
Journal of Crop Nutrition Science  
ISSN: 2423-7353 (Print) 2538-2470 (Online)  
Vol. 3, No. 3, 2017  
http://JCNS.iauahvaz.ac.ir                     OPEN ACCESS 

*Corresponding Author: Arash Roozbehani  roozbahani@riau.ac.ir  

 

Maize (Zea mays L.) Agro-Physiological Response to Potassium and Iron  
Fertilizer under Water Deficit Stress  

 
Saeed Reza Yaghoobi1, Arash Roozbehani 2*, Mohammad Reza Akhavan Mohseni 2 

 
1- Professor Assistant, Faculty of Agriculture, Samangan Branch, Technical and Vocational Uni-
versity (TVU), North Khorasan, Iran.  
2- Department of Agronomy and Plant Breeding, Roudehen Branch, Islamic Azad University, 
Roudehen, Iran.  

 
RESEARCH ARTICLE  © 2015 IAUAHZ Publisher All Rights Reserved.  
ARTICLE INFO.  
Received Date: 3 Jul. 2017  
Received in revised form: 4 Aug. 2017  
Accepted Date: 2 Sep. 2017  
Available online: 30 Sep. 2017  

To Cite This Article: Saeed Reza Yaghoobi, Arash 
Roozbehani, Mohammad Reza Akhavan Mohseni. Maize 
(Zea mays L.) Agro-Physiological Response to Potassium 
and Iron Fertilizer under Water Deficit Stress. J. Crop. 
Nut. Sci., 3(3): 37-48, 2017.  

ABSTRACT 
This research was conducted to evaluate effect of potassium and iron fertilizers on 
agro-physiological traits affected different irrigation regime of corn in Shahryar (Te-
hran province, central of Iran) via a split-split plots arrangement based on randomized 
complete blocks design with three replications during 2015. The main plot included 
different irrigation regime (Normal irrigation and stop irrigation at grain filling pe-
riod). Sub plot consisted different level of K2O (0, 25, 50 kg.ha-1), from water soluble 
potassium sulfate source. Sub-sub plot included Fe-EDDHA that apply as fertigation 2 
kg.ha-1, foliar application Fe-EDTA 2 kg.ha-1, and no iron fertilizer application as con-
trol. Application of Fe-EDDHA as fertigation and Fe-EDTA as foliar application in 
normal irrigation increased corn seed yield from 5232 kg.ha-1 in control to 6622 and 
6464 kg.ha-1 respectively but in water deficit situation were not effective. In normal 
irrigation, application 25 and 50 kg.ha-1 soluble potassium sulfate increased corn seed 
yield from 5294 kg.ha-1 in control to 6975 and 6048 kg.ha-1 respectively. Under water 
deficit stress application of 25 and 50 kg.ha-1 soluble potassium sulfate increased corn 
seed yield from 3921 kg.ha-1 to 4794 and 4807 kg.ha-1 respectively. Maximum corn 
seed yield was achieved when 25 kg.ha-1 soluble potassium sulfate and Fe-EDDHA 
applied together in 6392 kg.ha-1. Application soluble potassium sulfate and iron fertil-
izers increased chlorophyll a, b, and total content in different irrigation regimes. How-
ever fertigation of soluble potassium sulfate along with Fe-EDDHA was more efficient 
to improve chlorophyll a, b, and total and seed yield in water deficit situation.  
Key words: Corn, Fertigation, Foliar application, Seed yield  
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INTRODUCTION 
Water is about to become increas-

ingly limited for crop production (Mar-
tineau et al., 2017). Maize is the one of 
the important field crops in creating 
human food security (Afarinesh, 2015; 
Shiri et al., 2015). Drought is one of the 
factors which threaten agriculture prod-
ucts in most parts of the world (Abol-
hasani and Saeidi, 2004; Banziger et al., 
2002). It causes stress in plants and is 
not only caused by the reduction of 
rainfalls and great heat, but in the cases 
where there is moisture in the soil, this 
moisture cannot be used for plants for 
some reasons such as excessive soil sa-
linity or soil frost, and plants will be 
stressed (Baydar and Erbas, 2005). 
Drought and water shortage are consid-
ered an objective reality. In the past, 
water crisis was not as significant as 
today, since the population was less, but 
with the population increase by about 
six times and the need for more food 
during the last 100 years, the incidence 
of this crisis has become more evident 
than the past (Chimenti et al., 2002). 
Production of maize for forage or seed 
requires a lot of water. However in last 
decades breeders focused on introduc-
ing drought tolerant crops (Tabatabaei 
and Shaleri, 2015) but plant nutrition 
got a special consideration in water 
deficit situation (Norastehnia and Far-
jadi, 2016). Between plant nutrition ele-
ments, potassium has a special value in 
biotic and abiotic stresses like drought 
stress. Potassium has many physiologi-
cal role in plants such as enzymes acti-
vation in biological compounds synthe-
sis, plant water relationship and 
stomates opening, photosynthesis and 
biomaterial transport, induction plant 
response to biotic and abiotic stresses 
(Oosterhuit et al., 2013). There have 
been reports of positive effects of potas-
sium on drought stress (Martineau et 
al., 2017), salinity stress (Ullah Jan et 

al., 2017), chilling stress (Karimi, 
2017), fungal disease (Zimerman Lax et 
al., 2018). Research has shown potas-
sium availability in plants under 
drought stress will increase water ab-
sorption by root cells and root extend-
ing in soil improve its access to new 
water and nutrition contents (Grzebisz 
et al., 2013). This reduces effects of 
drought stress on plant (Zahoor et al., 
2017) and prevents senescence (Lv et 
al., 2017). Potassium is not only an es-
sential macronutrient for plant growth 
and development, but also is a primary 
osmotic in maintaining low water po-
tential of plant tissues. Therefore, for 
plants growing in drought conditions, 
accumulating abundant K+ in their tis-
sues may play an important role in wa-
ter uptake along a soil–plant gradient. In 
general, K+ is accumulated in response 
to soil water deficits, while Na+ is ac-
cumulated under saline conditions 
(Glenn et al., 1996). Amalia-Muhd-Zain 
and Razi-Ismail (2016) reported appli-
cation potassium in potassium chloride 
and potassium sulfate forms eliminated 
water deficit stress on rice growth and 
development. They emphasized potas-
sium chloride was more effective than 
potassium sulfate in water deficit elimi-
nation. There are some researches that 
confirm potassium efficacy in subtrac-
tion of drought stress in field crop such 
as safflower (Abedi Baba- Arabi et al., 
2012), canola (Fanaei et al., 2011), ses-
ame (Aien, 2012), wheat (Ramezanpour 
et al., 2009), tobacco (Norastehnia and 
Farjadi, 2016) and sorghum (Khezerloo 
et al., 2010). Iron is a micro nutrient 
element which has especial role in plant 
photosynthesis. But because of high 
content of carbonate and bicarbonate in 
soils from Iran, iron deficiency is obvi-
ous in sensitive crops (Martinez-Cuenca 
et al., 2013). Furthermore water deficit 
stress complicated the problem. How-
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ever application of chelated iron fertil-
izer somewhat solve the problem. 
Movahhedi Dehnavi and Jalil 
Sheshbahre (2017) showed that photo-
system II of soybean leaves impressed 
by drought stress and photosynthesis 
reduced but application of iron and zinc 
fertilizers retrieved it. Also Ahmadi et 
al. (2016) obtained similar results about 
iron fertilizer on chick pea photosynthe-
sis under drought stress. Goleg et al. 
(2016) indicated foliar application of 
ferrous nano oxide one kg.ha-1 pre-
vented the effects of drought stress on 
sesame. Dindoost and Yousefzadeh 
(2014) found that foliar application of 
iron fertilizer increased sunflower yield 
and oil percent under drought stress. 
Climate change caused long term 
droughts in some regions of world and 
agricultural products have been affected 
extensively. Under water shortage con-
ditions, the effectiveness of fertilizers 
decreases, especially if consumption of 
these fertilizers is not compatible with 
the vegetative growth of plants. How-
ever, it should be noted that soils of 
Iran, which are categorized under the 
calcareous soils, due to drought stress, 
salinity, being calcareous, highly acid-
ity, having low contents of organic ma-
terials, continuing drought, and continu-
ing unbalanced consumption of fertiliz-
ers, iron and potassium contents are too 
low. Therefore, the plants which grow 
in such soils are mainly suffered from 
shortage of iron and potassium and 
shortage indications are observed in 
them (Jaleel et al., 2009). However wa-
ter supply for agriculture is getting 
harder every year but it is possible to 
produce satisfactory yield with a proper 
nutrient management under limit water 
resources. Main goal of research is in-
vestigation of potassium and iron fertil-
izers application on corn physiological 
properties under water deficit stress.  
 

MATERIALS AND METHODS  
Field and Treatment Information  

This research was conducted to 
evaluate effect of potassium and iron 
fertilizers on agro-physiological traits 
affected different irrigation regime in 
Shahryar (Tehran province, central of 
Iran) via a split split plots arrangement 
based on randomized complete blocks 
design with three replications during 
2015. Soil texture of research field was 
sandy loam with pH 7.8. Soil analysis 
results are shown in table 1. The main 
plot included different irrigation regime 
(Normal irrigation and stop irrigation at 
grain filling period). Sub plot included 
different level of K2O (0, 25, 50 kg.ha-

1), from water soluble potassium sulfat 
(Solupotasse, Tessenderlo Group, Bel-
gium) source. Sub-sub plot included Fe-
EDDHA [Fe- Ethylene di amine-N, N'-
bis (2-hydroxy phenyl acetic acid)] that 
apply as fertigation 2 kg.ha-1, foliar ap-
plication Fe-EDTA [Fe Ethylenediami-
netetra acetic acid] 2 kg.ha-1, and no 
iron fertilizer application as control.  
 
Table 1. Result of soil chemical analysis  

TNV (%) 12 
N (%) 2.66 
P2O5 (ppm) 0.22 
K2O (ppm) 10 
MgO (ppm) 2.8 
Fe (ppm) 0.16 
Zn (ppm) 0.9 

 

Farm Management  
Soil preparation was done with plow-

ing and disking operation. Corn seeds 
SC704 variety was sown with 75 cm 
inter row distances with density of 
10000 plants per hectare. Experimental 
plots included four cultured row with 5 
m length. The irrigation was carried out 
at intervals five days and weeds were 
removed manually.  
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Potassium sulfate and Fe-EDDHA 
applied as fertigation and Fe-EDTA ap-
plied as foliar in in early corn tasseling 
stage. Water deficit stress treatment was 
carried out by stop irrigation in milky 
seed filling stage of corn.  
 
Measured Traits  

Chlorophyll a, b, total and carotenoid 
were measured in method by Arnon 
(1967). Leaf samples of corn obtained 
from nearest leaves to ear in milky seed 
filling stage. For pigments extract 0.5 g 
fresh corn leaf crushed in 10 ml acetone 
80% solvent then its volume adjusted to 
20 ml. The spectrophotometer was cali-
brated at zero absorption using a blank 
of pure solvent. Absorbance of samples 
measured at 645 and 663 nm no longer 
than 20 minutes after extraction. The 
equations 1, 2, 3 and 4 were used for 
chlorophyll and carotenoid calculation:  
Equ. 1. Chl.a (mg.g-1 FWL) = [12.7 (A663)-
2.69 (A645)] V/1000×W  
Equ. 2. Chl.b (mg.g-1 FWL) = [22.9 (A645)-
4.68 (A663)] V/1000×W  
Equ. 3. Chl.total (mg.g-1 FWL) = Chl.a + 
Chl.b  
Equ. 4. Carotenoid = [1000 (A470) – 1.8 
(Chl.a) - 85.02 (Chl.b)] × 20  

Chl.a: Chlorophyll a, Chl.b: Chloro-
phyll b, FWL: Fresh weight leaf, A = 
absorbance at specific wave length, V= 
final volume of chlorophyll extract in 
80 % acetone. W= fresh weight of tis-
sue extract.  
At corn harvest, considering the mar-
ginal effects, two meter squares of each 
plot harvested and seed and biological 
yield measured. Harvest index calcu-
lated with equation 5 (Donald and 
Hamblin, 1976):  
Equ. 5. Harvest index = (Seed yield/ Bio-
logical yield)*100  
 
Statistical Analysis  

Statistical analysis (ANOVA) was 
applied with using the by the SAS soft-
ware (Ver.9.1). The differences between 

treatment means were assessed by least 
significant difference (LSD) test at 5% 
probability level.  
 
RESULT  
Chlorophyll a  

Result of analysis of variance 
showed that the effect of different levels 
of irrigation regime, potassium and iron 
fertilizer and interaction effect of treat-
ments (instead irrigation regime × po-
tassium × iron) on chlorophyll a was 
significant at 1% probability level (Ta-
ble 2). Mean comparison result of inter-
action effect of different level of irriga-
tion regime and potassium fertilizer in-
dicated that maximum chlorophyll a 
(2.70 mg.g-1) was noted for normal irri-
gation with use 25 kg.ha-1 K2O and 
minimum of that (1.40 mg.g-1) belonged 
to water stress with non-use potassium 
fertilizer treatment (Fig.1a). As for LSD 
classification made with respect to in-
teraction effect of different level of irri-
gation regime and iron fertilizer maxi-
mum and minimum amount of chloro-
phyll a belonged to normal irrigation 
with use Fe-EDDHA (2.25 mg.g-1) and 
water stress with non-use iron fertilizer 
(1.60 mg.g-1) (Fig.1b). According mean 
comparison result of interaction effect 
of different level of potassium and iron 
fertilizer maximum amount of chloro-
phyll a (2.30 mg.g-1) was obtained for 
25 kg.ha-1 K2O with use Fe-EDDHA 
and minimum of that (1.38 mg.g-1) was 
for control treatment (Fig.1c).  
 
Chlorophyll b  

According result of analysis of vari-
ance the effect of different levels of ir-
rigation regime, potassium and iron fer-
tilizer and interaction effect of treat-
ments (instead irrigation regime × po-
tassium × iron) on chlorophyll b was 
significant at 1% probability level (Ta-
ble 2).  
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Evaluation mean comparison interac-
tion effect of different level of irrigation 
regime and potassium fertilizer revealed 
the maximum amount of chlorophyll b 
(1.26 mg.g-1) was noted for normal irri-
gation with use 25 kg.ha-1 K2O and 
minimum of that (0.48 mg.g-1) belonged 
to water stress with non-use potassium 
fertilizer treatment (Fig.2a). Assessment 
result of interaction effect of different 
level of irrigation regime and iron fertil-
izer showed the maximum chlorophyll b 
(1.14 mg.g-1) was noted for normal irri-

gation with use Fe-EDDHA and mini-
mum of that (0.47 mg.g-1) belonged to 
water stress with non-use iron fertilizer 
(Fig.2b). Evaluation mean comparison 
result of interaction effect of different 
level of potassium and iron fertilizer 
indicated maximum amount of chloro-
phyll b (1.17 mg.g-1) was noted for 25 
kg.ha-1 K2O with use Fe-EDDHA and 
lowest one (0.44 mg.g-1) belonged to 
control treatment (Fig.2c).  
 

 
Table 2. Result of Analysis of variance of the effect of different level of irrigation regime, po-

tassium and iron fertilizer on measured traits  

S.O.V df 
Chlorophyll 

a 
Chlorophyll 

b 
Total  

chlorophyll 
Carotenoid to  

chlorophyll ratio 
Seed  
yield 

Block 2 0.0097ns 0.018ns 0.051ns 0.00027ns 107725ns 
Irrigation (I) 1 3.27** 2.17** 10.77** 0.24* 25100698** 
Main Error 2 0.018 0.024 0.088 0.0004 184545 
Potassium (P) 2 0.59** 0.51** 2.18** 0.0014ns 3846645** 
I×P 2 0.41** 0.43** 1.72** 0.00011 2622892** 
Sub Plot Error  8 0.026 0.027 0.1 0.00034 108471 
Iron (Ir) 2 0.51** 0.37** 1.77** 0.0029ns 3679020** 
I × Ir 2 0.29** 0.26** 1.12** 0.00067ns 1770283** 
P ×Ir 4 0.16** 0.17** 0.65** 0.00012ns 1045386** 
I× P ×Ir 4 0.165ns 0.158ns 0.67ns 0.0012ns 919120ns 
Sub Sub Plot 
Error 

24 0.047 0.04 0.17 0.00089 290065 

CV (%) - 11.9 28 16.4 25 9.9 
ns, * and ** are non-significant and significant at 5 and 1% probability levels, respectively.  

 
Total chlorophyll  

According result of analysis of vari-
ance the effect of different levels of ir-
rigation regime, potassium and iron fer-
tilizer and interaction effect of treat-
ments (instead irrigation regime × po-
tassium × iron) on total chlorophyll was 
significant at 1% probability level (Ta-
ble 2). Assessment mean comparison 
interaction effect of different level of 
irrigation regime and potassium fertil-
izer indicated the maximum rate of total 
chlorophyll (3.69 mg.g-1) was noted for 
normal irrigation with use 25 kg.ha-1 
K2O and lowest one (2.02 mg.g-1) be-
longed to water stress with non-use po-
tassium fertilizer treatment (Fig.3a). 

Evaluation result of interaction effect of 
different level of irrigation regime and 
iron fertilizer revealed the maximum 
rate of total chlorophyll (3.46 mg.g-1) 
was noted for normal irrigation with use 
Fe-EDDHA and minimum of that (1.99 
mg.g-1) belonged to water stress with 
non-use iron fertilizer (Fig.3b). Accord-
ing mean comparison result of interac-
tion effect of different level of potas-
sium and iron fertilizer the maximum 
rate of total chlorophyll (3.46 mg.g-1) 
was noted for 25 kg.ha-1 K2O with use 
Fe-EDDHA and the lowest one (1.90 
mg.g-1) belonged to the control treat-
ment (Fig.3c).  
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Fig. 1. Mean comparison interaction effect 
of potassium fertilizer and irrigation regime 
(A), iron fertilizers and irrigation regime 
(B), potassium and iron fertilizers iron fer-
tilizer (C) on chlorophyll a concentration 
via LSD test at 5% probability level.  

 
Carotenoid to chlorophyll ratio  

Result of ANOVA showed only ef-
fect of different levels of irrigation re-
gime on carotenoid to chlorophyll ratio 
was significant at 5% probability level 
(Table 2). Compare different irrigation 
regime revealed maximum carotenoid to 
chlorophyll ratio (0.14) was observed in 
water stress and the lowest one (0.1) 
was found in normal irrigation (Fig.4).  
 
Seed yield  

According result of analysis of vari-
ance the effect of different levels of ir-

rigation regime, potassium and iron fer-
tilizer and interaction effect of treat-
ments (instead irrigation regime × po-
tassium × iron) on seed yield was sig-
nificant at 1% probability level (Table 
2). Mean comparison result of interac-
tion effect of different level of irrigation 
regime and potassium fertilizer indi-
cated that maximum seed yield (6975 
kg.ha-1) was noted for normal irrigation 
with use 25 kg.ha-1 K2O and minimum 
of that (3921 kg.ha-1) belonged to water 
stress with non-use potassium fertilizer 
treatment (Fig.5a).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Mean comparison interaction effect 
of potassium fertilizer and irrigation regime 
(A), iron fertilizers and irrigation regime 
(B), potassium and iron fertilizers iron fer-
tilizer (C) on chlorophyll b concentration 
via LSD test at 5% probability level.  
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Fig. 3. Mean comparison interaction effect 
of potassium fertilizer and irrigation regime 
(A), iron fertilizers and irrigation regime 
(B), potassium and iron fertilizers iron fer-
tilizer (C) on total chlorophyll concentra-
tion via LSD test at 5% probability level.  

 

With respect to interaction effect of 
different level of irrigation regime and 
iron fertilizer maximum and minimum 
seed yield belonged to normal irrigation 
with use Fe-EDDHA (6622 kg.ha-1) and 
water stress with non-use iron fertilizer 
(4572 kg.ha-1) (Fig.5b). According 
mean comparison result of interaction 
effect of potassium and iron fertilizer 
maximum amount of seed yield (6392 
kg.ha-1) was obtained for 25 kg.ha-1 
K2O with use Fe-EDDHA and mini-
mum of that (4402 kg.ha-1) was for con-
trol treatment (Fig.5c).  

 
 
 
 
 
 
 
 
 
 
Fig. 4. Mean comparison different level of 
irrigation regime on carotenoid to chloro-
phyll via LSD test at 5% probability level.  

 
DISCUSSION  
Application of soluble potassium sulfate 
in normal irrigation significantly in-
creased chlorophyll a, b and total con-
centration. Total chlorophyll concentra-
tion of corn reduced significantly when 
irrigation stopped in tasseling from 2.36 
to 1.99 mg.g-1 leaf fresh weight (Fig. 1a, 
2a and 3a) like chlorophyll a and b. Ap-
plication of Fe-EDDHA and Fe-EDTA 
caused maximum chlorophyll a, b and 
total concentrations in normal irrigation 
condition but in water deficit condition 
there was no significant difference be-
tween iron fertilizer application and 
control treatment (Fig. 1b, 2b and 3b). 
Maximum total chlorophyll concentra-
tion was 3.69 mg.g-1 leaf fresh weights 
when soluble potassium sulfate used in 
25 kg.ha-1. In water deficit condition 
application soluble potassium sulfate 
changed chlorophyll concentration 2.02 
to 2.12 mg.g-1 corn leaf fresh weight 
which there was no significance (Fig. 
3a). It was happened for chlorophyll a 
and b too (Fig. 1a, 2a). As results appli-
cation of iron fertilizer increased chlo-
rophyll concentration from 1.9 mg.g-1 
corn leaf fresh weight to 2.36 mg.g-1 
corn leaf fresh weight in Fe-EDDHA 
fertigation and 2.37 mg.g-1 corn leaf 
fresh weight in Fe-EDTA foliar applica-
tion under no soluble potassium sulfate 
application.  

A 

B 

C 
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Fig. 5. Mean comparison interaction effect 
of potassium fertilizer and irrigation regime 
(A), iron fertilizers and irrigation regime 
(B), potassium and iron fertilizers iron fer-
tilizer (C) on seed yield concentration via 
LSD test at 5% probability level.  
 
Application 25 kg.ha-1 increased total 
chlorophyll concentration from 2.17 
mg.g-1 corn leaf fresh weight to 3.46 
mg.g-1 corn leaf fresh weight in Fe-
EDDHA fertigation and 3.08 mg.g-1 
corn leaf fresh weight in Fe-EDTA 
foliar application (Fig. 3c). The similar 
results obtained for chlorophyll a and b 
(Fig. 1c, 2c). However potassium and 
iron fertilizers application increased 
chlorophyll a, b and total in corn leaves 
in normal irrigation but in water deficit 
stress which was interrupted irrigation 
in corn milky seed filling stage did not 

changed chlorophyll concentration. Lv 
et al. (2017) showed potassium applica-
tion after pollination stage increased 
chlorophyll concentration in wheat. As-
gharipour and Heidari (2011) reported 
sulfate potassium application increased 
sorghum leaves chlorophyll content. 
They revealed potassium availability in 
soil caused drought resistance in sor-
ghum. As shown in Fig. 4, in normal 
irrigation ratio of carotenoid to chloro-
phyll was 0.1 but under water deficit 
situation the ratio of carotenoid to chlo-
rophyll obtained 0.14. It seems that the 
chlorophyll content of corn leaves is 
more affected by water deficit stress 
than carotenoids (Fig. 4). In normal ir-
rigation, application 25 and 50 kg.ha-1 
soluble potassium sulfate increased corn 
seed yield from 5294 kg.ha-1 in control 
to 6975 and 6048 kg.ha-1 respectively. 
Under water deficit stress application of 
25 and 50 kg.ha-1 soluble potassium sul-
fate increased corn seed yield from 
3921 kg.ha-1 to 4794 and 4807 kg.ha-1 

respectively (Fig. 5a). Application of 
Fe-EDDHA as fertigation and Fe-
EDTA as foliar application in normal 
irrigation increased corn seed yield 
from 5232 kg.ha-1 in control to 6622 
and 6464 kg.ha-1 respectively but in wa-
ter deficit situation were not effective 
(Fig. 5b). Maximum corn seed yield 
was achieved when 25 kg.ha-1 soluble 
potassium sulfate and Fe-EDDHA ap-
plied together in 6392 kg.ha-1 (Fig. 5c). 
In present world water deficiency is one 
the important problems especially in 
agriculture. Due to direct effect on root, 
water deficit stress has influence ad-
versely on nutrient absorption by plant 
(Wang et al., 2013). However proper 
nutrition program could reduce negative 
effects. Premachandra et al. (1991) re-
ported availability of potassium in-
creases corn resistance to drought stress 
because of osmotic balance improve-
ment.  

A 

B 

C 
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In present study potassium application 
along with normal irrigation have posi-
tive effects on chlorophyll a, b and total 
content and seed yield of corn. In water 
deficit situation however potassium ap-
plication had positive effects on men-
tioned traits but were not significant. 
Potassium has important role in trans-
port and metabolism of poly saccharides 
and amino acids on sink (Hu et al., 
2018) and sink content is directly con-
cern to cereal seed filling (Lv et al., 
2017; Arif et al., 2017). In other hand 
potassium is important in opening of 
stomata and adaptation to surrounding 
environment (Hasanuzzaman et al., 
2018) and leaf long life (Lv et al., 
2017). There are similar reports about 
potassium important role in cotton (Za-
hoor et al., 2017), rice (Chen et al., 
2017) corn (Aslam et al., 2013), and 
sunflower (Soleimanzadeh et al., 2010). 
Under normal irrigation in present study 
application iron fertilizer to both Fe-
EDDHA as fertigation and Fe-EDTA as 
foliar, had positive effects on chloro-
phyll a, b and total and seed yield of 
corn. Caliskan et al. (2008) revealed 
application of 400 gr.ha-1 Fe-EDTA 
along with 80 kg.ha-1 nitrogen had the 
best soybean yield. They emphasized 
application of coated nitrogen fertilizer 
along with Fe-EDTA as starter in-
creased early plant growth. Janmoham-
madi et al. (2018) reported application 
of iron and zinc fertilizers along with 
manure had good results on pea yield. 
Like this maximum sweet corn seed 
yield obtained when enriched vermin 
compost with iron sulfate and zinc sul-
fate along with foliar application of zinc 
and iron sulfate applied 20 to 40 days 
after planting (Arabhanvi and Hulihalli, 
2018). In present study however water 
deficit study reduced corn seed yield 
but iron fertilizer application somehow 
compensate the problem. Indeed Hei-
dari et al. (2011) indicated application 

of iron and sulfur fertilizers in water 
deficit stress affected significantly on 
iron and nitrogen content and yield of 
sesame.  
 
CONCLUSION  

However water deficit stress is one 
of the major problems for crop produc-
tion in present world but it could dimin-
ish somewhat by a proper plant nutri-
tion program. As results of present 
study soluble potassium sulfate applica-
tion along with Fe-EDDHA in milky 
seed filling could reduce somewhat ef-
fect of water deficit stress on corn.  
 
REFERENCES  
Abedi Baba-Arabi, S., M. Movahhedi 
Dehnavi, A. R. Yadavi. and E. Ad-
hami. 2012. Effects of Zn and K foliar 
application on physiological traits and 
yield of spring safflower under drought 
stress. E. J. Crop Prod. 4(1): 75-95. 
(Abstract in English)  
Abolhasani K. and G. Saeidi. 2004. 
Relationships between agronomic char-
acteristic of safflower under water stress 
and control. Iranian J. Field Crop Res. 
1: 127-138. (Abstract in English)  
Afarinesh, A., G. R. Fathi, Chugan, S. 
A. Syadat, Kh. Alamisaid. and S. R. 
Ashrafizadeh. 2015. Effects of drought 
stress and soil compaction on some ag-
ronomic traits of maize. J. Plant Prod. 
38(2): 13-24. (Abstract in English)  
Ahmadi, L., M. Ghobadi, A. Saeidi. 
and J. Ghaderi. 2016. The study of 
some physiologic and biochemical traits 
to drought stress and methods of Fe fer-
tilizer application in chickpea. J. Plant 
Process Function. 4(14): 165-176. (Ab-
stract in English)  
Aien, A. 2012. Proline and soluble car-
bohydrate contents and potassium, zinc 
calcium uptake in sesame cultivars un-
der drought stress. J. Crop Prod. Envi-
ron. Stress. 4(3): 39-48. (Abstract in 
English)  



Yaghoobi et al., Maize (Zea mays L.) Agro-Physiological Response to Potassium…                          46 

Amalia-Mohd-Zain, N. and M. Razi 
Ismail. 2016. Effects of potassium rates 
and types on growth, leaf gas exchange 
and biochemical changes in rice (Oryza 
sativa) planted under cyclic water 
stress. Agric. Water Manage. 164(1): 
83-90.  
Arabhanvi, F. and U. K. Hulihalli. 
2018. Agronomic fortification with zinc 
and iron to enhancing micronutrient 
concentration in sweet corn seed to 
ameliorate the deficiency symptoms in 
human beings. Intl. J. Current Micro-
Biol. Appl. Sci. 7(2): 333-340.  
Arnon, A. N. 1967. Method of extrac-
tion of chlorophyll in the plants. Agron. 
J. 23: 112-121.  
Arif, M., M. Tasneem, F. Bashir, G. 
Yahseen. and A. Anwar. 2017. 
Evaluation of different levels of potas-
sium and zinc fertilizer on growth and 
yield of wheat. Intl. J. Bio-Sensors Bio-
Electronics. 3(2): 57- 62.  
Asgharipour, M. R. and M. Heidari. 
2011. Effect of potassium supply on 
drought resistance in sorghum: plant 
growth and macronutrient content. 
Pakistan J. Agric. Sci. 48(3): 197-204.  
Aslam, M., M. S. I. Zamir, I. Afzal, M 
Yaseen, M. Mubeen. and A. Shoaib. 
2013. Drought stress, its effect on maize 
production and development of drought 
tolerance through potassium applica-
tion. Cercetari Agronomice in Moldova. 
2(154): 99-114.  
Banziger, M., G. O. Edmeades. and 
H. R. Lafitte. 2002. Physiological 
mechanisms contributing to the in-
creased N stress tolerance of tropical 
maize selected for drought tolerance. 
Field Crops Res. 75(3): 223-233.  
Baydar, H. and S. Erbas. 2005. Influ-
ence of seed development and seed po-
sition on oil, faty acids and total toco-
phorol contents in sunflower (Helian-
thus annuus L.). Turkish J. Agric. 29: 
179-186.  

Chimenti, C. A., J. Pearson. and A. J. 
Hall. 2002. Osmotic adjustment and 
yield maintenance under drought in sun-
flower. Field Crop Res. 75: 235-246.  
Caliskan, S., L. Ozkaya, M. E. Calis-
kan. and M. Arslan. 2008. The effects 
of nitrogen and iron fertilization on 
growth, yield and fertilizer use effi-
ciency of soybean in a Mediterranean-
type soil. Field Crop Res. 108(2): 126-
132.  
Chen, G., C. Liu, Z. Gao, Y. Zhang, 
H. Jiang, L. Zhu, D. Ren, L. Yu, G. 
Xu. and Q. Qian. 2017. OsHAK1, a 
High-Affinity potassium transporter, 
positively regulates responses to 
drought stress in rice. J. Frontiers in 
Plant Sci. 8: 1-17.  
Dindoost, S. and S. Yousefzadeh. 
2014. Zinc, iron and manganese fertiliz-
ers foliar application on sunflower 
(helianthus annuus L., Var. Haisan) un-
der drought stress. J. Res. Agron. Sci. 
6(22): 25-41. (Abstract in English)  
Donald, C. M. and J. Hamblin. 1976. 
The Biological yield and harvest index 
of cereals as agronomic and plant breed-
ing criteria. J. Adv. Agron. 28: 361-405.  
Fanaei, H. R., M. Galavi, M. Kafi, A. 
Ghanbari Bonjar. and A. H.Shirani-
Rad. 2011. Effect of drought stress and 
potassium on solutes accumulation and 
chlorophyll of canola and Indian mus-
tard. J. Water Soil Sci. 15(57): 141-156. 
(Abstract in English)  
Glenn, E., R. Pfister, J. J. Brown, T. 
L. Thompson. and J. Oleary. 1996. 
Na+ and K+ accumulation and salt toler-
ance of Atriplex canescens genotypes. 
Am. J. Bot. 83: 997-1005.  
Goleg, M., H. Ghorbani. and M. 
Baradarn Firozabadi. 2016. Effect of 
drought stress and foliar application of 
iron oxide nanoparticles on yield, ion 
content and photosynthetic pigments in 
sesame. Iranian J. Field Crop Sci. 46(4): 
619-628. (Abstract in English)  



Journal of Crop Nutrition Science, 3(3): 37-48, September 2017                                                          47 

 

Grzebisz, W., A. Gransee, W. Szcze-
paniak. and J. Diatta. 2013. The effect 
of potassium fertilization on water use 
efficiency in crop plants. J. Plant Nutr. 
Soil Sci. 176(3): 355-374.  
Hasanuzzaman, M., M. H. M. B. 
Bhuyan, K. Nahar, M. S. Hossain, J. 
A. Mahmud, M. S. Hossen, A. A. C. 
Masud, L. Moumita. and M. Fujita. 
2018. Potassium: A vital regulator of 
plant responses and tolerance to abiotic 
stress. Agron. J. 8(3): 31-38.  
Heidari, M., M. Galavi. and M. Has-
sani. 2011. Effects of sulfur and iron 
fertilizers on yield, yield components 
and nutrient uptake in sesame under wa-
ter stress. Afr. J. Bio-Tech. 10(44): 
8816- 8822.  
Hu, W., D. A. Loka, T. R. Fitzsimons, 
Z. Zhou. and D. M. Oosterhuis. 2018. 
Potassium deficiency limits reproduc-
tive success by altering carbohydrate 
and protein balances in cotton. Environ. 
Exp. Bot. 145: 87-94.  
Jaleel, C. A., P. Manivanannan, A. M. 
Wahid, H. J. Froog, R. Al-Juburi. 
and R. Somasundaram. 2009. Drought 
stress in plant: A review on morpho-
logical characters and pigments compo-
sition. Intl. J. Agric. Biol. 11: 100-105.  
Janmohammadi, M., H. Abdoli, N. 
Sabaghnia, M. Esmailpour. and A. 
Aghaei. 2018. The effect of iron, zinc 
and organic fertilizer on yield of chick-
pea in Mediterranean climate. Acta 
Universitatis Agriculturae Silviculturae 
Mendelianae Brunensis. 66(1): 49-60.  
Karimi, R. 2017. Potassium-induced 
freezing tolerance is associated with 
endogenous abscisic acid, polyamines 
and soluble sugars changes in grape-
vine. Scientia Horticulturae. 215(24): 
184-194.  
Khezerloo, F., F. Jalili. and J. Khalili 
Mahaleh. 2010. Drought stress and ni-
trogen and potassium on sorghum (Var. 
Speed feed) forage production. J. Res. 
Agron. Sci. 2(8): 51-66.  

Lv, X., T. Li, X. Wen, Y. Liao. and Y. 
Liu. 2017. Effect of potassium foliage 
application post-anthesis on seed filling 
of wheat under drought stress. Field 
Crops Res. 206: 95-105.  
Martineau, E., J .C. Domec, A. Bosc, 
P. Denoroy, V. A. Fandino, J. Lavres. 
And L. Jordan-Meille. 2017. The ef-
fects of potassium nutrition on water 
use in field-grown maize (Zea mays L.). 
Environ. Exp. Bot. 134: 62–71.  
Martinez-Cuenca, M. R., F. Legaz, 
M. A. Forner-Giner, E. Primo-Millo. 
and D. J. Iglesias. 2013. Bicarbonate 
blocks iron translocation from cotyle-
dons inducing iron stress responses in 
citrus roots. J. Plant Physiol. 170(10): 
899-905.  
Movahhedi-Dehnavi, M. and M. Jalil 
Sheshbahre. 2017. Soybean leaf 
physiological responses to drought 
stress improved via enhanced seed zinc 
and iron concentrations. J. Plant Process 
and Function. 5(18): 13-21. (Abstract in 
English)  
Norastehnia, A. and M. Farjadi. 
2016. The effect of the interaction be-
tween water stress and potassium nitrate 
on some of the physiological responses 
of Nicotiana tabacum L. Nova 
Biologica Reperta. 2(4): 260-271.  
Oosterhuit. D. M., D. A. Loka. and T. 
B. Raper. 2013. Potassium and stress 
alleviation: Physiological functions and 
management of cotton. Hournal Plant 
Nutr. Soil Sci. 176(3): 331-343.  
Premachandra, G. S., H. Saneoka. 
and S. Ogata. 1991. Cell membrane 
stability and leaf water relations as af-
fected by potassium nutrition of water-
stressed maize. J. Exp. Bot. 42(239): 
739-745.  
Ramezanpour, M. R., M. Dastfal. and 
M. J. Malakouti. 2009. Potassium ef-
fect on drought stress in wheat on Darab 
region, Fars province. Iranian J. Soil 
Sci. 22(1): 127-135. (Abstract in Eng-
lish)  



Yaghoobi et al., Maize (Zea mays L.) Agro-Physiological Response to Potassium…                          48 

Shiri, M. R., R. Choukan. and R. T. 
Aliyev. 2015. Drought stress effects on 
gene action and combining ability of 
maize inbred lines. Seed Plant Im-
provement J. 31(3): 421-440. (Abstract 
in English)  
Soleimanzadeh, H., D. Habibi, M. R. 
Ardakani, F. Paknejad. and F. Rejali. 
2010. fect of potassium levels on anti-
oxidant enzymes and malondialdehyde 
content under drought stress in sun-
flower (Helianthus annuus L.). Am. J. 
Agric. Biol. Sci. 5(1): 56-61.  
Tabatabaei, S. A. and E. Shaleri. 
2015. Short communication: effect of 
drought stress on maize hybrids yield 
and determination of the best hybrid 
using drought tolerance indices. Envi-
ron. Stress Crop Sci. 8(1): 121-125. 
(Abstract in English)  
Ullah Jan, A., F. Hadi, M. Midrarul-
lah, M. Asif Nawaz. and K. Rahman. 

2017. Potassium and zinc increase tol-
erance to salt stress in wheat (Triricum 
sativum L.). Plant Physiol. Bio-Chem. 
116: 139-149.  
Wang, M., Q. Zheng, Q. Shen. and S. 
Guo. 2013. The critical role of potas-
sium in plant stress response. Intl. J. 
Molecular Sci. 14(4): 7370-7390. 
Zahoor, R., W. Zhao, H. Dong, J. L. 
Snider, M. Abid, B. Iqbal. and Z. 
Zhou. 2017. Potassium improves pho-
tosynthetic tolerance to and recovery 
from episodic drought stress in func-
tional leaves of cotton. Plant Physiol. 
Bio-Chem. 119: 21-32.  
Zimerman-Lax, N., D. Tamir- Ariel, 
M. Shenker. and S. Burdman. 2017. 
Decreased potassium fertilization is as-
sociated with increased pathogen 
growth and disease severity caused by 
Acidovorax citrulli in melon foliage. J. 
General Plant Pathol. 84(1): 27-34.  

 
 
 


