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Introduction

The soils of Pakistan are generally alkaline and 
of calcareous nature and are more prone to zinc 

deficiency. This is because these lands are inherently 
low in the available Zn (Slaton et al., 2005). The 
main soil factors that influence the availability of 
Zn to plants are low total content of Zn, high pH, 
high content of calcite, less organic matter and high 

concentrations of Na, Ca, Mg, bicarbonate and 
phosphate in the soil solution (Abbas et al., 2010). 
Moreover, zinc also precipitate or sorbs in unavailable 
forms in these soils (Khoshgoftar et al., 2004).
 
Some research has been conducted comparing 
different sources of Zn and their mobility in the 
soil, and it was discovered that Zn has a very limited 
mobility in the soil. Gangloff et al. (2006) conducted a 
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leaching experiment that compared different sources 
of Zn and their mobility in the soil. They found that 
Zn-EDTA, ZnSO4 and Zn lignosulphonate were 
more mobile relatively because of their solubility. 
The Zn oxysulphate was less mobile but seemed to 
meet the needs of the plant, while other less soluble 
oxysulfate and sucrate Zn sources were also relatively 
immobile. The key to the success of Zn fertility 
is water solubility. The water solubility of Zn will 
determine how effective it will be to meet the needs 
of the plant (Shukla and Morris, 1967). The solubility 
in water allows the Zn to move over short distances in 
the ground and be absorbed by the plant roots.

Maize (Zea mays L.) is an important cereal crop with 
great economic value (Harris et al., 2007). The climatic 
conditions of Pakistan and its soil are ideal for the 
production of maize. The balance in the availability 
of essential nutrients is necessary for the good yield 
of all crops, including maize (Preetha and Stalin, 
2014). Several reports have indicated low levels of 
zinc in the maize kernel, which could be alarming as 
it affects the health of plants, animals and humans. 
There are some notable examples of health problems 
caused by micronutrients in the world (Laker, 1979). 
During zinc deficiency, protein synthesis is reduced 
due to low levels of RNA, as zinc plays an essential 
role in RNA polymerase (Bell and Dell, 2008). The 
zinc deficiency is often corrected by the application of 
its fertilizers in crops mainly in maize, which is very 
sensitive to the application of zinc. Several authors 
have studied the effectiveness of different sources of 
Zn because of their physical state, chemical reactivity 
and availability on maize growth (Brown and Krantz, 
1966; Mortvedt and Gilkes, 1993; Sarwar et al., 2015). 

Zinc availability per unit of Zn application is more 
from Zn chelates compared to other inorganic sources, 
since they provide better distribution of this nutrient 
in the soil due to its solubility (Brown and Krantz, 
1966). Synthetic chelating agents are used to provide 
plants with elements such as Fe and to a lesser extent, 
Zn and Mn (Tinkler and Lauchli, 1984) because they 
overcome the fundamental problem of keeping these 
elements in a more available form. Chelated metal 
is generally considered in a form more available to 
plants. It is noted that chelated forms often show 
more Zn availability for maize harvesting.

The objective of this study was to compare the Zn 
release pattern of ZnSO4.7H2O and Zn-EDTA and 

to evaluate the effect of both Zn sources on the Zn 
availability to maize crop in calcareous soil.

Materials and Methods

Experimental layout and treatments 
Incubation study: Incubation experiment was carried 
out at Land Resources Research Institute, National 
Agricultural Research Centre, Islamabad, to compare 
the release pattern of Zn from ZnSO4.7H2O (35% 
Zn) and Zn-EDTA (12% Zn) using a calcareous 
soil. A representative and sufficient amount of soil 
was collected, air-dried and sieved through a 2mm 
sieve and analyzed for different physio-chemical 
characteristics using standard methods (Randhawa 
and Arora, 2000) (Table 1). An electronic scale was 
then used to weigh 10 g soil into plastic polyethylene 
tubes. The soil within the plastic tubes was treated 
with ZnSO4. 7H2O and Zn-EDTA to increase their 
zinc content with different treatments. There were 
nine treatments consisting of one control with 4 
levels of Zn (0, 2, 4, 6 and 8 mg Zn kg-1) in the form 
of ZnSO4. 7H2O and Zn-EDTA applied on alkaline 
calcareous soil incubated under aerobic condition up 
to 16 days. 

Table 1: Physio-chemical properties of selected soil.
Parameters Reading
pH (1:1) 8.01
EC (1:1) dS m-1 0.24
Na (mg kg-1) 56
K (mg kg-1) 83
P (mg kg-1) 1.125
NO3 (mg kg-1) 2.68
Zn (mg kg-1) 0.47
Fe (mg kg-1) 6.47
Cu (mg kg-1) 0.52
Mn (mg kg-1) 2.9
Class Loam

To maintain the aerobic condition in the incubated 
tubes, water was added on the basis of soil field capacity 
and incubated at about 28 °C, maintained for about 16 
days under incubation conditions. The experiment was 
set down in a completely randomized design (CRD) 
with three repetitions. The destructive sampling was 
performed at 0, 1, 2, 4, 8, 16 days’ interval under aerobic 
conditions. The soil was extracted with a CaCl2 solution 
(0.01 M) and Zn concentration was determined using 
an atomic absorption spectrophotometer (AAS 700).
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Greenhouse experiment: The experiment was set 
down in a completely randomized design with three 
repetitions. The 7 kg of air-dried soil was placed in 
clay pots. The soil was treated with two sources of 
Zn, i.e., ZnSO4. 7H2O and Zn-EDTA @ 2, 4, 6 and 
8 mg of Zn kg-1 with the basal application of NPK 
dose as recommended (250: 150: 90 NPK kg ha-1). 
Each fertilizer was prepared in the form of solution 
according to the recommendation and applied on the 
basis of fixed treatments. As a basal dose, 25% of N, 
the entire dose of P and K at the time of sowing were 
applied, while the remaining 50% of N was applied at 
the vegetative phase (25 days after sowing). Five seeds 
per pot were sown for maize cultivars, namely DKC 
6590 (hybrid variety) and Islamabad Gold (local 
variety) and one seedling per pot was maintained 
after germination of about ten days of sowing. At 
the tasseling stage, the above ground part of the crop 
was harvested. The harvested portion of the crop 
was cut into pieces and dried in an oven at 70°C to 
obtain constant weight. The dry matter production 
was recorded and the Zn content in dry matter 
was analyzed by the di-acid extract (HNO3 and 
HClO4) using atomic absorption spectrophotometer 
(AAnalyst 700).

Results and Discussion

Incubation Study
Incubation study was conducted on Zn release 
pattern with respect to time with two Zn sources i.e., 
ZnSO4. 7H2O and Zn-EDTA. The concentration of 
zinc extracted with CaCl2 from incubated control soil 
and from the incubated samples with soil amended 
with different Zn sources are shown in Figure 3. 
The incubation hardly affected the Zn concentration 
extracted in control and found less than 0.5 mg kg-

1, which is considered deficient in alkaline soils for 
most crops. The average concentration of Zn released 
from ZnSO4. 7H2O in all treatments at the 1st day of 
incubation was found maximum (1.535 mg Zn kg-

1) then a continuous decline in Zn concentration 
up to 0.726 mg Zn kg-1 was observed till 16th day of 
incubation (Figure 1). The Zn release pattern from 
Zn-EDTA was almost similar to ZnSO4 release 
pattern. The average amount of Zn released at 1st day 
was 3.065 mg Zn kg-1 and decreased consistently to 
1.619 mg Zn kg-1 till the end of incubation period 
(Figure 2). The potentially available zinc decreased 
in soil during the incubation period in soil treated 
with different Zn rates (Alvarez and Rico, 2003). 

The maximum release of Zn @ 8 mg kg-1 from 
ZnSO4.7H2O and Zn-EDTA was 2.80 and 6.35 
mg Zn kg-1 at the 1st day of incubation, respectively. 
In comparison of both Zn sources, the highest 
concentration of CaCl2 extractable Zn occurred with 
the Zn-EDTA treatment. It is reported that the 
highest concentration of Zn is obtained with Zn-
EDTA treatments. The soil treated with zinc sulphate 
showed greater fixation and adsorption of Zn between 
different soil components (Karak et al., 2005). 

Figure 1: Zinc release pattern in soil from ZnSO4.7H2O.

Figure 2: Zinc release pattern in soil from Zn-EDTA.

Figure 3: Comparative zinc release pattern in soil from ZnSO4.7H2O 
and Zn-EDTA.

It has been revealed that when Zn-EDTA was used 
as a reference material, it was found most effective 
Zn source on plant uptake basis by Gangloff et al. 
(2006). The Relative Availability Coefficient (RAC) 
of ZnSO4 was 23% and that of Zn lignosulfonate was 
22%. All other sources including Zn oxysulfate are 
less effective compounds ranging from 0.5 to 12% 
and the Zn sucrate (organic complex) with 5% RAC. 
The above findings showed a significant difference 
between Zn-EDTA and all other Zn sources. 
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Greenhouse Experiment
Zn concentration: The data on Zn application both 
as ZnSO4.7H2O and Zn-EDTA showed a consistent 
increase in Zn concentration with the increase in Zn 
doses (2, 4, 6 and 8 mg Zn kg-1) in both varieties (Table 
2). Both sources result in a significant increase in Zn 
concentration of maize plants over control. The highest 
increase in Zn concentration was observed with the 
application of Zn-EDTA compared to ZnSO4. The 
maximum Zn concentration recorded was 68 and 80 
mg kg-1 @ 8 mg Zn kg-1 by using ZnSO4 and Zn-
EDTA sources, respectively. Several researchers 
have examined the effectiveness of various sources 
of zinc for plant growth (Wallace, 1963; Giordano 
and Mortvedt, 1972; Lindsay, 1972; Mortvedt and 
Gilkes, 1993). They reported that under greenhouse 
conditions, chelated forms of zinc were more effective 
than inorganic forms of zinc. Kanwal et al. (2009) 
reported that the application of Zn resulted in an 
increase in the concentration of Zn in maize. Karak et 
al. (2005) reported that variations of the Zn content 
in dry rice matter varied with different sources of 
Zn, being higher with the application of Zn chelates 
compared to the corresponding levels of ZnSO4 
application. The concentration of Zn in the hybrid 
maize variety (60 mg of Zn kg-1) was found higher 
compared to the local variety (34 mg kg-1). Relatively, 
a higher concentration of Zn was obtained in hybrid 
cultivars compared to local ones. (Sarwar et al., 2015).

Dry Matter Production and Zn uptake by Maize: 
The data on the production of dry matter and uptake 
of Zn by maize plant is presented in Table 3 showed 
that both parameters differ significantly with the 
application of Zn by both sources. The highest dry 
matter production of 65 and 76 g plant-1 was recorded 
using Zn treatment @ 8 mg Zn kg-1 by ZnSO4.H2O 
and Zn-EDTA in both varieties, respectively. The Zn 
application by both sources resulted in highest shoot 
matter production in hybrid variety (72 g plant-1) 
compared to local variety (46 g plant-1).

Kanwal et al. (2009) reported that the Zn application 
has led to an increase in dry matter production of 
maize crop. Several former workers namely Alvarez 
and Rico (2003) and Hoffland et al. (2006) also 
reported an increase in shoot dry matter production 
in different crops with the addition of Zn. Zn-EDTA 
is considered to be 2 to 5 times more effective than 
zinc sulphate (Mortvedt and Gilkes, 1993). Karak et 
al. (2005) stated that the amount of Zn in both grain 

and straw was always significantly higher with the 
application of different chelated-Zn (Zn-EDTA) 
levels and modes than the application of ZnSO4.

Table 2: Effect of Zn Sources (ZnSO4 and Zn-EDTA) 
on Zn concentration of both local and hybrid varieties of 
maize.
Treatment Zn concentration (mg kg-1)

V1 V2 Mean
ZnSO4 T1 17 60 38f

 T2 34 54 54e

 T3 35 67 61cd

 T4 45 68 67bc

 T5 45 71 68bc

Zn-EDTA T6 36 67 52e

 T7 54 54 64c

 T8 56 71 74ab

 T9 52 77 80a

Mean 34b 60a

Variety *
LSD (p<0.05)
 Treatment 8.49
Tr. x cv. 12.01

V1: Local variety; V2: Hybrid variety; Tr.: Treatment; cv.: cultivar.

Similarly, the maximum Zn uptake was observed 
i.e., 3.79 with ZnSO4.H2O and 5.03 ug plant-1 
with Zn-EDTA source at the Zn rate applied @ 8 
mg kg-1 in both varieties. The percentage increase 
of Zn content in straw uptake was also recorded 
higher by the Zn-EDTA than ZnSO4 application 
(Karak et al., 2005). The results showed that when 
the available Zn status of soil is low, the response 
to zinc fertilizer application is enormous. The 
higher Zn uptake was observed in hybrid variety 
(4.53 ug plant-1) compared to local variety (1.69 ug 
plant-1). Preetha and Stalin (2014) reported that 
seemingly the increased Zn uptake is related to 
more production of dry matter with the increasing 
rates of Zn doses. Similarly, zinc uptake in maize 
shoot usually increased with increasing rates of Zn 
application. This statement is in agreement with 
Maftoun and Karimian (1989) work. In a field 
study conducted by Sarwar et al. (2015) on two 
calcareous Zn-deficient sites using maize as test 
crop, increase in grain yield of hybrid cultivar was 
found more than local cultivar. He also observed 
more Zn uptake by hybrid than local cultivar.
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Table 3: Effect of Zn Sources (ZnSO4 and Zn-EDTA) 
on dry matter production and Zn uptake in both local and 
hybrid varieties of maize.
Treatment Dry Matter (g plant-1) Zn Uptake (ug plant-1)

V1 V2 Mean V1 V2 Mean
ZnSO4 T1 27 47 37f 0.45 1.69 1.07e

 T2 36 66 51e 0.86 3.56 2.21de

 T3 37 75 56de 0.91 5.17 3.04cd

 T4 48 77 63cd 1.7 5.28 3.50bc

 T5 47 83 65bc 1.63 5.95 3.79bc

Zn-EDTA T6 38 60 49e 1.08 2.87 1.97ef

 T7 56 66 61cd 2.48 3.56 3.02cd

 T8 60 82 71ab 2.79 5.8 4.34ab

 T9 63 89 76a 3.26 6.81 5.03a

Mean 46b 72a 1.69b 4.53a

Variety * *
LSD (p<0.05)
 Treatment 8.17 1.02
Tr. x cv. 11.56 1.44

Conclusions and Recommendations

It is concluded that in comparison of both Zn sources, 
Zn-EDTA has been proved efficient in relation of 
incubation study in which it caused more Zn release 
from calcareous soil than ZnSO4.7H2O. On basis of 
its release pattern, its application to maize crop with 
the same rates results in improved growth and uptake 
@ 8 mg Zn kg-1 application by both local and hybrid 
maize varieties.
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