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ABSTRACT 

 

The transformation of agro-industrial wastes 
into value-added commodity is among the best 
approches to a greener and more sustainable future. 
The aim of in this study was to examine the effects 
of phosphogypsum waste (PGW) as fertilizer to 
improve yield and nutrient content in the grain, 
stem and leaves of corn (Zea mays L.). A random-
ized experiment via a complete plot design was 
applied using four different triplicated doses of 
PGW (0, 1, 5 and 10 tons ha-1). It was shown that 
improvement in corn yield was proportional to the 
increase in PGW dose, corresponding to 46.19%, 
38.76% and 39.65% for 1, 5, and 10 ton ha-1 of 
PGW, respectively. A 5.85 ton ha-1 PGW dose was 
optimal in yielding a 8.63 ton ha-1 of corn despite a 
8.26 ton ha-1 the production yield using 5 ton ha-1 

PGW, as the latter was statistically borderline sig-
nificant. The approach adopted here also yielded 
corns with higher macro- and micronutrient con-
tents compared to the control. The analysis of vari-
ance data illustrated that the improved contents of 
N, P, K, Ca, Zn and B per 1 ton ha-1, and Mg per 5 
ton ha-1 were also significant (P<0.05). It can be 
construed that the recommended dose of PGW as 
fertilizer between 1−5 tons ha-1 can lead to substan-
tial improvements in yield and nutrient contents in 
corn.  
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INTRODUCTION  

 
Corn (Zea mays L.) is one of the world’s most 

important silage crops owing to high production 
yield and palatability in comparison to other forage 
crops, as well as providing a large amount of ener-
gy and protein in the animal diet [1]. According to 
recent statistics, the agricultural area devoted to 
corn plantation is 682.000 ha per annum, constitut-
ing ⁓ 4% of cereal cultivation land in Turkey [2]. 
However, the quality and yield of corn is very much 
affected by a combination of several factors, for 
instance, environmental, genetic, and cultural dy-
namics. The gradual rise in demand for corn is a 
matter of concern as it has elevated the cost of 
silage and grain production [3]. This issue warrants 
the attention of the agricultural and scientific com-
munity, as simply leaving the ruminant livestock 
grazing on natural pastures is no longer adequate 
due to low levels of nutrition, more so during dry 
seasons [4, 5]. In fact, the livelihood of farmers 
very much depends on the amount of nutrients that 
are fed to their livestock as this will, in turn, affect 
the final quality and price of the produced meat. 

The elevated production costs have somewhat 
to do with the decline in soil fertility as a conse-
quent of rigorous agricultural land use that severely 
depletes the nutrients in soil. Nevertheless, corn 
farming productivity can be improved by supple-
mentation of soil with nutrients such as nitrogen 
and phosphorus. It is a two-prong nutritional boost 
to promote forage yield of corn, and its crude pro-
tein content, in addition, the latter forms an integral 
portion of nucleic acid and essential for vegetative 
growth [6], seed, fruit quality, alongside good crop 
formation and maturation. The form of native soil 
phosphorus, inter alia different rates and type of 
applied phosphorus, as well as soil reaction are 
factors responsible for phosphorus availability to 
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crops. Improvements in corn yield have been doc-
umented in response to soil supplementation with 
phosphorus [7, 8].  

Literature has shown that phosphorus is the 
second most crop limiting nutrient, wherein inap-
propriate application rate alongside deficiency of 
the nutrient can adversely affect plant growth be-
havior and evolution [9]. This is because carbohy-
drates and energy formed through photosynthesis 
are stored in the form of phosphate in crops for 
future use during growth [10]. Phosphate is readily 
uptake, moving from older to younger tissues when 
the crop form cells and develop roots, stems and 
leaves [11]. Phosphorus deficiency is a worldwide 
issue and has been thought to be responsible for 
declines in kernel quality and quantity following 
production of corns with small nubbins [12]. Ali et 
al. [11] studied essential impacts of phosphorus 
additions on grain yield and reported significant 
increases in crop grain yield, height and number of 
leaves [10].  

Likewise, gypsum is another important nutri-
ent involved insoil regulatory and for boosting 
phosphorus resolution, in addition to its function as 
a regulating agent for sodic and heavy clay soils, as 
well as a source of calcium and sulfur for plants 
[13, 14]. Keerhisinghe et al. [15] reported that 
phosphogypsum (PG) is composed of Ca (26.88%), 
Mg (0.31%), K (0.02%), Fe (0.08%), Al (0.10%), S 
(21.9%), Si (1.13%), F (0.21%) and P (0.15%), and 
is sourced from the acidic aqueous by-product of 
phosphoric acid production with a pH between 
4.5−5.0. During the last 40 years, Enamorado et al. 
[16] used the soil that was applied with phos-
phogypsum at a dose of 20-25 t ha-1 six times. The 
soil was supplementary applied with 0, 20, 60 and 
200 t ha-1 of phosphogypsum (2.1 mg Cd kg-1 PG). 
As a result of the study that with the maximum 
volume of applied phosphogypsum the total amount 
of Mn, Co and Cu in stems was stopped, as well as 
the accumulation of B, Cu, Sb, Cs, Ba, Tl, Th in 
crop. Beside that, concentrations of Pb in the all 
plant were insignificant and did not pose a risk for 
animal and human while the content of Cd was very 
close to the maximum allowable value, and a con-
tinual control of Cd is required. Smith et al. [17] 
(1994) observed that soil enrichment with PG was 
useful in regulating sodic (solonetzic) and acidic 
soils but did little to improve crop growth and de-
velopment. Conversely, Saadaoui et al. [18] found 
the addition of PG to be convenient for soil 
amendment and as a fertilizer. Another study by 
Mays and Mortvedt [19] showed that corn (Zea 

mays L.), soybean (Glycine max L.), and wheat 
(Triticum aestivum L.) that grew on PG enriched 
plots (112 ton ha-1) were 200 times more productive 
than those cultivated on plots with normal rate of 
gypsum. An increase in grain Cd level was also 
reported, except for corn. 

There are on-going efforts to develop tech-
niques to effectively apply PG and other chemical 
constituents into soil to circumvent issues of soil 
and subsoil acidity. Some techniques i.e. surface 
and subsoil application of PG have successfully 
reduced the detrimental effects of subsoil acidity on 
crop growth [20, 21 and 22]. For instance, Lin et al. 
[23] used a mesh bag technique to compare be-
tween PG and lime soil application on improving 
root growth. Pavan et al. [24] found the combina-
tion of PG and lime in soil significantly enhanced 
root density of apple trees in Brazil, especially 
those close to the surface layer. The aluminum 
content was high but, most importantly, the favour-
able impact of this technique spread to a depth of 
60 cm. Their technique inadvertently led to a higher 
crop yield and the trees bearing larger fruits. The 
outcome was invariably a consequence of the 
growth of a better root network and water supply.  

Thus, to reap the full benefits of PG without 
harming the growing corn crop, development of 
standardized soil analyses and safe application rates 
for field applications of PG as fertilizer are, there-
fore mandatory [25]. The main objective of this 
study was to evaluate the effectiveness of phos-
phogypsum waste (PGW) application on corn (Zea 

mays L.) to result in a higher crop yield along with 
an improved nutritional content. This was achieved 
by carrying out a randomized experiment via a 
complete plot design using four different doses of 
PGW (0, 1, 5 and 10 tons ha-1. We also examined 
the corns for changes in composition of macro- and 
micronutrient, and established the optimum dose 
for applying PGW as a fertilizer. 

 
 

MATERIALS AND METHODS 

 

Plant Material and Growth Conditions. 

Corn plants (Zea mays L. Cv. TTM-815) were 
grown in the experimental field of Black Sea Agri-
culture Research Institute, in Samsun city of Turkey 
in 2010. The field experiment was set-up in com-
pletely randomized block design with three repli-
cates. Each plot was 6 m long and 5 m wide. 
The corn seeds were sown at 70 cm inter-row 
spacing and at 30 cm intra-row spacing. Applica-
tion dosses of PGW were 0, 1, 5 and 10 ton ha-1. 
The chemical composition of PGW was 0.027 % 
Fe03, 0.16 % Al203, 0.22 % Cl, 32.9 % CaO, 45.6 % 
SO3, 1.84 % SiO2, 0.098 % MgO and 0.27 P205 % 
with a pH of 2.9 [26]. The basal nitrogen (350 kg 
ha-1 from ammonium sulfate 21 % N) and phospho-
rus (60 kg  ha-1 from triple superphosphate 42 % 
P2O5) was spread and mixed thoroughly before 
sowing to support uniform plantlet development. 
The second nitrogen (220 kg ha-1 from ammonium 
nitrate 33 % N) was top-dressed 6 weeks after sow-
ing. Before sowing, the initial soil moisture content 
of each plot was adjusted to field capacity and it 
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was carefully controlled with TDR (TDR 300, 
spectrum technologies, USA). Whole plants (5 of 7 
rows from each plot) were harvested just above the 
soil surface at 90th day after sowing. The plant 
material was dried at 70°C for two days, then 
ground to pass 1 mm sieve to have a homogenous 
aliquot for determination of macro and microele-
ment concentrations [27].  

 
Soil Analysis. The surface soil samples were 

air-dried and passed through 2 mm sieve for chemi-
cal characterisation [28]. The soil parameters meas-
ured were particle size distribution [29], Na-
bicarbonate extractable P [30]. Electrical conductiv-
ity [31], soil pH (1:2 soil: water suspension) and 
calcium carbonate equivalent [32], soil organic 
matter (Smith-Weldon method) [33], ammonium 
acetate extractable cations [34]. These measured 
physico-chemical parameters of the experimental 
soil are given in Table 1. 
 

TABLE 1 

Some physical and chemical properties of the 

experimental soil 
Soil properties  Value 

pH (1:1) 6.95 
EC 25 ºC, dS m-1 0.93 

Texture - Clay-loam 
CaCO3 --%-- 

0.38 
Organic matter 1.84 

KEx 
-cmol kg-1- 

0.25 
CaEx 22.50 
MgEx 6.5 

PA 

-----mg kg-1---- 

19.57 
FeA 25.09 
MnA 19.22 
ZnA 1.00 
CuA 0.75 

PA: Available Phosphorus; FeA: Available Iron; MnA: Available 
Manganese; ZnA: Available Zinc; CuA: Available Copper; MgEx: 
Exchangeable Magnesium, CaEx: Exchangeable Calcium, KEx: 
Exchangeable Potassium 
 

Plant Analysis. Plant samples were segment-
ed into stems, leaves and grains before they were 
oven-dried at 70°C for two days, then ground to 
pass 1 mm sieve to have a homogenous aliquot for 
determination of macro and microelement concen-
trations [27]. Mineral nutrient composition of stem, 
leaf and grain samples was determined after wet 
digesting with a HNO3-H2O2 acid mixture (2:3 v/v) 
in a microwave oven (Berg of Speedwave Micro-
wave Digestion Equipment MWS-2) using a three 
steps procedure (first step: 145ºC, 75% RF, 5 min; 
second step: 180ºC, 90% RF, 10 min and third step: 
100ºC, 40% RF, 10 min) in microwave [35]. Phos-
phorus, K, Ca, Mg, Fe, Mn, Zn and B concentra-
tions of the digests were analysed using an Induc-
tively Couple Plasma spectrophotometer (Perkin-
Elmer, Optima 2100 DV, ICP/OES, USA) [36] and 
total N was determined by micro Kjeldahl method 
[27].  

The data were subjected to analysis of vari-
ance (ANOVA) and mean separation was made by 
the Least Significant Difference (LSD) test at P ≤ 
0.05 probability level in SPSS statistical software 
[37].  
 

 
FIGURE 1 

The effects of PGW application on corn grain 

yield 

 

 

RESULTS AND DISCUSSION 

 

Effect of phosphogypsum waste on grain 

yield. Increasing phopsphogypsum waste (PGW) 
applications significantly increased the corn grain 
yield compared to the control treatment (Table 2). 
The corn yield of 5.65 ton ha-1 in the control in-
creased to 7.84 ton ha-1 with 1.0 ton ha-1 PGW ap-
plication and to 8.26 ton with 5 ton ha-1 PGW appli-
cation (P<0.05). In contrast, the highest concentra-
tion of PGW (10 ton ha-1) decreased the grain yield 
to 7.89 tons. The highest yield was therefore ob-
tained from the 5 ton ha-1 PGW application. PGW 
additions at 1, 5 and 10 ton ha-1 increased crop 
yield by 46.19%, 38.76% and 39.65%, respectively, 
compared to the control (no PGW application). The 
highest corn yield (8.63 ton ha-1), which was deter-
mined with regression analysis, was obtained at 
5.85 ton   ha-1 PGW application (Figure 1). Similar-
ly, variance analysis showed that the most suitable 
dosage of PGW was 5 ton ha-1. Khan et al. [38] 
stated that growth is the increment in mass, volume, 
length or area of biomass that results from the divi-
sion, expansion, and differentiation of cells during 
crop growth. Korkmaz and Gülser [39] stated that 
1.25, 5.00 and 10.00 ton ha-1 applications of PGW 
at the tillering of rice plants increased the rice stalk 
plus grain yield by 8.79, 19.01 and 6.56 %, respec-
tively; they also reported that the greatest increase 
in yield was at 5 ton ha-1 PGW application. Cut-
cliffe [40] reported an increase of 30% rate in the 
beet yield at 5.50 ton ha-1 of phosphogypsum 
broadcast on soils ranging from pH 4.9 to pH 5.7. 
Erol and Sevimay [41] reported a significant in-

y = -0,061x2 + 0,7647x + 6,2722

r = 0,842*

5

6

7

8

9

0 1 2 3 4 5 6 7 8 9 10

G
r
a

in
 y

ie
ld

, 
to

n
 h

a
-1

PGW application, ton ha-1

5,85

8,63



© by PSP  Volume 28 – No. 11A/2019 pages 8814-8822                       Fresenius Environmental Bulletin 

 

 

8817

crease (P<0.05) in forage yield in clover and 
smooth brome grass after phosphogypsum applica-
tion. Mesic et al. [42] reported that the application 
of 12.5 and 25 ton ha-1 PGW to corn and winter 
wheat grown on dystric luvic semi-gley soil in-
creased the yield by 10% and 15% compared to the 
control, respectively.  

Effect of phosphogypsum waste on grain 

nutrient contents. Mineral nutrient levels in the 
grains of corn plant increased with PGW applica-
tion in comparison to the control (Table 2; Figures 
2 and 3). According to the variance analysis, while 
the N, P, K, Ca, Zn and B nutrition of the grains of 
corn were found significantly increasing (P<0.05) 
at the 1 ton ha-1 doses of PGW, and Mg nutrition 

was found significantly (P<0.05) increasing at the 5 
ton ha-1 dose of PGW.  

Increasing PGW applications increased nitro-
gen (N) content in the grains of corn, and the higher 
increasing obtained from 10 ton ha-1 PGW dose 
(2.06 %), but it was statistically significant 
(P<0.05) at 5 ton ha-1 PGW (2.03 %). Also, these 
increasing were at a rate of 4.12 % 4.64 and 6.19, 
respectively. 

The phosphorus (P) content of the grains of 
corn for the three PGW applications was higher 
than the control, with the highest P content (0.54%) 
obtained with 1 ton ha-1 PGW application. Howev-
er,   

TABLE 2 

Corn grain yield and grain nutrient concentrations as affected by PGW application 

PGW Grain yield N P K Ca Mg Fe Mn Zn B 
ton ha-1 ton ha-1 ------------------------%------------------------ --------------mg kg-1-------------- 
Control 565c 1.94b 0.43c 1.54b 0.86b 0.33c 28.5 5.52 17.2b 19.4b 

1 784b 2.02ab 0.54a 1.67ab 1.02ab 0.35c 33.3 7.04 22.2ab 22.3a 
5 826a 2.03a 0.52ab 1.86a 1.13a 0.49a 43.9 7.23 20.9ab 22.3a 

10 789b 2.06a 0.47bc 1.77a 1.06a 0.41b 38.8 6.85 25.4a 22.6a 
Lsd0.05 1.76 0.08 0.06 0.20 0.11 0.05 ns ns 6.41 3,22 

PGW: Phosphogypsum Waste; N: Nitrogen; P: Phosphorus; K: Potassium; Ca: Calcium; Mg: Magnesium; Fe: Iron; Mn: 
Manganese; Zn: Zinc; B: Boron  
 

 
FIGURE 2 

The effects of PGW on the grain of corn, leaf and stem macro nutrient contents 

 

 
FIGURE 3 

The effects of PGW on the grain of corn, leaf and stem micro nutrient contents 
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the curve generated with regression analysis 
showed the optimum P content (0.54%) at 4.30 ton 
ha-1 PGW addition (Figure 4). The phosphorus 
content increased by 25.58%, 20.93% and 9.30% 
with the 1, 5 and 10 ton ha-1 PGW applications, 
respectively, in comparison to the control. These 
results are in general agreement with the literature 
in that phosphorus application is well documented 
to positively influence the grain yield [43, 44, 45, 
46 and 47]. 
 

 
FIGURE 4 

The effects of PGW on the grain of corn 

P contents 
 

PGW application amounts up to 5 ton ha-1 in-
creased potassium, calcium and magnesium con-
tents of the corn grain, and the highest contents 
were obtained from the 5 ton ha-1 PGW application 
(1.86%, 1.13%, and 0.49% for the 5 ton ha-1 appli-
cations, respectively). The increments of the K, Ca, 
Mg contents for the 1, 5 and 10 ton ha-1 PGW ap-
plications were 8.44%, 20.78% and 14.94%, re-
spectively; 18.60%, 31.39% and 23.26%, respec-
tively; and 6.06%, 48.48% and 24.24%, respective-
ly, in comparison to the control. 

The highest iron and manganese contents of 
the corn grains of 43.9 mg kg-1 and 7.23 mg kg-1, 
respectively, were obtained from the 5 ton ha-1 

PGW application. The iron and manganese concen-
trations obtained from the 1, 5 and 10 ton ha-1 PGW 

doses in comparison to the control increased 
by17.15%, 54.08% and 36.30%, respectively, and 
27.54%, 30.98% and 24.09%, respectively.  

The highest zinc (25.41 mg kg-1) and boron 
(22.62 mg kg-1) contents in the corn grain were 
obtained from the 10 ton ha-1 PGW application. The 
Zn and B contents from the 1, 5 and 10 ton ha-1 
PGW increased by 29.08%, 21.85% and 48.08%, 
respectively; and 14.43%, 14.95% and 16.95%, 
respectively, in comparison to the control.  
 

Effect of phosphogypsum waste on leaf nu-

trient contents. The mineral nutrient contents of 
the corn plant leaves increased with increasing 
PGW applications in comparison to the control 
(Table 3) (Figures 2 and 3). Nitrogen content in-
creased with increasing PGW doses, and the highest 
N content (3.74%) was obtained from the 10 ton ha-

1 application The N contents of the leaves increased 
with the 1, 5, and 10 ton ha-1 PGW application and 
were 1.69%, 3.65% and 5.06%, respectively, com-
pared with the control (no PGW application).  

Phosphorus contents of the corn leaves in-
creased with higher PGW doses, with the highest P 
content (0.72%) obtained from 10 ton ha-1 PGW 
applications. The increased P contents of leaves at 
1, 5, and 10 ton ha-1 PGW were 16.98%, 32.08% 
and 35.85%), respectively, compared with the con-
trol (no PGW application) but the highest corn leaf 
P content (0.73%) obtained with regression analysis 
was from a 6.32 ton ha-1 PGW (Figure 5). The po-
tassium and calcium contents of the corn leaves 
increased relative to the control at higher PGW 
doses, and the highest contents of 0.42% and 
1.13%, respectively, were obtained from the 5 ton 
ha-1 of PGW doses. The increases in the K and Ca 
contents of leaves at 1, 5, and 10 ton ha-1 PGW 
application were 6.06, 27.27 and 24.23%, respec-
tively; 18.60, 31.40 and 23.26%, respectively, com-
pared with the control (no PGW application). 
Elloumi et al. [48] reported that 5% PG application 
to the soil under greenhouse conditions increased 
the K and Na concentrations in the leaves of sun-
flower plants compared to the control but reduced 
the Ca concentration. 

 

 

TABLE 3 

Corn leaf nutrient concentrations as affected by PGW application 

PGW N P K Ca Mg  Fe Mn Zn B 
ton ha-1 ------------------------%------------------------  --------------mg kg-1-------------- 
Control 3.56 0.53b 0.33c 0.86b 0.11c  104b 30.5b 26.1b 33.3d 

1 3.62 0.62a 0.35c 1.02a 0.14b  161a 48.7a 30.6b 37.4c 
5 3.69 0.70a 0.42a 1.13a 0.15b  162a 48.9a 34.8b 49.5a 

10 3.74 0.72ab 0.41b 1.06a 0.16a  134ab 42.3ab 48.2a 41.1b 
Lsd0.05 ns 0.06 0.06 0.12 0.05  15.2 14.3 11.4 10.3 

PGW: Phosphogypsum Waste; N: Nitrogen; P: Phosphorus; K: Potassium; Ca: Calcium; Mg: Magnesium; Fe: Iron; Mn: 
Manganese; Zn: Zinc; B: Boron 
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FIGURE 5 

The effects of increasing PGW applications on 

P content of corn leaves 

 
The highest iron (Fe) (162.2 mg kg-1), manga-

nese (Mn) (48.92 mg kg-1) and boron (B) (0.49 mg 
kg-1) contents of corn leaves were obtained at 5 ton 
ha-1 PGW. The increased percentage contents of Fe, 
Mn and B in leaves at 1, 5, and 10 ton ha-1 PGW 
application were 54.50, 55.36 and 28.45%, respec-
tively; 60.03, 60.66 and 38.78%, respectively; and 
12.10, 48.45 and 24.26%, respectively, in compari-
son to the control (no PGW application). The mag-
nesium and zinc contents of the corn leaves ob-
tained from 10 ton ha-1 PGW applications were 
0.163% and 48.23 mg kg-1, respectively. The Mg 
and Zn contents of the leaves increased at 1, 5 and 
10 ton ha-1 of PGW application to 20.35, 29.20 and 
44.25%, respectively; and 17.33, 33.28 and 
84.93%, respectively, in comparison to the control 
(no PGW application). The variance analysis results 
showed that the P, Ca, Fe, and Mn contents of the 
corn leaves were significantly affected (P<0,05) at 
the 1 ton ha-1 application of PGW, as were the K 
and B contents at 5 ton ha-1, and also the Mg and 
Zn contents at1 ton ha-1 of PGW. 

 
Effect of phosphogypsum waste on stem nu-

trient contents. The mineral nutrient content of 
corn plant stems was higher for the PGW treat-
ments than the controls (Table 4; Figures 2 and 3). 
The nitrogen (N) content of the stems increased for 

all PGW doses, and the highest N content (0.93%) 
was obtained at 5 ton ha-1 of PGW. The highest 
increasing at 1, 5, and 10 ton ha-1 of PGW applica-
tions were found by 16.44, 27.40 and 17.81%, re-
spectively, in comparison to the control. Demir and 
Basalma [49] reported that the interaction of N and 
S had a significant effect on the N content of sun-
flower grains. Also, they stated that the highest 
grain N content was obtained at 120 kg N ha-1 and 
150 kg S ha-1.  

The phosphorus content of the stems was 
higher for all three PGW applications than the con-
trol, with the highest P content (0.094%) was ob-
tained from 1 ton ha-1 PGW. The P contents of the 
stems for 1, 5, and 10 ton ha-1 PGW application 
were 46.88, 26.56 and 42.19%, respectively, com-
pared to the control. But the highest corn stem P 
content (0.09%) obtained through regression analy-
sis was 7.43 ton ha-1 PGW (Figure 6).  

The potassium and calcium contents of the 
stems were higher for all the PGW applications, 
with the highest contents obtained from the 5 ton 
ha-1 of PGW being 0.93% and 0.78%, respectively, 
for P and Ca, respectively. The K and Ca contents 
of stems at 1, 5 and 10 ton ha-1 PGW were 25.00, 
36.76 and 4.41% higher, respectively; and 18.60, 
31.40 and 23.26% higher, respectively, than the 
controls.  
 

 
FIGURE 6  

The effects of PGW on corn stem P contents 

 

 

TABLE 4 

Corn stem nutrient concentrations as impacted by PGW application 

PGW N P K Ca Mg  Fe Mn Zn B 
ton ha-1 ------------------------%------------------------  --------------mg kg-1-------------- 
Control 0.73 0.06 0.68b+ 0.58c 0.16  28.6b 28.6b 23.4b 68.1d 

1 0.85 0.09 0.85b 0.61c 0.18  33.3ab 38.3a 24.5b 85.4b 
5 0.93 0.08 0.93a 0.78a 0.17  42.8a 28.5b 31.4ab 115.3a 
10 0.86 0.09 0.71b 0.70b 0.19  43.9a 27.2b 36.8a 71.5c 

Lsd0.05 ns ns 0.20 0.08 Ns  11.5 5.99 9.58 10.4 
PGW: Phosphogypsum Waste; N: Nitrogen; P: Phosphorus; K: Potassium; Ca: Calcium; Mg: Magnesium; Fe: Iron; Mn: 
Manganese; Zn: Zinc; B: Boron  

y = -0,003x2 + 0,0473x + 0,5491
r = 0,974**
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The highest Mg and Fe contents of the stems was 
obtained from 10 ton ha-1 PGW application, respec-
tively 0.19 % and 43.9 mg kg-1, while the highest 
Zn content was found as 38.3 mg kg-1 from 1 ton 
ha-1 PGW application. The increasing ratio of Mg, 
Fe, and Zn contents of the stems at 1, 5, and 10 ton 
ha-1 PGW application were 12.50, 6.25 and 18.75%, 
respectively; 16.45, 49.35 and 53.16%, respective-
ly; and 4.92, 34.55 and 57.41%, respectively, high-
er than the control. The highest Mn and B contents 
of the corn stems were obtained with the 1 and 5 
ton ha-1 PGW applications at 38.3 mg kg-1 and 
115.3 mg kg-1, respectively. In addition, the B con-
tents of stems at 1, 5, and 10 ton ha-1 PGW applica-
tion increased by 25.00, 69.12 and 4.41%, respec-
tively, with respect to the controls. 

According to the variance analysis results, the 
Fe and Mn concentrations of corn plants were sig-
nificantly higher (P<0.05) than the controls at 1 ton     
ha-1  of PGW, and the K, Ca, Zn and B concentra-
tions were significantly higher (P<0.05) at 5 ton ha-

1. Obtained findings were found accordantly by 
researchers that inform to increase the Ca, Zn and 
Mn uptake of PG applied the rice plant. The appli-
cation of PG also increased Ca, Zn and Mn uptake 
when PG was applied to rice plants [33], and also 
increased Ca, Fe, Mn and Zn uptake in the sugar 
beet [40]. The concentrations of crop nutrients 
overall were within the critical levels [50]. Mills 
and Jones [51] reported that the critical nutrient 
range in leaves and stems for optimum corn growth 
were  3.0-3.5 N %; 0.2-0.4 P %; 2.0-2.5 K %; 0.2- 
0.5 Ca %; 0.13-0.3 Mg %; 10-200 mg Fe kg-1; 15-
60 mg Zn kg-1; 15-300 mg Mn kg-1, and 3-15 mg 
kg-1 Cu) and 3.0-5.0 N %; 0.3-0.5 P %; 2.5-4.0 K 
%; 0.3-0.7 Ca %; 0.15-0.45 Mg %; 50- 250 mg Fe 
kg-1; 20-60 mg Zn kg-1; 20-300 mg Mn kg-1; and 4-
20 mg Cu kg-1, respectively.  
 
 
CONCLUSIONS 

 
The results of that present study indicate that 

PGW applications can significantly affect both the 
corn yield and mineral nutrient concentration in 
grain, stems and leaf parts. Corn yield increased 
with higher PGW doses. The highest yield was 
obtained from 1ton ha-1 PGW (8.26 ton ha-1) doses 
by increasing approximately at rate of 46.19 %.  

Macro and micro nutrient contents of corn 
plants increased with the different application rates 
of PGW. The low application dose of PGW gener-
ally increased N, P, K, Ca, Zn and B contents in 
leaf and grain, and Fe and Mn contents in stem of 
corn. On the other hand, the higher dose applica-
tions of PGW generally increased K, Mg, B, Zn 
content in leaf and stem of corn plant.  

The results obtained show that the yield and 
for increasing mineral nutrition elements of corn 
plants should be recommended to the 1 and 5 ton 

ha-1 doses of PGW. These findings strongly suggest 
that PGW application increases corn yield and its 
mineral nutrient. Further research should be con-
ducted on PGW application to examine the duration 
of its effects as well as its environmental and eco-
nomic advantages for soils and plants. 
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