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ABSTRACT 
 
 In organic farming, increased of germination and improvement seedling growth is important case for 
successful produce of forage crops. Seed priming has been successfully demonstrated to improve germination 
and emergence in seeds of many crops. However, In order to effect of concentration of Zinc Sulfate on 
germination indices and seedling growth tree lines of grain sorghum for improvement of seedling emergence in 
organic farming an experiment was conducted using of completely randomized design with three replication on 
three lines of grain sorghum (T17, T12 and T6) and sex level of Zinc Sulfate (control, 0.02, 0.05, 0.07 and 0.34. 
g/liter). Results showed that different lines and different effects of Zinc Sulfate. In line T12, germination rate 
with 7% and percentage of germination 5% higher compared the other line. However, concentration 0.05 and 
0.07 g/lit of Zinc Sulfate rate and percentage of germination significantly increased compared to control. But, 
treatment 0.017 and specially 0.34 g/lit Zinc Sulfate have inhibiter effect on germination of grain sorghum and 
between lines T12 and T17 in concentration 0.05 and 0.07 g/lit have higher rate germination and seedling vigor 
indices. This study revealed that seed priming techniques with Zinc Sulfate promoted seedling emergence 
sorghum in organic farming. 
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Introduction 
 
 Rapid and uniform emergence is utmost 
important, because it is the foundation on which 
stand establishment is based and potential yield is 
determined [10]. Seed germination in higher plants is 
a complex process that is influenced by a large 
number of environmental factors and genes. Seed 
priming, identified as an effective seed invigoration 
method has become a common seed treatment to 
increase the rate and uniformity of emergence and 
crop establishments. The improvement in 
germination and vigor of seed might be due to 
reserve mobilization of food material, activation and 
re-synthesis of some enzymes, DNA and RNA 
synthesis start during priming [2,3,15]. Rapid 
embryo growth resulted when the obstacle to 
germination was removed. 
 Sorghum is grown mainly for its grain for 
consumption and its stalks are utilized to meet fodder 
requirement of animals. Poor crop establishment is 
one of the major constraints reported by the farmers 
cultivating sorghum [19]. Poor stand establishment 
of rainfed crops is also one of the major abiotic 

constraints encountered by resource-poor farmers in 
semi-arid areas of the tropics. Harris [7] showed that 
conditions after sowing had a large influence on 
emergence and seedling vigor in sorghum. He 
proposed “on-farm seed priming” as a low cost, low 
risk intervention which can reduce the time from 
sowing to crop emergence and which in hot, drying 
soils typical of marginal rainfall areas can result in 
better stand establishment [20]. Primed seeds usually 
exhibit the increased germination rate, reduced mean 
germination time, greater germination uniformity and 
some time greater total germination percentage in 
many plant species. Priming of rice seed improved 
seedling establishment in flooded soil [5]. Kausar et 
al [10] reported that priming was effective in 
reducing the time for 50% germination and mean 
germination time and increase in germination 
percentage in low-vigor seeds of all hybrids, while 
energy of germination and final germination 
percentage in normal seeds displayed a minor 
increase. Priming of normal/low-vigor seeds 
improved the vigor of seedling in term of radicle 
length, plumule length and their root/shoot fresh 
weight. Ghana and Schillinger [9] observe that 
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Germination rate differed between cultivars well as 
by priming duration, priming media, and 
concentration of priming media.  
 Application of 25 kg zinc sulphate/ha alone had 
the same effect as 50 quintals poultry manure alone 
or 12.5 kg zinc sulphate applied with 50 quintals 
compost/ha with respect to crop yields. A significant 
positive correlation was, recorded in both the crops 
between Zn concentration in grain or straw and their 
respective yields [24]. Work in India demonstrated a 
significant maize grain yield increase following 
priming in two of the four cultivars tested. Some 
farmers also reported that crops developing from 
primed seed grew more vigorously following 
establishment and suppressed weeds. In 
Musikavanhu Communal Area of Zimbabwe for 
example, approximately 20% of 51 farmers who 
tested priming considered that priming improved 
maize competition with weeds and suggested that 
fewer weedings would be required [8]. The increased 
physiological performance was observed in terms of 
increased germination percentage, shoot length, root 
length, dry matter production and vigor index; 
accompanied with earlier germination in terms of 
days to 50% germination and days to maximum 
germination [21]. Seed priming technique with many 
organic and inorganic salts has been used for 
invigorating the performance of normal seed in 
different crops, but very little wok has been done to 
reduce the damage of aging and invigorate the 
performance of oil seeds especially sorghum 
(Sorghum bicolor L.). Therefore, aim of study is 
effect of concentration of Zinc Sulfate on 
germination indices and seedling growth tree lines of 
grain sorghum for improvement of seedling 
emergence in organic farming. 
 
Material and Methods 
 
 The experiment was conducted during 2010 at 
Islamic Azad University of Ghaemshahr (Latitude 
42.36N, longitude 13.53E and 16 m above mean sea 
level). An experiment was conducted using of 
completely randomized design with three replication 
on three lines of grain sorghum (T17, T12 and T6) 
and sex level of Zinc Sulfate (control, 0.02, 0.05, 
0.17 and 0.34. g/liter). Initially seeds were 
disinfected by Sodium hypochlorite (NaOCl) to 
disinfect the seeds. Seeds were in sodium 
hypochlorite (1.5 per) for one minute and then 
washed away with distilled water. After disinfecting 
seeds were put in disinfected Petri dish. Each Petri 
dish contained 25 seeds. After 24 hours of priming 
seeds were washed with distilled water and then 
dried and in kept laboratory room at temperature of 
25°C for two hours. After dried seeds located in Petri 
dishes and treated with distilled water at temperature 
of 25°C for seven days. The experimental design was 
randomized completely block design, with three 
replications. The germination test was conducted by 
the procedure outlined by ISTA (1999). Germination 

was considered when the radicles were 2 mm long. 
Percentage germination, rate germination, shoots 
length, total weight and seed vigor was recorded on 
the10 day after treatment.  Speed of germination was 
calculated based on the following formula of 
Maguire [11]. 
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germinated on first, second and n day, respectively 
and Y
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count, respectively. Vigor index 

for each treatment was determined using the 
following formula developed by Abdul-Baki and 
Anderson [1].  
 
Seedling Vigor = [root length + shoot length] × 
percentages of germination. 

 
 The seedlings were removed 10 day after 
treatment, and roots were washed using slow running 
water to remove other material. The dry mass of 
shoot and root samples, root length and shoot length 
was determined after drying in an oven at 60 °C with 
forced air. Data  were  subjected to  ANOVA  using  
the  SAS  statistical  software package using GLM 
(SAS Institute., 2000) and Duncan's multiple range  
test was performed to compare the treatment means. 
The level of statistical significant was accepted as 
P<0.05 (Steel and Tore 1960).  
 
Result and Discussion 
 
 The effect of concentration of Zinc Sulfate on 
germination indices and seedling growth tree lines of 
grain sorghum, the results are presented in table 1. 
Statistical analysis showed significant differences in 
treatments at P ≤ 0.05 levels. Results showed that 
different lines and different effects of Zinc Sulfate. In 
line T12, germination rate with 7% and percentage of 
germination 5% higher compared the other line (table 
1). However, concentration 0.05 and 0.07 g/lit of 
Zinc Sulfate rate and percentage of germination 
significantly increased compared to control (figure 
1). Movahedy et al [18] reported that foliar 
application of Zn and Mn increased concentration of 
these two elements in seed, germination rate, 
germination percentage, seedling dry weight and 
final seedling emergence, and water deficit stress had 
negative impacts on most these parameters. Foti et al 
[22] reported that, priming in copper sulphate and 
zinc sulphate significantly increased seed emergence 
by 43% and 29%, respectively, while priming in 
sodium sulphate did not significantly increase 
emergence. The study thus recommends copper 
sulphate as the most suitable seed priming osmotica. 
Furthermore, hydro priming resulted in increase of 
normal germination.  
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Table 1: Effect of concentration of Zinc Sulfate on germination indices tree lines of grain sorghum. 
Source of Variation Percentage 

germination 
Rate 
germination 

Root length Shoot 
length 

Root 
weight  

Shoot 
weight 

Seedling 
Vigor 

Lines (A) ** 
296/07 

** 
2325/61 

** 
11/38 

** 
2/55 

* 
0/0005 

** 
0/007 

ns 
0.025 

concentration Zinc 
Sulfate (B) 

** 
26/20 

** 
89/71 

** 
0/30 

ns 
0/03 

** 
0/002 

** 
0/001 

** 
0.14 

A * B ** 
40/07 

** 
65/43 

** 
0/30 

* 
0/17 

** 
0/01 

** 
0/002 

** 
0.11 

Error 2/84 17/73 0/08 0/072 0/00012 0/0002 0.14 
CV 1/83 7/56 10/72 9/71 20/56 26/34 13.25 

Levels of significant:* P< %5, ** P<%1, NS = not significant 

 
 In addition, Foti et al [22] fined that 
concentrations higher than 25 mg/l of Zinc Sulfate 
applied for 24 h were toxic for Nigella sativa and 
Triticum aestivum. The high concentrations of Zinc 
Sulfate showed an inhibitory effect on cell division 
in root tips of both plants and caused a decrease in 
their mitotic index values [23]. Almost all farmers 
thought that primed crops grew more vigorously, 
flowered and matured earlier and produced bigger 
cobs and higher yield. Independent measurements on 
a subset of 35 trials showed a mean increase in cob 
weight of 6 per cent [8]. Farmers in the project area 
of priming reported that primed crops grew more 
vigorously, tolerated dry spells better, flowered 
earlier (typically 7-10 days) and matured earlier (8-
10 days) [8]. Seed priming techniques have been 
found effective for better germination and seedling 
establishment in rice under controlled conditions 
[4,6]. 
 Priming the seed of sorghum had affected on 
root weight, shoot weight and total dry weight of 
seedling during the establishment (figure 2). Seeds 
primed in Zinc Sulfate of 0.5 and 0.7 accumulated 
significantly higher total dry weight (figure 2) as 
compared to control and other treatment. But, 
concentration 0.17 and 0.34 g/liter of Zinc Sulfate 
reduce percentage germination and dry weight of 
seedling. Farmers need a field full of plants to have 
any chance at all of getting a reasonable yield, yet 
good crop stands are often the exception rather than 

the rule for poor farmers. In marginal, rainfed areas, 
patchy plant stands often result from the failure of 
the crop to emerge quickly and uniformly. Yields of 
many crops are reduced because not enough seeds 
germinate and the plants that eventually emerge do 
so slowly and are susceptible to drought, pests and 
diseases. Seed priming has been a common seed 
treatment to reduce the time between seed sowing 
and seedling emergence and the synchronization of 
emergence. Priming of seed prior to sowing has a 
key role in improving the crop growth during 
seedling emergence and consequently affects the 
crop leaf area. 
 
Conclusion: 
 
 From the present study, it was clearly concluded 
that the priming of grain sorghum (Sorghum bicolor 
L.) lines seeds with Zinc Sulfate in 0.05 and 0.07 
g/liter was found to improve the physiological seed 
quality parameters significantly and also the seed 
priming effect was more seedling vigor indices. 
Hence, seed priming produced more vigorous, faster 
growing, and uniform seedlings. Greater the 
germination rate due to priming had developed 
greater dry weight into plant as a result of vigorous 
plant growth. More work is required to clarify the 
mechanisms by which priming affects development 
and growth.  

 
 

 
 
Fig. 1: Effect of concentration of Zinc Sulfate on percentage germination. 
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Fig. 2: Effect of concentration of Zinc Sulfate on dry weight of seedling. 
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