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Abstract

A sub-sample of maize (cv. ‘KSC301’) seeds was kept as control or vigorous seed lot and two other sub-samples with about 16% 
moisture content were artificially deteriorated at 40°C for 16 and 18 days. The three seed lots had seed viabilities of 99% (V1), 91% (V2) and 
79% (V3). Laboratory tests were carried out as CR design with four replicates. However, the field experiment was conducted as factorial 
based on RCB design with three replicates to investigate the performance of differentially deteriorated seed lots under four irrigation 
treatments (irrigation after 70, 90, 110 and 130 mm evaporation from class A pan). Germination and emergence times significantly 
increased with increasing seed deterioration, but mean viability percentage, seedling dry weight, seedling emergence and protein and 
grain yields decreased as seed deterioration increased. Even plants from less deteriorated seed lot (V2) with acceptable germination (91%) 
showed 25.1% reduction in grain yield per unit area. The superiority of V1 to V2 seeds of maize increased as water limitation increased. 
Protein yield was also decreased as a result of seed deterioration. Seedling dry weight highly correlated with the field emergence and 
grain and protein yields. Thus, it is necessary to produce and cultivate high vigor seeds of maize, in order to ensure satisfactory yield 
achievement, particularly under adverse environmental conditions.
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Introduction

Maize with a remarkable productive potential among 
the cereals, is the third important grain crop after wheat 
and rice and accounts for 4.8% of the total cropped area 
and 3.5% of the value of the agricultural output (Anony-
mous, 2004). Maize had its origin in a semi-arid area but 
water deficit can limit the production of this crop (Ghas-
semi-Golezani et al., 1997).  

Water stress is a major abiotic stress that severely affects 
food production worldwide. When the full crop require-
ments are not met, water deficit in the plant can develop to 
a point where crop growth and yield are affected (Baigorri 
et al., 1999; Costa-Franca et al., 2000). Different strate-
gies can be adopted to improve crop performance under 
drought stress, one of which may be the cultivation of high 
vigor seeds. Seed quality reflects potential seed germina-
tion, field emergence and seedling establishment under 
different environmental conditions (Sun et al., 2007). 

Many reports (Demir and Ellis, 1992; Ghassemi-Gole-
zani and Mazloomi-Oskooyi, 2008; Ghassemi-Golezani 
and Hossinzadeh-Mahootchy, 2009) suggest that the 
maximum seed quality is achieved at or slightly after mass 
maturity (end of seed filling period). Then, seeds begin to 
deteriorate on the mother plant (Ghassemi-Golezani and 
Mazloomi-Oskooyi, 2008; Ghassemi-Golezani and Hoss-

inzadeh-Mahootchy, 2009). Seed deterioration continues 
during storage, losing viability and vigor (Ellis and Roberts, 
1981). Seed deterioration is not possible to stop totally 
but it can be minimize the rate of deterioration. When de-
terioration is advanced, germination rate and uniformity 
and tolerance to environmental stresses and consequently 
seedling emergence decreased (Khan et al., 2003). High 
and rapid germination, ensure good stand establishment 
which may result in higher yields (Ghassemi-Golezani et 
al., 2010). So fast and uniform germination are as impor-
tant for superior crop production as is total germination, 
while slow, non-uniform and unreliable germination and 
emergence due to low quality seeds (Matthews, 1980) 
leads to problems for successful crop production. 

Seed quality may influence crop yield through both in-
direct and direct effects. The indirect effects include those 
on percentage emergence which influence yield by altering 
plant population density and spatial arrangement. Direct 
effects are those on emergence rate which influence seed-
ling vigor and uniformity (Ghassemi-Golezani, 1992). 
Some reports have shown that low seed quality due to 
deterioration causes poor stand establishment in the field 
and consequently yield loss of wheat (Ganguli and Sen-
Mandi, 1990), barley (Abdalla and Roberts, 1969) and 
oilseed rape (Ghassemi-Golezani et al., 2010). However, 
the effects of seed deterioration on field performance of 
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Field experiment was conducted in 2009 at the Re-
search Farm of the Faculty of Agriculture, University of 
Tabriz (latitude 38.05° N, longitude 46.17° E, altitude 
1360 m above sea level). The experimental design for 
the field experiment was factorial, based on randomized 
complete block design with three replicates. Factors were 
three seed lots (V1, V2 and V3) and four irrigation regimes 
(I1, I2, I3, I4  for irrigation after 70, 90, 110 and 130 mm 
evaporation from class A pan, respectively). Seeds were 
treated with Benomyl (fungicide) at a rate of 2 g kg-1 be-
fore sowing. The seeds were then sown on 16 May 2009 in 
a sandy-loam soil (PH=8.1) at a depth of about 4 cm with 
a density of 10 seeds m-2. Seedling emergence in each plot 
was counted in daily intervals until no more emergences 
were observed. Subsequently, mean emergence time and 
percentage of seedling emergence were calculated. At 
maturity, plants in 1 m2 of each plot were harvested and 
grain yield per unit area was determined. Percentages of 
protein for each sample were measured, using a seed ana-
lyzer (model: Zeltex ZX-50) and then Protein yield per 
unit area was calculated as:

Protein yield per unit area = grain yield per unit area × 
protein percentage

Analysis of variance of the data appropriate to the ex-
perimental design was carried out, using MSTATC soft-
ware. Means of the traits were compared by Duncan mul-
tiple range test at p≤0.05.

Results

Seed deterioration had significant effects on viability 
percentage, mean germination time, seedling dry weight, 
percentage of seedling emergence, emergence time 
(p≤0.01) and protein and grain yields (p≤0.05). In con-

maize are not well documented. Thus, this research was 
carried out to evaluate the effects of seed deterioration on 
field establishment and grain and protein yields of maize 
under full and limited irrigation conditions. 

Materials and methods 

Seeds of maize (cv. ‘KSC301’) were obtained from Ag-
ricultural Research Center of Karaj, Iran. These seeds were 
divided into three sub-samples. A sub-sample was kept as 
control or high vigor seed lot (V1). The two other sub-
samples with about 16% moisture content were artificially 
deteriorated at 40°C for 16 and 18 days (V2 and V3, respec-
tively). As a result, the three seed lots had seed viabilities of 
99% (V1), 91% (V2) and 79% (V3). 

Laboratory tests were carried out at the Seed Tech-
nology Laboratory of University of Tabriz, Iran, using 
randomized complete design (CRD). Four replicates of 
25 seeds were germinated between double layered rolled 
germination papers. The rolled papers with seeds were put 
into plastic bags to avoid moisture loss. Seeds were allowed 
to germinate at 15±1°C. Germination was considered to 
have occurred when the radicles were 2 mm long. Ger-
minated seeds were recorded every 24 hours for 10 days. 
Mean germination time (MGT) was calculated according 
to Ellis and Roberts (1980):

MGT= ∑(D × n) / ∑n
where n is the number of seeds germinated on day D 

and D is the number of days counted from the beginning 
of the test. At the end of germination test, radicles and 
shoots of normal seedlings were cut from the cotyledons 
and then dried in an oven at 75±2°C for 24 hours. The 
dried radicles and shoots were weighed to the nearest mil-
ligram and the mean seedling dry weight was determined. 

Tab. 1. Comparison of means for different traits affected by seed deterioration

Seeds 
lot

Viability
 (%)

Germination 
time (day)

Seedling dry 
weight (g)

Seedling 
emergence (%)

Emergence
time (day)

Grain yield 
per plant (g)

Protein 
yield (g m-2)

Grain yield 
(g m-2)

V1 99.00 a 3.30 c 1.01 a 83.05 a 9.18 c 39.03 a 37.07 a 312.0 a
V2 91.00 b 5.51 b 0.29 b 44.87 b 14.02 b 57.08 a 26.82 ab 233.7 ab
V3 79.00 c 6.26 a 0.14 c 35.55 c 15.72 a 56.76 a 20.68 b 184.9 b

Different letters at each column for each treatment indicate significant difference at p≤0.05

Tab. 2. Correlation coefficients of various laboratory and field traits of maize

Traits 1 2 3 4 5 6 7 8
1-Viability (%) 1

2-Germination time -0.786** 1
3-Seedling dry weight 0.758* -0.986** 1

4-Seedling emergence (%) 0.786** -0.982** 0.997** 1
5-Emergence time -0.839** 0.975** -0.987** -0.990** 1

6-Grain yield per plant (g) -0.221 0.112 -0.078 -0.102 0.071 1
7-Protein yield (g/m2) 0.667* -0.812** 0.841** 0.842** -0.861** -0.264 1
8-Grain yield (g/m2) 0.711* -0.806** 0.839** 0.848** -0.873** -0.217 0.989** 1

*, **: Statistically significant at p≤0.05 and p≤0.01, respectively



Ghassemi-Golezani K. et al. / Not Bot Horti Agrobo, 2011, 39(2):160-163

162

trast, grain yield per plant (g) and protein percentage were 
not significantly affected by seed deterioration (p≤0.05). 

Viability percentage, seedling dry weight, seedling 
emergence, protein yield and grain yield decreased with 
increasing seed deterioration and decreasing seed vigor, 
but mean germination and emergence times increased as 
seed vigor decreased. Grain yield per plant from high vigor 
seed lot was slightly, but not significantly (P≤0.05), lower 
than that of low vigor seed lots (Tab. 1).

Grain and protein yields of plants from all seed lots de-
creased with increasing irrigation intervals, but this reduc-
tion for plants from V2 seeds was more than that for plants 
from the other seed lots. Plants from high vigor seed lot 
(V1) had the highest grain and protein yields per unit area 
under all irrigation treatments, followed by the plants from 
V2 and V3 seed lots, respectively (Fig. 1). 

Viability percentage, seedling dry weight, emergence 
percentage, protein yield and grain yield had positive and 
significant correlations with each other. However, these 
traits negatively correlated with germination and emer-
gence times. Among laboratory traits, seedling dry weight 
had the highest correlation with protein and grain yields 
per unit area. The relationship between grain yield per 
plant and any of the laboratory and field traits was not sig-
nificant (Tab. 2).

Discussion

Delaying germination and seedling emergence (Tab. 
1) due to seed deterioration are the result of disruption in 
RNA transcription and protein synthesis (Thornton et al., 
1993), membrane damage (Bewley, 1986) and solute leak-
age (Bewley and Black, 1994). As deterioration proceeds, 
seeds lose their viability and vigor leading to reductions in 
percentage of seedling emergence and stand establishment 

(Tab. 1). Since there is a strong relationship between plant 
density and yield (Raey and Ghassemi-Golezani, 2009), 
low plant populations resulting from low vigor seeds can 
potentially decrease crop yield per unit area (Tekrony and 
Egli, 1991). 

When low populations of plants from aged seeds were 
compared with similar populations obtained from low 
sowing rates of high vigor seeds, the plants from the former 
seeds yielded less than those from the latter (Perry, 1980). 
In the present research, poor stand establishment of plants 
from artificially deteriorated seed lots resulted in com-
paratively higher grain yield per plant (Tab. 1), suggesting 
that early emergence of seedlings from high vigour seeds 
was overcome by efficient use of environmental resources 
by individual plants from low vigour seeds. Nevertheless, 
the superiority in grain yield per plant was not sufficient to 
compensate for low and scattered plant establishment due 
to seed deterioration, as indicated by large reduction (up 
to 40.74%) in grain yield per unit area. Similar results were 
reported for winter oilseed rape (Ghassemi-Golezani et 
al., 2010). Even plants from less deteriorated seed lot (V2) 
with acceptable germination (91%) showed 25.1% reduc-
tion in grain yield per unit area, compared with those from 
high vigor seed lot (V1) (Tab. 1). This difference between 
plants from V1 and V2 seed lots increased with increasing 
irrigation intervals. In other words, the advantage of sow-
ing high vigor seeds for improving field performance of 
maize increased as water supply decreased (Fig. 1). Low 
population of barley brought about by the interaction of 
low vigor seed lot and an adverse environment was also as-
sociated with a lower yield and the surviving plants were 
not able to compensate completely for the missing plants 
(Perry, 1980). 

Since protein percentage was not significantly affected 
by seed vigor (p≤0.05), decreasing protein yield per unit 

Fig. 1. Changes in grain and protein yields per unit area for plants from different seed lots of maize (cv. ‘KSC301’) under various 
irrigation intervals. V1, V2 and V3: Control and deteriorated seed lots with 99%, 91% and 79% viability, respectively
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area for plants from differentially deteriorated seed lots 
can be attributed to considerable reduction in grain yield 
per unit area (Tab. 1). Similarly, total protein per unit area 
in pearl millet reduced primarily due to lower grain yield 
under the limited water availability (Mahalakshmi et al., 
2006). Changes in protein yield of plants from various 
seed lots of maize under different irrigation treatments 
were also similar to those of grain yield per unit area (Fig. 
1). 

Significant correlations of seed viability, mean germi-
nation time and seedling dry weight with each other and 
with field traits such as seedling emergence and grain and 
protein yields per unit area (Tab. 2) indicated that each of 
the seed quality parameters enable to estimate the poten-
tial field performance of different maize seed lots. Howev-
er, the highest correlation of seedling dry weight with the 
same field traits (Tab. 2) clearly suggests that the seedling 
growth test is the best quality test for maize seed lots. 

It can be concluded that sowing high vigor seeds en-
hances crop yield through improving seedling establish-
ment, particularly under adverse environmental condi-
tions. Therefore, It is well justified to produce high vigor 
seeds of maize and to provide proper storage conditions in 
order to ensure optimum stand establishment and satisfac-
tory yield under a wide range of field conditions. Seedling 
growth test is the best test for evaluating seed and seedling 
vigor of maize seed lots.
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