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ABSTRACT 

 
A field experiment was carried out as split-split plot in 2014 to 
assess the effects of four irrigation treatments (irrigations after 
60, 80, 100 and 120 mm evaporation, respectively) on oil and 
protein changes of maize cultivars (SC704, NS640 and 
DC303: Late, mid and early maturing cultivars, respectively) 
at different seed positions on the ear (upper, middle and lower 
positions on the ear). Overall, the highest seed yield was 
obtained from SC704, followed by NS640 and DC303 
cultivars. Seed yield of all cultivars was higher at lower seed 
position on ear than at middle and upper parts of the ear under 
different irrigation treatments. The highest oil and protein 
yields were also recorded for seeds at lower position on the 
ear. Seed yield of all maize cultivars at various seed positions 
decreased with increasing irrigation intervals. Oil percentage 
decreased, but protein percentage increased with decreasing 
water availability. Water limitation decreased oil and protein 
yields of maize cultivars. Changes in protein and oil yields of 
maize cultivars at different seed positions and irrigation 
treatments were attributed to changes in seed yield.  
 
Key words: maize cultivars, oil, protein, seed position, seed 

yield, water deficit 
 
 

 
 
 
 
 

IZVLEČEK 
   
SPREMEMBE V VSEBNOSTI OLJ IN BELJAKOVIN V 
ZRNJU RAZLIČNIH SORT KORUZE V ODVISNOSTI 

OD NJIHOVEGA POLOŽAJA NA STORŽU KOT 
ODZIV NA POMANJKANJE VODE  

V letu 2014 je bil izveden poljski poskus z deljenkami za 
ovrednotenje učinkov namakanja (namakanje po 60, 80, 100 
in 120 mm evaporacije) na spremembe v vsebnosti olj in 
beljakovin v zrnju treh sort koruze (SC704, NS640 in DC303: 
pozno, srednje in zgodaj dozorevajoče sorte) v odvisnosti od 
položaja zrnja na storža v času namakanja. Celokupno je dala 
največji pridelek sorta SC704, ki sta ji sledili sorti NS640 in 
DC303. Pridelek zrnja vseh sort je bil večji pri nižjem kot pri 
srednjem ali višjem položaju zrnja na storžu pri vseh načinih 
namakanja. Tudi največje vsebnosti olja in beljakovin so bile 
ugotovljene v zrnju iz spodnjega dela storža. Pridelek zrnja se 
je pri vseh obravnavanih sortah koruze in položajih zrnja na 
storžih ob namakanju zmanjševal s povečanjem presledka med 
namakanji. Z zmanjševanjem razpoložljivosti vode se je 
odstotek olja zmanjševal, beljakovin pa povečeval. Omejitev 
oskrbe z vodo je pri vseh sortah zmajšala pridelek olja in 
beljakovin. Spremembe v pridelku olja in beljakovin 
obravnavanih sort koruze pri različnih položajih zrnja na 
storžu ob času obravnavanj pripisujemo spremembam v 
pridelku zrnja.  
 

Ključne besede: sorte koruze, olje, beljakovine, položaj zrnja 
na storžu, pridelek zrnja, sušni stres 

1 INTRODUCTION 
 
Maize (Zea mays L.) is one of the major cereals in 
the world with broad possibilities of use in fresh or 
processed form. However, the development of 
increasingly productive maize hybrid varieties 

resulted in a loss of nutritional value, especially 
with decreases in protein and oil, due to the 
negative correlation with yield (Uribelarrea et al. 
2004; Bueno et al. 2009). 
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Starch, protein and oil contents are the most 
important chemical storage components of maize. 
Maize seeds contain 70-75 % starch, 8-10 % 
protein and 4-5 % oil (Boyer and Hannah, 2001). 
The maize proteins can be divided into classes 
according to their solubility. In maize, the 
concentration of α-zein protein is the highest, 
representing 50-60 % of the total protein. Although 
the α-zein is poor in essential amino acids such as 
lysine and tryptophan, the protein fractions in 
seeds are not constant and can vary depending on 
genotype (Prasanna et al. 2001). 
 
Maize has its origin in a semi-arid area, but water 
deficit can limit the production of this crop (Ghas-
semi-Golezani et al., 1997). Drought stress inhibits 
the growth and development of all cultivars and 
hybrids of maize at different growth stages (Dai et 
al., 1990). Coincidence of drought stress with 
reproductive stages reduces duration of flowering 
and seed filling and consequently lowers the 
number of seeds per plant, mean seed mass and 
seed yield per unit area of common bean cultivars 
(Ghassemi-Golezani and Mardfar, 2008). 
 
The final composition of the seed is known to vary 
by genotype and in response to the environmental 
conditions during seed development (Brummer et 
al., 1997; Westgate et al., 1999; Vollmann et al., 

2000; Yaklich et al., 2002; Fehr et al., 2003; 
Wilson, 2004). As the increase in the seed oil 
content is usually accompanied by a decrease in 
seed mass, the reduction in seed yield is a limiting 
factor to a hybrid maize with high oil content 
(Mišević et al. 1989). Esmailian et al. (2012) 
reported that water deficit at seed filling stage of 
sunflower caused a decrease in oil content. 
Drought stress imposed during seed filling 
decreases oil and residual contents more than the 
protein content (Rotundo and Westgate, 2009). 
This generally resulted in an increase in final 
protein content (Rotundo and Westgate, 2009). It is 
well established that water deficit shortens the seed 
filling duration and apparently has little impact on 
rate of filling (Westgate et al., 1999; Egli and 
Bruening, 2004). 
 
Seed position on the ear and plant is one of the 
components of within-plant variation that may 
account for part of the variation in physical (such 
as mass, shape) or physiological (such as 
germination and vigor) seed attributes (Illipronti, 
2000). However, the effect of seed position on oil 
and protein contents of maize is not clear, so this 
research was carried out to investigate the impact 
of irrigation levels on seed yield and composition 
of maize cultivars at different positions of ear. 

 
 

2 MATERIALS AND METHODS 
 
A split-split plot experiment (using RCB design) 
with three replications was conducted in 2014 at 
the Research Farm of the Faculty of Agriculture, 
University of Tabriz, Iran (latitude 38.05°N, 
longitude 46.17 °E, altitude 1364 m sea level), in 
order to determine the influence of water deficit on 
oil and protein contents of maize seeds at different 
ear positions. The climate is characterized by mean 
annual precipitation of 245.75 mm per year, mean 
annual temperature of 10 °C. Irrigation treatments 
(I1, I2, I3 and I4: irrigation after 60, 80, 100 and 120 
mm evaporation from class A pan, respectively) 
were located in main plots, cultivars (‘S.C704, 
‘N.S640’ and ‘D.C303’: late, mid and early 
maturing, respectively) in sub plots and seed 
positions (P1, P2, P3: upper, middle and lower 
positions of ear, respectively) in sub-sub plots. 
 

Seeds of maize cultivars were treated with 2 g.kg-1 
Mancozeb and then were sown by hand on 3rd May 
2014 in 5 cm depth of a sandy loam soil. At the 
same time, plots were fertilized with 200 kg/ha 
urea (46 % N). Each plot consisted of nine rows of 
2.5 m length, spaced 50 cm apart. All plots were 
irrigated immediately after sowing. Irrigation 
treatments were applied after seedling 
establishment. Hand weeding of the experimental 
area was carried out as required. 
 
Ears of the maize plants from 1 m2 of the middle 
part of each plot were harvested when seed 
moisture content was 16-18 %. Seed moisture 
content was determined in accordance with ISTA 
rules (2010). Subsequently, seeds (fruitlets) were 
separately detached from the upper, middle and 
lower parts of the ears, one third each. Then, seed 
yield of each plot was recorded. Percentages of oil 
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and protein for each sample were estimated by a 
seed analyzer (model: Zeltex ZX-50) and 
thereafter, oil and protein yields per unit area were 
calculated. All the data were analyzed on the basis 

of the experimental design, using MSTATC 
software. The means of each trait were compared 
according to Duncan multiple range test at P≤0.05. 
Excel software was used to draw figures. 

 
 

3 RESULTS AND DISCUSSION 
 
3.1 Seed yield 

Seed yield per unit area was significantly 
influenced by irrigation, cultivar, position on the 
ear and interaction of these factors (p ≤ 0.01). 
Therefore, regression curves were fitted on mean 
interaction data. In general, the highest seed yield 
under different irrigation treatments was recorded 
for lower position of seeds on the ear and 
decreased at middle and upper parts of the ear. 
Seed yield of SC704 and NS640 cultivars at upper 
parts of ear was much lower than that of other 

positions. SC704 had the highest seed yield under 
all irrigation treatments, followed by NS640 and 
DC303 cultivars. Seed yield of all maize cultivars 
at different positions on the ear decreased with 
increasing water limitations. This reduction in seed 
yield was higher for late (SC704) and mid (NS640) 
maturing cultivars, compared with early maturing 
cultivar (DC303). These differences among 
cultivars were greater under well-watering and 
mild stress, but considerably decreased with 
further decrease in water availability (Fig. 1). 

 

 

 

Figure 1: Changes in seed yield of maize cultivars at different positions on the ear and irrigation treatments (Means 
± SE). 

C1, C2, C3: cultivars DC303, NS640 and SC704, respectively. 
P1, P2, P3: upper, middle and lower positions of seeds on the ear, respectively. 
I1, I2, I3, I4: irrigation after 60, 80, 100 and 120 mm evaporation, respectively 
 
3.2 Oil percentage and yield 

Seed oil percentage and yield were significantly 
affected by cultivar, seed position, irrigation × 
cultivar and seed position × cultivar (p ≤ 0.01). 
Seed oil yield also influenced by irrigation 
(p ≤ 0.01) and seed position × irrigation (p ≤ 0.05). 
Oil percentage of late (SC704) and mid (NS640) 
maturing cultivars decreased with decreasing water 
availability, while there was no tangible change in 
oil percentage of early maturing cultivar (DC303) 
under various irrigation treatments. Mid maturing 

cultivar (NS640) had the highest oil percentage 
under all irrigation treatments, but this superiority 
decreased with increasing water limitations (Fig. 
2a). 
 
Increasing water deficit resulted in reduction of oil 
yield per unit area of all maize cultivars, but this 
reduction was more pronounced for late and mid 
maturing cultivars. Nevertheless, SC704 had the 
highest oil yield under all irrigation treatments, 
followed by NS640 and DC303 (Fig. 2b). 
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Figure 2: Changes in oil percentage (a) and yield (b) of maize cultivars at different irrigation treatments (Means ± 

SE). 
C1, C2, C3: cultivars DC303, NS640 and SC704, respectively. 
I1, I2, I3, I4: irrigation after 60, 80, 100 and 120 mm evaporation, respectively 
 
The highest oil percentage for all cultivars was 
obtained in seeds from lower parts of maize ear. 
Oil percentage of NS640 at all seed positions on 
the ear was higher than that of other cultivars, but 
this advantage was more evident at lower position 
on the ear (P3). Differences in seed oil percentage 
of maize cultivars at middle and upper parts of the 
ear were minimized (Fig. 3a).  
 
The lowest oil yield per unit area for all cultivars 
was recorded at upper position of seeds on the ear, 
which largely increased at middle and particularly 
at lower positions of the ear. The greatest seed oil 
yield at all parts of the ear was produced by 

SC704, followed by mid and early maturing 
cultivars. These differences among maize cultivars 
were enhanced at lower position of seeds on the 
ear (Fig. 3b).  
 
Oil yield at all seed positions decreased as water 
deficit increased, but the reduction rate for seeds of 
upper position was less than those of other 
positions. The highest and the lowest oil yields 
under all irrigation treatments were recorded for 
seeds of lower and upper positions of the ear, 
respectively. This difference decreased with 
decreasing water supply (Fig. 4). 

 

  
Figure 3: Changes in oil percentage (a) and yield (b) of maize cultivars at different seed positions on the ear (Means 

± SE). 
C1, C2, C3: cultivars DC303, NS640 and SC704, respectively. 
P1, P2, P3: upper, middle and lower position of seeds on the ear, respectively. 
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Figure 4: Seed oil yield of maize at different positions on the ear and irrigation treatments (Means ± SE). 
P1, P2, P3: upper, middle and lower position of seeds on the ear, respectively. 
I1, I2, I3, I4: irrigation after 60, 80, 100 and 120 mm evaporation, respectively 
 
3.3 Protein percentage and yield 

Seed protein percentage was significantly 
influenced by the interactions of irrigation × 
cultivar (p ≤ 0.05), seed position × cultivar and 
seed position × irrigation × cultivar (p ≤ 0.01). In 
contrast, seed protein yield was only affected by 
irrigation, cultivar, seed position and irrigation × 
cultivar (p ≤ 0.01). 
 

Mean protein percentage of maize cultivars at all 
seed positions on the ear increased with increasing 
water stress. Protein percentage of mid maturing 
cultivar (NS640) at all seed positions was 
generally higher than that of other cultivars. 
However, there was little difference in protein 
percentage of maize cultivars under severe water 
deficit. Seeds of upper position of all cultivars 
showed comparatively more protein percentage 
under I1 and I2, but this difference decreased under 
I3 and I4 treatments (Fig. 5). 

 

 
 

 
 
Figure 5: Changes in protein percentage of maize cultivars at different seed positions on the ear and irrigation 

treatments (Means ± SE). 
C1, C2, C3: cultivars DC303, NS640 and SC704, respectively. 
P1, P2, P3: upper, middle and lower position of seeds on the ear, respectively. 
I1, I2, I3, I4: irrigation after 60, 80, 100 and 120 mm evaporation, respectively. 
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Protein yield of all maize cultivars decreased as a 
result of drought stress. This reduction in protein 
yield was higher for late maturing cultivar 
(SC704), compared with mid (NS640) and early 
(DC303) maturing cultivars. SC704 had the 
highest protein yield under all irrigation 
treatments. This advantage decreased with 
decreasing water supply (Fig. 6a). All maize 
cultivars produced considerably higher protein 

yield at lower position of seeds on the ear, 
followed by mid position seeds (Fig. 6b). 

 
 
 
      

 

 

 

 

 
 
 
 
Figure 6: Seed protein yield of maize cultivars at different irrigation treatments (a) and seed positions (b) (Means ± 

SE). 
C1, C2, C3: cultivars DC303, NS640 and SC704, respectively. 
I1, I2, I3, I4: irrigation after 60, 80, 100 and 120 mm evaporation, respectively 
P1, P2, P3: upper, middle and lower position of seeds on the ear, respectively. 
 
 

4 DISCUSSION 
 

Decreasing seed yield with increasing drought 
stress duration (Fig. 1) may be resulted from the 
short seed filling duration (Ghassemi-Golezani and 
Lotfi, 2013), as shown for chickpea (Davis et al., 
1999), lentil (Erskine, and Ashkar, 1993), wheat 
(Li et al., 2000), barley (Samarah, 2005), maize 
(Aparicio-Tejo and Boyer, 1983), soybean 
(Berevedan and Egli, 2003) and sunflower 
(Whitfield et al., 1989). Reduced grain filling 
occurs due to decreased assimilate segregation and 
activities of sucrose and starch biosynthesis 
enzymes (Srivastava and Suprasanna, 2015). 
Drought stress occurring during seed development 
curtails the seed sink potential by reducing the 
number of endosperm cells and amyloplasts 
formed (Saini and Westgate, 2000), thus reducing 
seed mass as a result of a reduction in the capacity 
of the endosperm to accumulate starch (Nicolas et 
al., 1985). Higher seed yield at lower position of 

seeds on the ear (Fig. 1) was related with early 
formation and longer filling period of these seeds. 
The greater seed yield in late maturing cultivar 
could be attributed to longer period of radiation use 
and energy store of this cultivar, compared with 
other cultivars (Sangoi, 2000). These differences 
may be also influenced by the number of seeds per 
plant (Dalil and Ghassemi-Golezani, 2012; 
Ghassemi-Golezani et al., 2015). 
 
Changes in oil and protein percentages of maize 
cultivars (Figs. 2a and 5) suggest that oil 
percentage decreases as protein percentage 
increases in response to water deficit. Similar 
results were reported for soybean under drought 
stress (Ghassemi-Golezani and Farshbaf-Jafari, 
2012; Ghassemi-Golezani and Lotfi, 2013) and salt 
stress (Ghassemi-Golezani and Taifeh-Noori, 
2011). It has been reported that the increase in 
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protein percentage is due to reduced carbohydrate 
accumulation under drought stress (Mahalakshmi 
et al., 2006). The inverse relationship between seed 
protein and oil contents makes it difficult to 
improve both traits simultaneously (Panthee et al., 
2006). 
 
Differences in oil and protein percentages among 
maize cultivars indicate that these parameters can 
be influenced by differences in genetic constitution 
(Ghassemi-Golezani and Lotfi, 2013). Reductions 
in oil (Figs. 2b and 4) and protein (Fig. 6a) yields 
due to water deficit were closely related with seed 
yield under different irrigation treatments (Fig. 1). 
Variations in oil and protein production of 
cultivars and seeds of different positions on the ear 
(Figs. 3b and 6) were also largely associated with 
seed yield per unit area. Therefore, differences in 
oil and protein yields among irrigations, cultivars 
and seed positions on the ear could be mainly 

attributed to the effects of these treatments on seed 
yield per unit area (Fig. 1). Similarly, Ghassemi-
Golezani and Farshbaf-Jafari, (2012) found a 
significant positive correlation of oil and protein 
yields with seed yield of soybean. 
 
Decreasing protein yield with increasing water 
deficit duration (Fig. 6a) could be attributed to 
inhibition of nitrate absorption (Ghassemi-
Golezani and Lotfi, 2013). It has been stated that 
the reduction in nitrogen uptake under drought 
stress conditions might be due to the reduction of 
absorbed water and a decrease in root permeability 
(Strogonov et al., 1970). However, the negative 
effect of water limitation on nitrogen accumulation 
into seeds was less than that on dry matter 
accumulation. Therefore, the protein percentage of 
seeds increased (Fig. 5), but protein yield 
decreased (Fig. 6a) as a result of decreasing water 
availability. 

 
 

5 CONCLUSION 
 

Late maturing maize cultivar produced the highest 
seed yield, followed by mid and early maturing 
cultivars. Seed yield of all cultivars was higher at 
lower position of seeds on the ear than at middle 
and upper parts of the ear. The highest oil and 
protein yields of seeds were also obtained from 
lower position of ears. Seed yield of all maize 

cultivars at various seed positions on the ear 
decreased with decreasing water supply. Oil 
percentage decreased, but protein percentage 
increased as water deficit severed. Drought stress 
decreased oil and protein yields of maize cultivars 
at different seed positions on the ear, mainly due to 
reduction in seed yield per unit area. 
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