed to the much inhibited
growth by shortage of water rather than to the related accumulation of element,
Further explanation for this effect, such as the effect of water deficit in root
volume, surface area and distribution, root /shoot ratio, the depression on the
other metabolic processes and in metabolites concentration ot/and the raineral
absorption by reots (Levitt, 1980, Simpson, 1981 and Kramer, 1983).

Egypi. J. Agron. Val. 28, No. 1 {2006)
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Fig. 2. Effect of drought on nuirient uptlake in shoot barley plants,

Foliar fertilization

Tahle 3 shows that N and K concentration in shoots of barley from foliar
fertilizer application was higher than that of control, On the other hand, P
concentration did not show any response to foliar fertilizers. Zine concentration
show the same trend of P while Cu conceniration responded as ¥ concentration.
Nevertheless, Fe concentration was sharply decreased by addition of Amino +
Potassinm foliar treatment. While iron conceniration was increased by spraying
Potassium or Amino which amounted by 7.1 or 11.6%, respectively.
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TABLE 3. Effect of foliar fertilizers on mineral concentration in shoots of barley
plants (average of two growing winter season 2001/2002 and 2002/2003).

Foliar fertilizer I\;;acronutln;ieuts("/lqc)_j FeMicr;;l:trien;erppm)a‘i
Without 1.1 0.23 | 39 | 128! 64 54 18
Potassium i4 0.23 | 35 { 1372 . 63 50 16
Amino 1.6 0.16 | 4.1 | 1430 | 68 50 19
Amino+Pot. 1.5 0.20 | 43 | 1244 | 73 48 20

A clear positive correlation was detected between addition of foliar fertilizer
on the uptake of Fe, Cu and Zn (Fig. 3). The increment induced in Fe or Zn by
Aminot+ Potassium exceeded those resulted from each one alone. Meanwhile,
Mn uptake decrease by addiiion of Potassium and tended to increase by addition
of Potassium +Amino but stil less than those in plants without receiving foliar
fertilizers.

Eid (1994} found that micronutrient foliar spray in maize at 75% silking
increased dry matier and micronutrient uptake. Skiba e a/. (1998) demonstrarcd
that the halance of the amount of applied N minus its recovery in the aerial parrs
was much greater for foliar than for soil application . On wheat, Socpardi {1995}
revealed that use of Fasfon N, it contains high N and P concentrations and
enriched with Zn, Cu, Fe, Mn, B and Mo absorbed improving in nutricnis
upiake. He added that early senescence that takes place prior to harvest mwy
decrease the fina! dry matter of crop. This phenomenon has been related fo
depietion of carbohydrates, M, P, and K from all plants parts which are being
translocated to the seeds during seed filling.

Foliar application of K may offer the opportunity of correcting these
deficiencies more quickly and efficiently especially late in the season when scil
application of K may not be effective.

Drought x foliar fertilization

The interaction effect of drought and foliar fertilizer on macre and
micronutrients in bariey shoots were recorded in Table 4. A positive and clear
correlation was detected berween addition of foliar fertilizers and nutrisnts but
the degree of increase vanied according to type of fertilizers and the time of
drought subjection. The uptake of macro and micronutrients by barley planis
increased with foliar application. The highest uptake of N, P, K, Fe and Zn was
observed with addition of Amino+ Potassium treatment under normal imzigation.
The efficiency of the used foliar feriilizers application on increasing uptake of

Egypt. 2 Agron. Vol. 28, No. | {2006)
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nufrients could be arranged in the following descending order; Potassium +
Amino > Amino > Potassium > without foliar. Nitrogen uptake by plant from
treatments at dough stage was higher than elongation treatment. This means that
the response of barley plants to irrigation absence at dough stage was more than
that for absence of irrigation at elongation stage.
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Fig. 3. Effect of foliar fertilizers on noirients uptake iu shoot barley plants,

[n general, the effect of foliar fertilizers on N uptake was alinost similar to
the effect ou ¥ uptake. These results are in harmony with those obtained by
Hussein and Khadir (1979) on barley, Hussein and Mandour (1980} and Hussein
et al. (1984) on maize and Thralim er al. (1986) on wheat, Bi-Zeiny &1 al. {1990
found that addidon of Potassium as a seil application tend to increase M and P
uptakes of stem as well as leaves and roots of barley plants and this increase
raised by decreasing the depletion percentage of available soil moisture bhefore
frrigation. El-kholy er al. (2001) concluded that rool may rapidly responses to
drying and rewetting the top soil by locally increasing oot growth together with
the ability ol fast recovery of the physiological ability for nutricnts uptake afier
drought stress.

Egypt. J Agron. Vol. 28, Mo, 1 {2006)
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Phosphorus uptake significantly increased with foliar fertilizer application.
Potassinm+ Amino caused little vanation in P uptake compared to Amino or
Potassium foliar treatment.

Data in Table 4 indicated that either Potassium or Amino improved the
uptake of Fe and Zn in barley plants under normal irrigation or drought
conditions. There improvements in most cases, resulted from spraying of Amino
in combined with Potassium over that resulted under moisture deficit during
dough or when plants imgated regularly. Under moisture stress at elongation
stage, uptake of Fe and Zn was lowest than normal irrigation or absence of
irrigaticn at elongation stage.

Concerning Mn and Cu uptake by barley plants, there was no significantly
increase with foliar fertilizer application.

TABLE 4. Effect of drought and foliar fertilizers on mineral uptake in shoots of
barley plants (average of two growing winter season 2001/2002 and

2002/2003).
Absences of | Foliar Macronutrients(mg/plant) Micronutrients(mg/plant)
irrigation | fertilizers | o P K Fe |Mn |Zn Cu
Without 41 9 126 51 0.2 0.19 03
without potassium 80 14 235 t2.2 04 0.35 0.10
Amino 120 15 255 10.2 0.53 0.58 0.14
Pot+amino 135 20 350 13.0 0.7 0.62 0.20
Without 32 5 113 34 0.18 037 0.i0
Elongation ; Potassium 63 14 147 44 0.22 0.18 0.24
stage Amino 103 10 260 9.4 0.47 0.3 026 E
Pottamino 117 10 326 10.0 0.6 0.34 0.10
Dough Without 33 8.7 116 3.5 0.19 013 G.ef
stage Potassium 74 10.3 211 5.7 0.37 0.25 .10
Amino 118 13.4 311 10.3 04 03 0.1z
Pot+amino 122 13.6 405 11.2 0.4 0.23 0.13
F 895 2.02 17.7 1.93 0.014 0.073 0.03
L5.D5% I 835 1.88 14.9 1.83 | 0.017 | 0083 | 032
Fxl i54 48 258 296 2.95 0.16 0.11

F = Foliar fertilization
I=irrigation
F x [ =folar fertilization x Trrigation

Egypt. 1. Agron. Vol. 28, No. 1 (2006}
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