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This siudy was conducted to investigate the effect of reatment
of the barley crop (Karatay-94) with zinc ontaining fertilizer under
field conditions on two locations. The study was designed according
to a randomised complete block experimental design in three rep-
licates and at five different sources of zinc (Zn-gluconate, Zn-pyr-
uvate, Zn0O, ZnSOy, Zn-EDTA) and were applied on the leaf in
three different doses (0-0.75-1.50 kg/da Zn). The highest grain
yield in the study was obtained from ZnQ, ZnSO, and Zn-pyruvate
applications on both locations. Although significant increases oc-
curred in yield when zinc sources were applied in different doses
on the first location (P < 0.05), no statistical differences were ob-
served among zinc sources. On both locations in the study, signif-
icant differences were observed in regard to phosphorus and zinc
contents of the flag leaf, zinc content in the grain and zinc taken
up by the grain. Since no statistical ‘differences were observed
among zinc sources on both locations (P < 0.05), a dose of 0.75 kg
Zn/da of ZnSO, can be recommended due to its economic criteria.
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INTRODUCTION

Barley is a crop that is second to wheat in respect of cultivation area among
field crops in Turkey; it is grown in all régions like wheat. Nearly all of the barley
grown is consumed domestically. 76% of the production is used as animal feed
(both as an additive in mixed feed and as mere feed by itself) and the remaining
24% is used as raw material in beer making. According to the data of the year
2004, barley cultivation fields were 3.5 X 10° ha and the production was 9 x 10°
tonnes'. In Konya, where the study was conducted?, cultivation area was 391.516
ha, the production was 984.536 tonnes and yield was 2546 kg ha™. Since barley
“farming is conducted mostly in dry cond‘it‘ions in Turkey, yield is quite low’. In
raising yield in farming' of cereals, meeting the micronutrient needs of the crop
is as significant as meeting the macronutrient needs of the crop. Micronutrients
have been known to increase the yiel@d and improve thequality of different cereals
including barley. In Turkey, approximately 49.8% of the arable soils (14 billion
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ha) were found to contain less than 0.5 mg/kg DTPA-extractable zinc®. In Central
Anotolia, where nearly 45% of Turkey’s wheat production is located, more than
90% of soils contain less than 0.5 mg kg™ DTPA-extractable zinc, which is widely
considered to be the critical deficiency concentration of zinc for plants grown on
calcereous soils™ ®, Deficient levels of zinc in crop plants have been shown to
reduce yield and crop quality in the US and throughout the world”. Zinc
application increased grain yield 60% in the Great Konya Basin soils and medium
grain yield® was approximately 14%. Zinc applications also increased signifi-
cantly both wheat and barley yields’™'!. Tn the field experiments on six locations
in Central Anatolia, application of 23 kg Zn ha™! increased grain yield on all
locations. Relative increases in wheat grain yield resulting from zinc application
ranged'” between 5 to 554% with a mean of 43%. '

In experiments conducted in Central Anatolia, it was found that barley came
after durum wheat and bread wheat among cereals in regard to sensitivity to zinc
deficiency and significant increases were achieved in barley yield when the
amount of extractable zinc in the soil'® was 0.3 mg kg™ According to the results

“of these studies, it is a requirement that zinc containing fertilization be applied
on soils of Konya, which has calcareous and high pH soils that are deficient in
organic substances and which are in a semi-dry climatic zone. There are
differences among zinc chelates in eliminating zinc deficiency, as differences
between plant species and genotypes in respect of zinc uptake. Some researches
had demonstrated the chelating agents to modify the solubilization and transport
of micronutrients to plant roots'* . The most common zinc soprces used to
correct zinc deficiencies are ZnSQ, and ZnO, although zinc oxysulfates, inorganic
zinc complexes, synthetic chelates and natural organic complexes are also used®.

However, there are various zinced fertilizers on the market to meet the zinc
demands of the plants. The chemical forms and application doses of zinc
contained in these fertilizers are different. Hence, the purpose of this study is to
investigate the effect of different zinc sources applied at various doses on barley
(Horeum vulgare cv. Karatay-94) and its effect on grain yield and uptake of
nutrient materials by plant. ‘

EXPERIMENTAL

The study was conducted in dry conditions on calcareous soils of Konya plain
on two locations under field conditions in the year 1999-2000. In fact, the
experiment had been planned to be established on the same location for two years,
but since it proved to be impossible to set up the experiment on the same location

-and since zinc application had been performed before, the second experiment had
_to be established on another location 10 km away. Soils of the experiment field
‘were hydromorphic alluvial. Annual average precipitation in the experiment fields
was 355.4 mm on location A (1999) and 176.1 mm on location B (2000). Average
temperature on both locations on vegetation periods'” was 12.2°C. The results of
the physical and chemical analyses of the soils where the experiment was
conducted are given in Table-1. G '
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TABLE-1
CHEMICAL AND PHYSICAL PROPERTIES OF THE EXPERIMENT LOCATION SOILS

‘ Texture
Lo ECcaco; O p K DIPAZ :
ocation pH (mmho/ =, ﬂ?(‘j% ;’f (mgkg™) (mgkg™) (ngkg™) Sand  Silt  Clay Textre

om) B (B (%)  class

A 790 034 12.87 1.03 641 35996 064 73.05 17.27 9.68 SL
B 718 043 9.03 2.03 581 83742 083 15.01 29.63 5536 CL

The research was carried out using a randomized complete block experimental
design with three replicates at five different organic and chemical sources of zinc
[ZnSO,4 (23% Zn), Zn-gluconate (3.68% Zn), Zn-pyruvate (4.17% Zn), ZnO (99%
- Zn) and Zn-EDTA (15% Zn)] and in three different doses (0-0.75-1.50 kg Zn

a™1). 0.75 kg Zn da™ and 1.50 kg Zn da™ pulverized on leaf corresponded to
0.18% and 0.36%, respectively. The zinc solution was applied in March, when
the plant was in the stage of comprising 3-4 leaves (GS 13). Barley (Hordeum
vulgare cv. Karatay-94) was used as experimental plant in the research. Bred for
dry conditions, seeds of this type of barley were obtained from Bahri Dagdas
Institute of International Agricultural Research, Turkey. 10 kg DAP da™ were
applied on 12 m?* experiment plots during sowing. Ammonium nitrate 33% was
applied in the same plots in order to supply the nitrogen requirements of barley
(5.6kg da™') in tilling stage in April. Flag leaf samples (60 pieces) were randomly
selected from barley plants in each plot. During harvest, plant height and ear
height of the grain and the weight of a thousand grains were determined.

The selected samples were rinsed with 0.01 N HC! once and twice with
distilled water and then dried in ambient conditions. Barley was harvested in the
last week of July by a combined plot harvester. Collected flag leaves and grain
samples were dried at 65 + 5°C and then milled and wet-digested by sulfuric acid
and hydrogen peroxide'®. Phosphorus contents of these samples were determined
by spectrophotometer (UV-160 Shimadzu), potassium contents by flame photom-
eter (Jenway PFP-7) and zinc contents by atomic absorption spectrophotometer
(GBC-902). The data were analyzed by using MINITAB and then subjected to
LSD test by using Mstat C.

RESULTS AND DISCUSSION

Grain yield: In the study, in the experiment conducted on location A, grain
yield of the barley plant demonstrated considerable increases when different zinc
sources were applied (P < 0.05) (Table-2). In the study conducted on location B,
on the other hand, although yield increased, compared with control plots, when
zinc sources were applied, these increases were not statistically significant
(Table-2). N

Increases achieved in ylcld on location A were observed especially in0.75 kg Zn
da’! dose of zinc sources and the order according to increase in yield is as follows:
Zn0 > Zn-EDTA > Zn-pyruvate > ZnSQ, > Zn-gluconate. However, there are no
statistical differences between applications in respect of grain yield in this order.
The difference between iocatlons in reoard to reaction to zinc applications may
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TABLE-2
EFFECTS OF DIFFERENT ZINC SOURCES ON BARLEY (KARATAY-94) PLANT
| AND SOME OF ITS PROPERTIES

A thousand “Ear height of

Zinc doses - Grain ‘yield Plant height

Sources ] ) grain weight the grain
; (kg da ); - (kgda) T © {cm) (cm)
- Location A
Zn-pyruvate 0.75 375.11a 37.68 65.64 7.08
: 1.50 34444 a 32.99 68.22 7.03
Zn gluconate 0.75 321.09 ab 32.72 61.83 7.21
, 1.50 ©..310.30ab "+ - 34.98 63.83 6.83 ;
ZnS0y 0.75 © 36771a 34.67 64.65 7.26
1.50 358.17a 3723 165.55 7.38
Zn0 ' - 0.75 427.62 a 34,18 60.94 7.11
‘ 1.50 ©2310.03ab - 34.13 61.05 6.88
Zn-EDTA 075 i 405.42a 3193 60.94 7.21
1.50 93,99 ab 3423 60.00 7.09
Control o 164.72b 32.13 61.76 6.47
LSD value, P <0.05 ‘ 161.6 ns ns ns
‘ Location B ,
Zn—pyruvaté 0.75 43283 5050 9430 8.72
1.50 37117 ~~33.81  84.17 8.03
Zn-gluconate 0.75 387.61 ‘4488 95,53 8.31
1.50 358.67 49.60 88.83 8.97
ZnS0O, 0.75 -345.89 4672 89.00 8.46
1.50 453.17 - 49,15 98.90 8.11
ZnO 075 41373 47385 95.97 8.27
; 1.50 -429.78 C 4883 91.93 8.05
Zn-EDTA 0.75 - 417.89 49.08 91.37 8.21
1.50 42595 52.24 - 95.57 8.27
Control 375.89 47.64 93.90 7.60
LSD value, P <0.05 R L T TR ns ns

result from the fact that zinc contents of the experiment soils are respectively
0.64-0.83 ppm, that there is a difference of 0.19 ppm between them and that there
1s a difference between values of precipitation on locations in the experiment
conducted in dry conditions. Cekig ef al."? indicated a dose of 0.5 kg Zn/da for
wheat and barley in some areas where Zn deficiency was not severe. Although the
relative effect of different zinc chelates on the increase of dry substance in com
under greenhouse conditions appeared in the order of Zn-FYM > Zn-FA
(soil) > Zn-FA (compost) > Zn-DTPA > Zn-EDTA > ZnSQ,, total dry substance
yield in wheat did not change with zinc sources apart from Zn—FYMzQ. Likewise, it
was observed that increased zinc application to Tarm-92 and Hamidiye barley types
augmented plant growth?'; increases in grain yield of ten barley types in Eskisehir
were respectively 54, 15, 11, 12 and 10% from 199 1-92 to 1995-96 as aresult of
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zinc fertilization®2. It was further noticed that zinc applications on soils of Central
Anatolian Region increased the yield of different cereal typ6523’ 24 :

A thousand grain weight, plant height and ear height of the grain: On both
locations, no statistical differences were observed between different zinc sources in
respect of a thousand grain weight, plant height and height of the ear grain and doses
of zinc applications (Table-2). It was reported that zinc application to barley types
of Tokak 157/37, Erginel-90, Obruk-86, Biilbiil-89, Cumhuriyet-80 and BDMA-13
did not change the weight of a thousand grains, but there were marked differences
among types in regard to plant height'%, that there was not a mgmﬁcam difference
between zinc application in barley and a thousand grain weight®that the highest
plant height was achieved in plots where zinc was applied*®*’, that maturity on
durum wheat mcreasmg rates of zinc application increased a thousand grain
weight?.

Phosphorus contents of leaf and gram In the study, the phosphorus content
of the leaf changed remarkably with the application of zinc sources on both
locations (P < 0.05). While the phosphorous content of the leaf increased with zinc
application on location A, there was not much increase on location B (Table-3). In
the same research, the phosphorus content of leaf and grain in Kiziltan durum wheat
did not change with different zinc application forms, while the phosphorus content
of gram significantly (P < 0.05) changed with the same application in the second
year®. On the other hand, with the application of zinc in doses more than 5 mg kg™

-the phosphorus uptake of the Japanese mint plant decreased™. The phosphorus
content of the grain did not change with the application of different zinc sources
(Table-3).

Zinc contents of leaf and grain: The zinc contents of the leaf increased
considerably (P < 0.05) on both locations compared with the control with the
application of zinc sources (Table-3). In greenhouse experiments, which were
conducted to evaluate the relative efficiency of synthetic and natural chelates for
supplying zinc to wheat in a zinc deficient alkaline soil, per cent utilization of
applied zinc by wheat plants was highest with Zn-DTPA and lowest with ZnS0,.%°
The application of zinc complexes (Zn-phenolate, Zn-EDDHA, Zn-EDTA, Zn-
lignosulphate, Zn-polyflavonoid and Zn-heptagluconate) significantly increased
zinc uptake by maize compared with that in the control soil*!.

Similarly, the zinc contents of the grain displayed significant (P < 0.05) in-
creases on both locations compared with the control with the application of zinc
sources but no differences were observed between zinc doses applied (Table-3).
The other study carried out to assess the varieties collected from different countries
reveals that the lowest zinc concentrations (34.7% pg g™') were found® in the
Turkish variety CBWF-96-151. Foliar application of zinc in inorganic or organic
form is equally suitable in providing adequate zinc nutrition to wheat™.

Potassium contents of leaf and grain: The potassium contents of leaf and
grain did not display a statistically significant change on both locations with the

* application of different zinc sources (Table-3).

Zinc uptake by grain: Zinc uptake by grain increased markedly on both
locations with the application of different zinc sources (P < 0.05). These increases
were observed on location A in dose 0.75 kg Zn/da of organic Zn-pyruvate and
Zn-gluconate and on location B in the same zinc sources again and in dose 0.75 kg
Zn/da of Zn-EDTA (Table-3). Therefore, we can state that a dose 0.75 kg Zn/da of
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zinc increased the zinc uptake of grain. The application of Zn at 5 kg ha™ level

resulted in significantly higher uptake of both native and applied Zn by wheat grain
“and straw®*. In the study conducted on soil whose zinc content that can be extracted

with DTPAis 1.5 mg kg™, uptake of zinc by maize increased with the rate of applied
- zinc, with sli ghtiy higher values for powdered ZnO than powdered ZnSQ, at each
zinc rate

Conclusion

In conclusion, significant increases took place with the application of zinced
fertilizer to the barley crop compared with the control. However, these increases
were more obvious in the experiment on location A, which contained less zinc
on soil than location B and statistically significant (P). We can state that this
resulted from a difference of 0.19 ppm between the zinc contents of the soils and
the increase achieved in yield by zincs of more than 0.5 mg Zn kg™, which is
the upper limit for soils, was less. Although differences were observed between
zinc applications on both locations with regard to other properties studied, when
the results of both expemmems are taken into consideration, we can say that the
dose 0.75 kg Zn da™" of ZnSO, should be preferred by virtue of its being the most
economical of the zinc sources. Similarly, it was reported that zinc had a
significant effect on yield and zinc uptake of wheat and that zinc sulphate was
more effective compared with zinc oxide®® and that the application of 3 kg
ZnSO,7TH,0 can be recommended for cereals!’
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