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ABSTRACT 

Rice (Oryza sativa L.) is mainly cultivated in Thrace,  Black sea region and many land locked  small pockets throughout 
Turkey. Cultivar Hamzadere and Osmancık 97 are important rice cultivars that are resistant against lodging and are 
moderately tolerant to blight and  root rot along with high yield potential. To synchronise uniform stand, planting of rice 
seedlings are preferred over direct seeding. Rice is very sensitive to water shortage. Good stand results in good crop. The 
study aimed to identify a system that could induce high tillering and acclerated growth of plants during early stages of 
growth at seedling stage. The seeds of two cultivars were primed on semi solid agar gelled MS medium or MS medium 
having dissimilar doses of N6-Benzyladenine (BA) and Naphthaleneacetic acid (NAA) used singly or in combination to 
improve earlier seedling growth and tillering. The results of the study showed variable effects of priming on growth 
components and parameters depending on concentration of plant growth regulators used. BA+NAA priming was 
inhibitory to the growth and development of seedlings’ shoots and roots of both cultivars. BA treatments used singly 
were comparatively better;  however, the treatments that contained NAA used singly in any concentration or MS medium 
used singly had significant edge over rest of the treatments. A significant and distinct improvement was observed in 
terms of all growth parmeters including number of tillers per seedling. It is concluded that priming on nutrient rich MS 
medium  could help in uniformity of growth and seedling development without any bottleneck  and improved yield. 

Key words agar gelled priming, auxins, cytokinins, multiplication, stress, tillers, fresh weight, dry weight  

Abbreviations BA: 6 benzyladenine, NAA: 1 Naphthaleneacetic acid. 
 

INTRODUCTİON 

 There are 20 species in genus Oryza with a basic 
chromosome number of 12 (Watanabe et al., 1994; 
1997). They grow in areas with evenly distributed 
rainfall. Rice is one of the world’s most important food 
grain cereal that is consumed by more than a third 
population. Most (90%) of rice is produced and 
consumed in Asian countries. Only a very small amount 
(about 5%) of rice is internationally exported but its 
production and prices remain unstable (FAO, 2016 ). All 
rice cultivars grown in Turkey are of Japonica/Sinica 
origin, with moderate tillering. They grow well in low 
temperatures regions and have short round grains with 
low amylose content (Small, 2009 ). 
 There is need to develop cost effective, long run 
integrated biotechnological and traditional breeding 
technologies that could help in improved, rapid and 
uniform growth of rice with  maximum water use 
efficiency, minimum weeds and increased productivity 
with little investment. Fast climatic variations due to 
greenhouse effect and scaricity of water with global food 
security are major concerns for rice growers  worldover.  
 Rice plant growth needs care at each stage of 
growth, that should be manged appropriately as rice is 

severely sensitive to water shortage. Thus water 
management is a critical aspect of rice farming as rice 
plants are  also able to fix free nitrogen from non biologic 
and  biologic sources  (Ladha and Reddy 2003). 
 Direct seedling growth is affected by erratic 
plant growth and poor seed germination along with use of 
high seed rate. As such direct seeded crops are not an 
attractive approach and the sown rice crop shows 
undesirable performance  in fields (Farooq et al., 2011). 
Moreover, seed priming  increases  seed vigor, allows 
selection of uniformly germinated seeds along with 
uniform planting and growth in the fields (Harris et al., 
2000; Harris et al., 2001a; Harris et al., 2001b). Harris 
and Mottram (2005) tested the germination response of 
water soaked rice seeds  in an incubator at 30ºC under in 
vitro conditions. They found that 8 hours priming was the 
most appropriate and 8-12 hours priming had 
significantly positive effects on seed germination. They 
also found that rice can be primed for upto 18 hours 
without significant deleterious effects on germination. 
 It is very difficult to perform field experiments 
and reach to a conclusive result due to variablity in 
physical and chemical conditions of field soils, the 
physical and chemical properties that change variably at 
different temperatures. Therefore, there is every 
possibility of reaching a biased result in the field based 
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experiments (Rengasamy 2002; Benderradji et al. 2012). 
It is desirable and easy to check the effects of culture 
conditions, nutrient and stress levels by carrying out 
experiments under in vitro conditions to  forestall these 
unaccounted biochemical and physiological responses in 
plants (Ahmad et al. 2007, Pe´rez-clemente and Go´mez-
cadenas 2012). In line with these findings the study 
aimed to improve tillering and accelarated growth of cv. 
Hamzadere and Osmancik 97 by modified priming 
method using agar gelled MS medium, or MS medium 
having different concentrations of BA and NAA used 
singly or in combination. 

MATERİALS AND METHODS 

Plant Materials: The rice cultivars Hamzadere and 
Osmancık 97 used in the study were obtained from the 
Thrace Agricultural Research Institute (Trakya Tarımsal 
Araştırma Enstitüsü) Edirne, Turkey. 
 Cultivar Hamzadere was developed from a cross 
of line  Demir × 83013-TR631-4-1-2 and registered  by 
the Thrace Agricultural Research Institute during 2011. 
The plants of this cultivar are 95 cm tall, semi vertical 
and green with sturdy shoots. They have  resistance 
against lodging. Rice grains are light yellow and long. 
Cultivar has 1000 grain weight of 37-38 gram and 
matures in 130 days with high yield potential. Cv. 
Hamzadere is tolerant to moderate blight and is resistant 
to root rot diseases. The rice grains are 6.6 mm in length 
with  2.9 mm  stem width. Grain appearance is glossy and 
dull. (Anonymous, 2016a). 
 Cv. Osmancik 97 was developed by cross 
between cv. Rocca × Europa at the Agricultural Research 
Institute Thrace during 1997. It is 95-100 cm tall, and  
resistant to lodging  with thousand grain weight of 33-34 
g. It is medium early with ripening period of 130 -135 
days. Rice grain is glossy in appearance. It yields 800-
1000 kg per hectare or over, is moderately tolerant to 
stem rot and resistant to bunch blight. It is not affected by 
cold weather or cold watering conditions and contributes 
to over 75% rice production in Turkey. It is 
recommended for cultivation in almost all areas of 
Turkey, where rice farming is practised (Anonymous 
2016b) 

Priming of rice seeds Culture medium and culture 
conditions: The seeds of cv. Hamzadere were hulled 
before sterilization to avoid contamination with 
microorganisms like bacteria, fungus etc. followed by 
dipping them in 95% ethanol for 2 min and sterilized in 
50% commercial bleach (5% NaOCl) for 15 min. 
Thereafter, the seeds were rinsed 3 ×3 min in bidistilled 
water. The seeds were cultured on MS medium 
(Murashige and Skoog 1962) in horizontal adaxial 
pozition having 1 mg/L BA (Control 1) or 1 mg/L BA + 
0.01, 0.10, 0.15 mg/L NAA, 2 mg/L BA (Control 2) or 2 

mg/L BA + 0.01, 0.10, 0.15 mg/L NAA,  3 mg/L BA 
(Control 3) or 3 mg/L BA + 0.01, 0.10, 0.15 mg/L NAA,  
4 mg/L BA (Control 4) or 4 mg/L BA + 0.01, 0.10, 0.15 
mg/L NAA, and MS medium (control 5), 0.01 mg/L 
NAA (Control 6), 0.10 mg/L NAA (Control 7) and  0.15 
mg/L NAA (Control 8) and cultured under white 
fluorescent light giving 16 hours light photoperiod  for 14 
days. Besides determining effects of various growth 
parameters, fresh and dry weight of germinated seedlings 
was also evaluated.   
 The percentage of seed germination is an 
indicator of seed vigor; which was computed after five 
days (Anonymous, 2016c after modifications). Rest of 
the parameters described below were computed after 14 
days of culture. 
1. Germination percentage  (computed after 5 days 
of culture) 
2. Number of tillers  per seed 
3. Number of leaves per plant  
4. Leaf length (cm) 
5. Rooting percentage 
6. Number of roots per plant 
7. Root length (cm) 
8. Fresh and dry weight of roots (gm) 
 All concentrations of BA, NAA were prepared 
from a 1 mg/ml stock solution prepared as per 
instructions of the manufacturers. All plant growth 
regulators were added before autoclaving.  pH of the 
medium was adjusted to 5.7 ±0.1 using 1N NaOH or 1N 
HCl. All cultures were autoclaved at 104 kPa, 120ºC for 
20 min to sterilize them. Thereafter, they were poured in 
10 × 100 mm glass Petri dishes in laminar flow cabins. 
The seeds were primed in horizontal adaxial orientation 
on culture plates. They were incubated under white 
fluorescent light using 16 h light photoperiod at 24±1°C. 

Statistical analysis: Each treatment contained 100 seeds 
divided into 10 replicates (10 replications × 10 seeds 
=100 seeds) and were repeated 4 times. The experimental 
data were obtained after 14 days of culture.  Statistical 
analysis was performed by taking means using One way 
Analysis of variance. The means were compared using 
Tukeys’b Test. All experimental values taken in 
percentage were subjected to arc sin square root 
transformation before subjecting them to statistical 
analysis following Snedecor and Cochran (1989). 

RESULTS 

Effects of different priming doses of BA, BA+NAA 
and NAA on Seeds of rice cv. Hamzadere: Although 
overall  germination percentage of seeds varied 
between%33.26 - 93.33 (Table 1); yet the seeds 
germinated after priming with any dose of BA used 
singly (Control 1, 2, 3, 4) remained higher compared to 
seed germination realized on any cocentration of BA + 
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NAA. All (100%) seeds germinated on MS medium 
(Control 5), MS medium having 0.01 mg/L NAA 
(Control 6), MS medium having 0.10 mg/L NAA (control 
7), and MS medium having 0.15 mg/L NAA (control 8).  
 Number of tillers per explant varied between 
1.80 to 3.00 per seed germinated seedlings. No statistical 
difference was observed on shoots obtained on MS 
medium having 1 and 2 mg/L BA + varying 
concentrations of NAA. Again maximum number of 
tillers were realized on BA used singly (Control 1, 2, 3,4) 
in respective groups,  compared to when the BA was used 
with any concentration of NAA. It was observed that 
each rising concentration of NAA with any concentration 
of BA resulted in variable inhibition of germination 
percentage. Maximum number of tillers  were sighted on 
MS medium having 3 mg/L BA and the minimum 
number of shoots were realized on MS medium having 4 
mg/L BA+0.10 mg/L NAA. Whereas, 2.40, 2.80, 3.00 
and 3.00 tiller shoots were observed on Control 1 or MS 
medium, Control 2, Control 3 and Control 4 respectively. 
 Shoot length extended between 2.73 - 7.23 cm. 
Again maximum shoot length in respective groups was 
realized on  control 1, 2 and 3 treatments having BA used 
singly. Similarly, Maximum shoot length of 7.23, 7.14, 
6.60 and 6.19 cm in all groups was sighted on Control 5 
(MS medium), 6, 7 and 8 respectively that contained 
variable concentrations of NAA used singly. 
 Excluding non root inducing plants rooting 
percentage extended between 20 -100%. No rooting was 
realized on  1 and 2 mg/L BA + 0.10 ve 0.15 mg/L NAA, 
3mg/L BA+0.15 mg/L NAA, and 4 mg/L BA + 0.10 or 
0.15 mg/L NAA. 100% rooting was observed on 9 
germination treatments. Rooting on BA used singly 
(Control 1, 2, 3, 4 treatments) and NAA used singly 
(Control 6, 7,and 8 treatments) showed 100% rooting. 
Rooting on Control 5 (MS medium) remained 80%. 
Priming with all concentrations of BA+NAA were either 
inhibitory or ended up with no roots. 
 Excluding non rooting plants, number of roots 
per explant extended between 0.200 - 12.40. Although 
low number of roots were seen on any culture that 
contained BA with any concentration of BA+NAA, yet 
the number of roots per explant were greater when BA 
was used singly in any concentration. Number of roots on 
Control 1 (MS medium), 2 (MS medium having 0.01 
mg/L NAA), 3 (MS medium having 0.10 mg/L NAA) 
and 4 (MS medium having 0.15 mg/L NAA) remained 
9.80, 11.20, 12.00 and 12.40 respectively. All of the roots 
were significantly longer compared to the seedlings 
developed on other treatments. These had pointed ends 
and were  straight, strong and thick. 
 Root length extended between 0.06 - 11. 20 cm. 
Again longer roots of variable length were noticed when 
the BA was used singly (Control 1, 2, 3, and 4). 
Maximum root length was realized on Control 5, 

followed closely by contol 6. Root length on cotrol 7 and 
8  showed sharp inhibition. 
 Fresh weight of seedlings remained 0.23 –0.98 
g. Maximum fresh weight was observed on Control 5 
(MS medium) followed closely by the fresh weight seen 
on control 6, 7 and 8 treatments. Although fresh weight 
sighted on BA used singly was sharply reduced but it 
remained higher to the fresh weight obtained on any 
concentration of BA+NAA. 
 Dry weight remained 0.08 - 0.16 g. Maximum 
dry weight was realized on 3 mg/L BA in MS medium 
and Control 5, 6 & 7. Although, sharp reduction in 
weight was observed on any concentration of BA or 
BA+NAA, again dry weight of seedlings obtained on 
control 1 (1 mg/L BA) and control 3 (3 mg/L BA) was 
higher in their respective groups. 

Effects of different priming doses of BA, BA+NAA 
and NAA on Seeds of rice cv. Osmancik 97: The results 
showed germination percentage in range of 40.00 -
93.33%. Maximum germination was realized on MS 
medium having 2 mg/L BA + 0.15 mg/L NAA and 3 
mg/L BA. 
 Number of tillers  per seed  varied between 2.20 
to 3.20. Shoot length extended between 3.06 – 4.15 cm 
on MS medium having BA used singly or in combination 
with any concentration of NAA. In contrast, the seeds 
primed with MS medium (control 1) had shoot length of 
9.26 cm, the seeds primed with MS medium having 0.01 
mg/L NAA (control 2) had shoot length of 9.42 cm; the 
seeds primed with MS medium having 0.10 mg/L NAA 
(control 3) had shoot length of  5.91 cm and, the seeds 
primed with MS medium having 0.15 mg/L NAA 
(control 4) had shoot length of  6.13 cm. 
 Hundred (100%) rooting was noticed on plants 
induced after six treatments that included 4 control 
treatments 1, 2, 3 and 4 and MS medium having 1 and 4 
mg/L BA used singly. No rooting was realized on 1 mg/L 
BA + 0.15 mg/L NAA, 4 mg/L BA + 0.15  mg/L NAA. 
Rooting percentage on plants induced on any 
concentration of BA or BA+NAA excluding control 
treatments 1, 2, 3 and 4 remained 20 to 100% 
 Excluding non-rooted plants and controls 1, 2,3 
and 4, the number of roots varied between 0.40 to 1.80 
per seed induced plant. MS medium (control 1) treated 
seeds induced 5.80 roots per plant. Total number of roots 
on control 2, 3, and 4 were 10.00, 10.20 and 5.80 
respectively. 
 Root length extended between 0.11 – 4.07 cm. 
The longest roots were observed on MS medium (control 
1). Root length on control 2, 3 and 4 treatments remained 
1.90, 0.68 and 0.93 cm respectively.  
 Fresh root weights varied between 0.22 to 0.39 
g. Fresh weight on control 1, 2, 3 and 4 treatments was 
0.53, 0.64, 0.60 and 0.53 g respectively. 
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Dry weight had range of 0.09 - 0.14 g. The maximum dry 
weight  was realized on MS medium having  1  mg/L BA 

+  0.10  mg/L NAA. 

Table 1. Effects of hormonal priming of seeds on semi solid agar solidified MS medium on cv. Hamzadere 
cultured in horizontal adaxial position. 

 
BA 
(mg/L) 

NAA 
(mg/L) 

Seed 
germination 
percentage 

(%)* 

Number 
of tillers 

per 
explant* 

Shoot 
length 
(cm)** 

rooting 
percentage  

(%)** 

Number 
of roots 

per 
plant** 

Root 
length 
(cm)** 

Fresh 
weight  

(g)** 

Dry 
weight 

(g)** 

1.00 (Control 1) 86.52ab 2.60ab 4.51cdef 100.00a 2.60c 2.60bc 0.38d 0.13bc 
1.00 0.01 73.39cd 2.40ab 2.91f 100.00a 1.60c 0.97bcde 0.27j 0.11de 
1.00 0.10 66.50de 2.40ab 3.21f 0.00b 0.00c 0.00e 0.27j 0.11de 
1.00 0.15 47.52g 2.40ab 3.09f 0.00b 0.00c 0.06e 0.29ij 0.11de 
2.00 (Control 2) 86.66ab 2.80ab 4.69bcdef 100.00a 1.60c 2.99b 0.37de 0.10ef 
2.00 0.01 75.53bcd 2.40ab 2.73f 100.00a 1.40c 2.44bcd 0.32gh 0.10ef 
2.00 0.10 66.51de 2.20ab 4.45cdef 0.00b 0.00c 0.00e 0.35ef 0.11cd 
2.00 0.15 33.26h 2.20ab 3.43ef 0.00b 0.00c 0.00e 0.31hi 0.14b 
3.00 (Control 3) 93.33a 3.00a 5.85abcd 100.00a 1.60c 2.55bc 0.39d 0.16a 
3.00 0.01 82.00bc 2.00ab 5.50abcde 80.00a 1.20c 0.78bcde 0.34fg 0.09fg 
3.00 0.10 80.00bc 2.00ab 3.51ef 80.00a 1.80c 0.20de 0.26j 0.08g 
3.00 0.15 52.93g 2.60ab 4.85bcdef 0.00b 0.00c 0.000e 0.32gh 0.11de 
4.00 (Control 4) 93.39a 2.40ab 3.69ef 100.00a 1.00c 1.00bcde 0.32gh 0.11de 
4.00 0.01 53.33fg 2.00ab 3.68ef 20.00b 0.20c 0.26de 0.23k 0.10ef 
4.00 0.10 61.20ef 1.80b 4.07def 0.00b 0.00c 0.00e 0.27j 0.11de 
4.00 0.15 53.26fg 2.00ab 4.80bcdef 0.00b 0.00c 0.00e 0.31hi 0.12cd 
Control 5-MS 
medium 

100.00a 2.40ab 7.23a 80.00a 9.80b 9.80a 0.98a 0.16a 

Control 6   0.01 100.00a 2.80ab 7.14a 100.00a 11.20ba 11.20a 0.80b 0.16a 
Control 7   0.10 100.00a 3.00a 6.60ab 100.00a 12.00ba 0.72bcde 0.90b 0.16a 
Control 8   0.15  100.00a 3.00 a 6.19abc 100.00a 12.40a 0.58cde 0.81c 0.12cd 
**Values showed in same column by different letters are statisitically different using Tukeys’b Test at 0.01 level of significance 
*Values showed in same column by different letters are statisitically different using Tukeys’b  Test at 0.05 level of significance. 
All values are means of 100 explants repeated 4 times, All means for fresh and dry weigh are means of 5 explants repeated 4 times 
Control 1 = MS mdium having 1 mg/L BA,  Control 2 = MS mdium having 2 mg/L BA, Control 3 = MS mdium having 3 mg/L BA,   
Control 4 = MS mdium having 4 mg/L BA,  Control 5 = MS mdium, Control 6 = MS mdium having 0.01 mg/L NAA,   
Control 7 = MS mdium having 0.10 mg/L NAA, Control 8 = MS mdium having 0.15 mg/L NAA 
 
Table 2 4.11. Effects of hormonal priming of seeds on semi solid agar solidified MS medium on cv. Osmancik 97 

cultured in horizontal adaxial position. 
 
BA 
(mg/L) 

NAA 
(mg/L) 

Seed 
germination 
percentage  

(%)* 

Number 
of tillers 

per 
explant* 

Shoot 
length 
(cm)** 

rooting 
percentage  

(%)** 

Number 
of roots 

per 
plant** 

Root 
length, 
(cm)** 

Fresh 
weight  

(g)** 

Dry weight 
(g)** 

1.00 (Control 1) 66.66de 2.80ab 3.73c 100.00a 1.60c 2.57b 0.26hij 0.11cd 
1.00 0.01 46.66fj 3.00a 3.23c 80.00ab 1.40c 0.60cd 0.24ij 0.11cd 
1.00 0.10 40.00j 3.00a 3.67c 80.00ab 1.60c 0.22d 0.31fj 0.14a 
1.00 0.15 60.00e 2.80ab 3.26c 0.00b 0.00c 0.00d 0.32ef 0.13ab 
2.00 (Control 2) 73.33cd 3.20a 3.95c 80.00ab 1.20c 1.44bcd 0.27jhi 0.11cd 
2.00 0.01 73.33cd 2.80ab 3.98c 80.00ab 1.20c 0.44d 0.26hi 0.11bc 
2.00 0.10 46.66fj 3.00a 3.71c 40.00ab 1.00c 1.00cd fa 0.11bc 
2.00 0.15 93.33a 3.00a 3.85c 20.00ab 0.40c 0.10d 0.26hij 0.11cd 
3.00 (Control 3) 93.33a 2.20b 3.66c 100.00a 1.00c 2.44b 0.22j 0.09e 
3.00 0.01 80.00bc 3.00a 3.77c 80.00ab 0.80c 0.49cd 0.29fjh 0.11bc 
3.00 0.10 86.39b 3.00a 3.71c 40.00ab 1.00c 0.11d 0.25hij 0.09e 
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3.00 0.15 80.00bc 3.00a 3.51c 40.00ab 1.40c 0.17d 0.29fjh 0.11bc 
4.00 (Control 4) 66.26de 3.00a 4.15c 40.00ab 0.40c 0.26d 0.27jhi 0.10cde 
4.00 0.01 80.00bc 2.60ab 3.50c 80.00ab 1.00c 0.56cd 0.23ij 0.09e 
4.00 0.10 40.00j 3.00a 3.99c 60.00ab 1.80c 0.19d 0.32ef 0.09e 
4.00 0.15 73.33cd 2.60ab 3.06c 0.00b 0.00c 0.00d 0.36de 0.11cd 
Control 5-MS 
medium 

80.00bc 3.00a 9.26a 100.00a 5.80b 4.07a 0.53c 0.09e 

Control 6   0.01   65.26e 3.00a 9.42a 100.00a 10.00a 1.90bc 0.64a 0.11bc 
Control 7   0.10   73.12cd 2.80ab 5.91b 100.00a 10.20a 0.68cd 0.60b 0.11cd 
Control 8   0.15 52.59f 2.80ab 6.13b 100.00a 5.80b 0.93cd 0.53c 0.09de 
**Values showed in same column by different letters are statisitically different using Tukeys’b Test at 0.01 level of significance 
*Values showed in same column by different letters are statisitically different using Tukeys’b Test Test at 0.05 level of significance. 
All values are means of 100 explants repeated 4 times, All means for fresh and dry weigh are means of 5 explants repeated 4 times 
Control 1 = MS mdium having 1 mg/L BA,  Control 2 = MS mdium having 2 mg/L BA, Control 3 = MS mdium having 3 mg/L BA,   
Control 4 = MS mdium having 4 mg/L BA,  Control 5 = MS mdium, Control 6 = MS mdium having 0.01 mg/L NAA, Control 7 = MS 
mdium having 0.10 mg/L NAA, Control 8 = MS mdium having 0.15 mg/L NAA 
 

DISCUSSION 

 Although, Turkey is water locked on three sides, 
most of the Anatolian lands face problem of water 
shortage and as such could be counted as semi arid. 
Above described scenario necessitates development of 
technologies for low water cultivation techniques for rice 
planting in agreement with Pandey et al. (1998), Liu et 
al. 2014a,b). This study reports and compare useful and 
harmful effects of rice cv. Hamzadere and Osmancık 97 
seed priming behaviour with BA, BA+NAA and NAA 
for 14 days. It may be mentioned that 6-
benzylaminopurine (BA) a first-generation synthetic 
cytokinin, that accelerate growth and division of plant 
cells leading to emergence of lateral buds, shoot 
formation and flowering etc. (Sun and Zhang, 2006; 
Ohashi et al., 2009).  
 It is also known that NAA is aromatic in 
structure and stimulate cell elongation, division, and 
subsequently leads to increase in shoot length, and 
photosynthesis. NAA is also involved in induction of 
flowers, setting of fruits, late senescence. They also 
interfere and suppress bud sprouting (Basuchaudhuri, 
2016).  
 This study has proved that availability of MS 
medium macro and micronutrients along with vitamins 
+30 g/l sucrose) are more important compared to the 
availability of hormones in the form of auxins and 
cytokinins for growth and development of rice seedlings 
irrespective of their concentrations and combinations. 
Marked and significantly different behavior was sighted 
on germinated seedlings and growth parameters as was 
realized for each type of treatment. The results indicated 
that performance of BA, NAA or BA+ NAA primed rice 
seeds showed inhibition in germination compared to the 
rice seeds primed with MS medium used singly. It 
appeared as if MS medium in agar solidified substrate 
might have stimulated seedling growth in the presence of 
30 g/l sucrose. MS medium used singly seems adequate 

to obtain satisfactory seedling growth in agar solidified 
MS medium. The results further showed that MS medium 
was the best priming medium followed by very low 
concentration (0.01 mg/L) of NAA. 
 The results confirmed that there seemed  little to 
be gained, when NAA is used above 0.1 mg/L.   Any 
concentration of NAA exceeding this concentration used 
singly was partially inhibitory, BA used singly was 
inhibitory and  some concentrations of  BA+NAA used in 
combination was both inhibitory and deteriorative and 
most of them did not allow root induction on the 
seedlings. The results of the study are not in agreement 
with Turetskaya and Polikarpova (1968); Christov and 
Koleva (1995); who have reported increased root 
initiation on cuttings of some plants when plant growth 
regulators were supplemented with vitamin C, B1 or K. 
The results of this study are also in agreement with  De 
Klerk et al. (1997); Rani et al. (2008). They have 
suggested use of MS basal salt mixture and vitamins for 
in vitro rooting studies.   
 Contrarily, previous reports suggest positive 
effects of NAA used singly on growth and development 
of some monocotyledonous and dicotyledonous plant 
species. Singh and Sharma, (1982 and and Bangal et al., 
(1983), have shown that increase in seed and pod weight 
occurs  with NAA foliar application  at flowering stage in 
groundnut, chickpea and faba beans. Khanzada et al. 
(2002) observed maximum number of seeds per pod 
when NAA was applied 15 days post  emergence. 
Similarly, favourable influence of NAA has been 
reported for many cereals on increasing yield of cereals 
like wheat (Alam, et al., 2002; Zahir et al., 1998; 
Muthukumar, et al.,2005). Improvement in rice seed 
yield of  cv. BRRIdhan-29 and BRRIdhan-50 was 
realized after spray of  200 mg/L NAA during winter 
season by Golam Adam et al., (2011); and Bakhsh, et al. 
(2011). Root length, root volume and root weight (dry 
and fresh) were found to show marked increase using 100 
mg/L (ppm) of NAA under flooded conditions. 
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Maximum root length, and root weight (fresh and dry) 
was obtained from 100 mg/L (ppm) NAA. (Sarker et al., 
2013). Contrarily, multiplication of rice cells was 
maximum and positive after priming with agar semi 
solidified MS medium that invigorated germination and 
other parameters positively compared to  the seeds that 
were primed using 0.01, 0.10 and 0.15 mg/L 
concentrations of NAA.  
 Chaudhuri et al. (1980) and Sarker et al. (2013) 
observed that NAA application had positive effects on 
total dry matter production at harvest on rice plant fresh 
and dry weight.  
 After auxin precursor biosynthesisis generation 
using  (Shikimate pathway) in plastids located in 
cytosols. They conjugate and degrade after reacting with 
amino acids and sugars. Their subsequent hydrolysis play 
role in development and growth of plants. As such NAA 
treatment at balanced or appropriate rate could help in 
induction and improved activities of adventitious roots. 
This improves nutrient uptake followed by better cell 
division and elongation of plants with delayed ageing or 
senescence as was observed in this study in agreement 
with Zhi-Guo, et al. (2012) and Campanoni et al., (2005). 
 Possible causes of differential seed germination 
under the influence of BA, BA-NAA and NAA used 
singly could be due to their differential effects on rates of 
cell metabolism that accelarated metabolic changes of 
primed seeds. All of these activities subsequently resulted 
in markedly different seed germination and growth rates. 
The results of the study are in agreemnt with Liu et al., 
(2001), who reported positive effects of 
benzylaminopurine on tillering using low tillering rice 
cultivar North Rose and high tillering cv Sasanishiki 
under hydroponic conditions after foliar spray of BA at 6-
leaf stage. Foliar BA spray inhibited production of new 
leaves. Likewise, treating BA singly was better compared 
to combined treatment effect of BA+NAA. These effects  
never surpassed plant growth regulators  primimg 
behaviour;  when MS medium was used singly or MS 
medium contained any concentration of NAA. Overall, 
BA or BA+NAA applications were inhibitive to all 
growth parameters pertaining to cv. Hamzadere and 
Osmancık 97 in the present study. 

Conclusion: Right choice of priming agent could help in 
improving seed germination and in turn yields. Variable 
effects on growth components were realized on growth 
parameters depending on concentrations and 
combinations of cytokinins or auxins used in the study. It 
could be implied that priming with MS medium was the 
best with maximum germination, production of tillers 
affecting all growth parameters positively including fresh 
and dry weight followed by priming with 0.01 mg/L 
NAA in MS medium. Application of this technology 
could help in better emergence, tillering and 
establishment compared to all other treatments in rice 

breeding programs without risk of change of genetic 
makeup of plants using plant growth regulators. This will 
also help in preserving  agronomically important 
properties of the selected materials.   
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