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hammer. Extracted seeds from various trees from the above location 
were pooled and used in germination experiments.

Culture conditions

Fleshy locular seeds were surface sterilized with 6% (v/v) solution 
of Sodium hypochlorite (NaOCl) containing 0.1% Tween-20 for 10 
min followed by at least �ve rinsing with autoclaved distilled water 
under aseptic condition. �e pH of all culture media was adjusted to 5.8 
solidi�ed with 0.8% agar (Agar Technical, Oxoid, UK) and autoclaved 
at 121 °C at 104 kPa for 15 min. All cultures were incubated in growth 
room under 16 h photoperiod (35 ± 5 µmol m-1s-1) �tted with white 
�uorescent tube lights (Philips, 40W, Pakistan) at 25 ± 2 °C with 44 % 
relative humidity of growth room.

In vitro seed germination and growth of seedlings: Healthy 
seeds were inoculated in culture vessels (25 x 150 mm, Pyrex, Germany) 
containing 10 ml agar-solidi�ed MS [15] medium with 3% sucrose 
supplemented with Sigma-Aldrich grade adenine sulphate (ADS), N6-
benzyleadenine (BA), kinetin (KIN), zeatin (ZEA), and thidiazuron 
(TDZ) at various levels (0.08,0.22,0.35,0.8,2.2 or 3.5µM). Medium 
without cytokinins was considered as control. �e data for percent seed 
germination were recorded a�er 40 days of initial culture. Shoot as well 
as root length (cm) was also recorded on the same day of harvesting.  

Hyperhydricity

�e hyperhydricity was calculated according to Kadota and Niimi 
(2003) by using the following formula: 

�e percentage of hyperhydricity (vitreous, chlorophyll de�cient 
water logging shoots) was recorded on the same day (40) of harvesting. 
Green shoot with normal growth was considered as morphologically 
normal seedlings. 

Acclimatization and survival of seedlings

 Seedlings were immersed in 1% (v/v) fungicide (Dithane M-45, 
Dow AgroSciences, USA) for 30 sec and planted  in poly-cups �lled 
with peat moss + sand + soil (1:1:1) in glasshouse at natural day/night 
low light conditions (67 µmol m-1s-1) at 27 ± 2 °C with 60 ± 5% relative 
humidity. �e survival percentage of seedlings was calculated a�er 40 
days of transfer in the glasshouse by the following formula.

Biochemical analysis (determination of soluble proteins)

 A sample of 0.1 g leaves from 40-day old In vitro and acclimatized 
seedlings grown on di�erent concentrations of each cytokinin were 
collected for extraction and determination of total soluble proteins 
(TSP) following the method of Premkumar et al. [16]. Leaf tissues were 
crushed in pestle and mortar in liquid nitrogen to a �ne powder and 
homogenized in extraction bu�er and centrifuged at 13,000 rpm for 
15 minutes. �e supernatant was separated and TSP were determined 
spectrophotometrically (HITACHI U-1100) at 750 nm. A�er the 
extraction, quantitative analysis of TSP was performed according to 
the method of Bradford [17].

Physiological analysis (determination of chlorophyll 
contents)

For determination of the chlorophyll a (Chl a) and chlorophyll b 
(Chl b), plant material as described above was collected and ground 
in pestle and mortar to a �ne pulp in  80% acetone and centrifuged 
(Sorvall® RC-5B) at 5,000 rpm for 15 min. �e supernatant was 
collected and concentration of Chl contents was determined with 
spectrophotometer on the basis of mg/g fresh weight (FW) of tissue 
according to Premkumar et al. [16]. 

Experimental design and data analysis

Completely randomized design was used of 5 cytokinins with 7 
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4). Generally, survival percentage of acclimatized seedlings was low 
with high concentrations of cytokinins. Seedlings grown on BA were 
healthy and vigorous with large leaves and stout stems irrespective of 
seedlings on TDZ hardly survived or very low survival frequency (5.21 
to 10.22%) was obtained (Figure 2c).

Chlorophyll and TSP contents

Generally, the amount of photosynthetic pigments was signi�cantly 
improved by increasing the concentration of each cytokinin In vitro 

(Figure 5) as well as in glasshouse growing plants (Figure 6). Both 
Chl a (1.86 mg/g FW) and Chl b (1.30 mg/g FW) were highest at 0.22 
µM BA from In vitro seedlings as compared to control (Chl a 0.86, 
Chl b 0.27 mg/g FW). Seedlings on TDZ and ZEA had least amount 
of photosynthetic pigments. Similarly, acclimated seedlings for 40 
days in the glasshouse also had more chlorophyll pre-cultured on 
all cytokinins especially BA and ADS (Figure 4). Highest amount of 
Chl a (1.91 mg/g FW) and Chl b (1.70 mg/g FW) were recorded from 
plantlets previously grown at 0.22 µM BA as compared to control (Chl 
a 0.91 and Chl b 0.40 mg/g FW). However, TDZ and ZEA were least 
e�ective produced chlorophyll contents in the acclimatized seedlings.

�e amount of TSP was highest in acclimatized as compared to In 
vitro seedlings (Figure 6). Generally, amount of TSP was signi�cantly 
improved by increasing the concentration of all cytokinins. In case of 
In vitro seedlings, BA at 0.22 µM produced highest TSP contents (7.52 
mg/g FW) as compared to other cytokinins and control (2.35 mg/g 
FW) followed by 4.12 mg/g FW TSP with ADS (0.35 µM). TSP contents 
in acclimatized plantlets were also highest at 0.22 µM BA (8.88 mg/g 
FW) followed by 5.63 mg/g FW at 0.35 µM ADS. �iourea derivative 
TDZ and ZEA at 3.50 µM were least e�ective for production of TSP, 
i.e., 2.88 and 3.75 mg/g FW, respectively than other cytokinins, albeit 
higher than control (2.75 mg/g FW).

Discussion

In vitro seed germination is an important aspect for axenic seedling 
production under the in�uence of various plant growth regulators 
(PGRs) for subsequent micropropagation and organogenesis of woody 
and non-woody plants. �e present investigation clearly showed that 
germination of teak seeds was signi�cantly improved with di�erent 
cytokinins under In vitro conditions. Our previous report demonstrated 
the likelihood of teak seed germination on MS basal medium [18]. In 
the present study, we achieved improved rate of germination with 
cytokinins.

Signi�cant relationship exists between endogenous hormones 
and their action on the targeted developmental seed germination 
loci. Exogenous application of cytokinins plays signi�cant role by 
stimulating speci�c metabolic activity for enhanced germination and 
seedling growth [6,19]. In the present study, BA was most e�ective as 
compared to ADS, ZEA, KIN, and TDZ for In vitro seed germination. 
Existing information vis-à-vis the use of cytokinins added in tissue 
culture medium for In vitro seed germination of trees is scanty. However, 
Bhattacharya and Khuspe [20] obtained 70% In vitro seed germination 
with BA in Carica papaya. Stewart and Kane [21] reported 47.2% In 
vitroseed germination in Habenaria macroceratitis with KIN (1 µM). 
Dutra et al. [22] and Samuel et al. [23] also demonstrated the similar 



Citation:  Akram M, Aftab F (2015) Effect of Cytokinins on In vitro seed Germination and Changes in Chlorophyll and Soluble Protein Contents of 
Teak (Tectona grandis L.). Biochem Physiol 4: 166. doi: 10.4172/2168-9652.1000166

Page 4 of 6

�©�½�º�Ã�»�³�������Ú���œ�Á�Á�Ã�³�������Ú����������������
�•�·�½�±�¶�³�»���£�¶�Ç�Á�·�½�º��
�œ�¦�¦�¡�������������������������•�–�£�����¯�¼���½�¾�³�¼���¯�±�±�³�Á�Á���¸�½�Ã�À�¼�¯�º��

 



Citation:  Akram M, Aftab F (2015) Effect of Cytokinins on In vitro seed Germination and Changes in Chlorophyll and Soluble Protein Contents of 
Teak (Tectona grandis L.). Biochem Physiol 4: 166. doi: 10.4172/2168-9652.1000166

http://link.springer.com/article/10.1007%2Fs00344-005-0129-4#page-1



	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods
	Plant material
	Culture conditions
	In vitro seed germination and growth of seedlings
	Hyperhydricity
	Acclimatization and survival of seedlings
	Biochemical analysis (determination of soluble proteins)
	Physiological analysis (determination of chlorophyll contents)
	Experimental design and data analysis

	Results
	In vitro seed germination and growth of seedlings
	Hyperhydricity and survival of plantlets
	Chlorophyll and TSP contents

	Discussion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	References

