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ABSTRACT 

Pinus wallichiana seeds were subjected to tetrazolium test in order to evaluate their viability characteristics. Seeds were soaked in 
distilled water for 24 hours followed by soaking in 1% tetrazolium salt and incubated at 30oC ±1 temperature in dark for 36 hours. Six 
staining patterns were recognized. Root mean square method was applied to determine the viable categories. Three staining patterns 
represented viable and three non-viable seeds. The tetrazolium staining, an established method of testing seed viability was compared 
with germination test. Nine seed lots were tested by each method .A close relationship was observed in the results of TTC test and 
germination test in the present investigation. The tetrazolium staining technique thus potentially provides an immediate and rapid 
method for determining seed viability. 
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INTRODUCTION 

Seed viability testing is important for understanding the 
quality of seeds, which has great impact on the quality of 
planting stock. If the quality of the seed is poor at the 
time of sowing, then no amount of post sowing case will 
be of any avail. It is therefore imperative to have certainty 
about the quality and viability of the seed before 
commencing sowing and planting work. Germination test 
is commonly used for the assessment of tree seed quality 
but it is time consuming as it requires a minimum of thirty 
five days for its completion. Furthermore germination 
test of conifer seeds are also inadequate and do not 
express their true viability1.A method is needed for 
separating all the non-viable from viable seeds, because 
live seeds are sometimes visually indistinguishable from 
dead seeds. Testing for seed viability is therefore required 
to estimate the number of living seeds in a seed bank.  

A viable seed is a seed that has the potential to 
germinate, emerge through the soil surface and form a 
normal and healthy seedling under a wide range of field 
conditions. Viability is the percentage or proportion of 
viable seeds in a seed lot. In the present study, viability 
testing was accomplished by testing the seeds with 
tetrazolium (TZ), which stains respiring tissues red2, 3, 4 
and is generally considered to be the most accurate 
method for determining seed viability. Viability testing 
with tetrazolium is always preceded by germination 
testing to develop a close relationship between the two 
methods largely used for testing the quality of seeds 
before starting sowing work5. 

Several methods have been used to estimate the viability 
of seeds, but all are laborious enough to limit the scope of 
seed bank studies. One of the most reliable technique is 
the tetrazolium test6, often referred to as a “quick test”. 
The tetrazolium staining is an established method of 

testing seed viability7, and most commonly practiced 
biochemical staining method8, 9.The TZ test remains as 
one of the seed industry’s most rapid and useful methods 
to assess seed quality. The history of TZ test development 
is highlighted by10, 11. The applicability of TTC (Triphenyl 
Tetrazolium Chloride) as useful viability indicator has 
already been reported for the seeds of conifers12-14, 
restoration and conservation ecology15-17 and natural 
ecosystems, particularly those with frequent fires18-,20. 
Perhaps one of the greatest assets of the test is its 
applicability to a large number of different species largely 
recognized by International Seed Testing Association9. 
Tetrazolium testing provides a quicker way to obtain seed 
viability data, also when in a state of dormancy21,7. 
Several research workers have successfully used it for the 
determination of tree seed viability22-27. 

Pinus wallichiana A.B.Jackson (Blue pine/Kail), the finest 
pines of north-western Himalayan region, is well known 
for its commercial and ecological importance28. The 
species grows naturally along the entire length of 
temperate Himalayas usually at altitudes ranging from 
2000 to 3,500 meter above mean sea level29. Of the 
Indian pines, the wood of the blue pine is considered to 
be the best and stands next to deodar in value30,31. 
Though exploited mainly as a source of timber, the 
species is good source of oleoresin also, which is used for 
the production of turpentine oil, rosin, needle oil and 
camphor32,33. In addition, it is a dominant species of the 
vibrant but fragile forest ecosystems of the Kashmir 
Himalaya34. Seeds are the principal means of 
perpetuation of this species but its seed germination 
attributes are not only erratic but also low and takes 
more time to complete which results in prolong 
germination, irregular seedling growth and thus poor 
quality of the seedlings. Lot of variation has been 
observed in the tetrazolium staining pattern in our earlier 
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experiments with the seeds of this species31. Thus, it 
becomes imperative to standardize the efficacy of 
tetrazolium staining in assessing the viability of the seeds 
of the species for the production of quality planting 
material (QPM) in large scale for afforestation and 
reforestation programmes currently underway in Kashmir 
Himalaya of Jammu and Kashmir State, India. 

MATERIALS AND METHODS 

Sources of seed lots 

The tetrazolium and germination tests were compared in 
nine seed lots obtained during September- October, 2007 
from the entire distributional range of the species in 
Kashmir Himalaya of Jammu and Kashmir State, located 
between 32o 17' to 37o 16' North latitudes and 73o 26' to 
80o o6' East longitudes and 81o East Greenwich, falling in 
the north-western extremity of Himalayan region of the 
country. After following extraction, cleaning and 
processing, these seeds were mixed thoroughly into a 
homogenous lot. The seeds were then air dried and 
subsequently divided randomly into 9 seed lots (hereafter 
designated from a to i) and then kept in separate well 
labeled air tight plastic containers at room temperature. 
All the seeds prior to evaluation with regard to viability 
and germination attributes were first visually assessed 
beneath a dissecting microscope, and the badly 
deteriorated seeds were removed. After removing the 
deteriorated seeds, each lot of stored seeds were further 
divided into two sub-samples, one were tested with  
tetrazolium staining and another were tested with the  
germination test under controlled conditions. 

Viability Testing 

The tetrazolium test was performed according to the 
procedure devised by International Seed Testing 
Association5.200 seeds from each seed lot were used for 
this test in four replications of 50 seeds each. The seeds 
were soaked in distilled water for 24 hours before 
staining to allow complete hydration of all the tissues. 
This process permits the activation of germination 
enzymes and makes the seed tissues less fragile. The 
seeds were then bisected longitudinally to expose the 
embryo and stained with 1% solution by weight of 
triphenyl tetrazolium chloride made by dissolving the 2, 3, 
5 TTC in double distilled water. The seeds were then 
placed in 1% TTC solution in petridishes on double sheets 
of Watman No.1 filter paper moistened with distilled 
water, which were then covered with aluminum foil and 
incubated at 30oC ±1 temperature in dark for 36 hours 
(Table 1).  

Table 1: Details of pre-treatment, concentration of solution and 
staining time for the seeds of Pinus wallichiana 

Pre-treatment 
Concentration 
of TZ solution 

(%) 

Staining time at 30oC  
±1 temperature (hrs.) 

Soaking the seeds in 
distilled water for 24 

hours followed by 
longitudinal cut. 

1.0 36.0 

It is an established fact that colourless solution of TTC salt 
on entering the living cells produces a reddish, water 
insoluble compound called formazon by the activity of 
dehydrogenase enzyme. After 36 hours, seeds whose 
embryos had stained red and had a firm flesh were 
classified as viable This property of TTC salt helps to 
differentiate living cells from the dead cells i.e. the living 
cells stained red and are, therefore, considered as viable 
or germinable while the dead cells of the seed do not take 
up stain and are colourless, therefore, considered as non-
viable or non- germinable. The tissues of the living cells of 
the seed took up the stain in different patterns during this 
period. After staining, the solution was drained off and 
seeds were rinsed with tap water. Viability of each seed 
was interpreted according to the topographical staining 
pattern of the embryo and the intensity of the 
colouration with the help of magnifying glass and the 
pattern of each individual seed was recorded under six 
staining categories (Table 3) as per the instructions 
prescribed by the35. The staining pattern of each seed was 
recorded to 6 categories presented in Fig.2. 

Germination Testing  

Germination test was also conducted following the 
procedure devised by9 200 seeds from each seed lot were 
taken for performing the germination tests separately. 
These were sown in 4 replications of 50 seeds each in 
sand medium in germination trays (Fig.1) as 
recommended by35, 36 and subsequently incubated at 
35oC. The experiment was laid in a complete randomized 
design (CRD).Prior to sowing, the seeds were soaked in 
water for 7 days, which is recommended to overcome the 
physiological dormancy mostly encountered in 
conifers37,38. Utmost care was taken to keep the 
germinating medium moist by adding a small quantity of 
double distilled water, whenever needed. The first count 
on germination, recorded as the initial germination 
percentage, was made on the 7th day of the test and 
thereafter observations were made daily at 11.00a.m. till 
the end of the experiment. The final count on 
germination, recorded as final germination percentage, 
was made on the 35th day of the test after following39, 
when the experiment was terminated. The protrusion of 
radicle was taken as the criterion for germination40,41. Age 
of the seed and germination percentage at the time of 
experimentation is given in Table 2. 

Table 2: Age of P. wallichiana seed and germination 
percent at the time of TTZ test 

Age of the seed (months) Germination percent (%) 

7 months 82.69 
 
Table 4: Comparison of germination test and viability test 
for estimating seed viability in P.wallichiana 

Germination percent1 Viability percent2 

82.69 79.82 
      1Actual germination percent under controlled conditions. 
        2Assumed viability percent by tetrazolium staining. 
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Table 3: Staining results of Tetrazolium test and mean germination percentage of seeds in P.wallichiana 

 
1Tetrazolium staining categories 1-6. 
2Tetrazolium staining percent in 9 seed lots i.e. from a-i. 
3Mean values of nine seed lots each with four replications in six tetrazolium staining categories. 
4Mean values of nine seed lots each with four replications in germination test. 
a-i Number of seed lots tested for both tetrazolium staining and germination test. 

 

Data Analysis 

For predicting the viability, the root mean square (RMS) 
method as described by42 was used. The method had 
earlier been used by43 for predicting the viability in Pinus 
roxburghii seeds, within 6 staining categories, 1 and 6 
were recognized as viable and non- viable respectively. Of 
the remaining four types, each has two possibilities and 
together yield 15 combinations of evaluation criteria.  
Root mean square differences between standard 
germination test (G) and TZ- predicted viabilities (P) of 
each evaluation was calculated as: 

 
Where, G1- n = Germination % of seed lots from 1 to n. 
  P1- n = TZ staining % of seed lots from 1 to n.  
   n      = Total number of seed lots. 
The evaluation criterion that created least RMS value was 
recommended for the TZ test of the species. 

RESULTS AND DISCUSSION 

Tetrazolium solution is a colourless one and when 
imbibed by the seed tissues interferes in the reduction 
process of living cells and accept hydrogen from 
dehydrogenase resulting in the production of red stable 
and non-diffusible substance, Triphenyl formazon in the 
living cells which makes it possible to distinguish the red 
coloured living parts of the seeds from the colourless 
dead ones. Based on this phenomenon, tetrazolium 
stained seeds were classified into six staining patterns as 
shown in the Fig.2. Table 3 shows the percentage of seeds 
stained and classified under different categories for nine 
seed lots (i.e. from a to i) as well as the germination 
percentage of each seed lot. A look into the Table 3 and 
Fig.2 indicates the category 1 has been identified as fully 
viable as the cotyledons and embryos were fully stained. 
An average of 37.10% of seeds stained in this category 
while category 6 was clearly non-viable as the embryos 
and cotyledons were full unstained or stained in very 
small patches. An average of 9.61% of the seeds stained 
in this category. In addition to completely stained viable 
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seeds (category1) and completely unstained non-viable 
seeds (category 6), partially stained seeds also occurred 
(category 2-5). The viability of categories 2-5 was 
determined by using root mean square method. Table 5 
shows the root mean square values of different 
combinations of categories 2-5 with fully viable category 
1. 

Figure 1: Seed germination and seedling emergence of 
Pinus wallichiana in germination trays. 

 
 

Figure 2: Staining pattern of seeds in Pinus wallichiana. 

 
1. Embryo and cotyledons fully stained.  
2. Embryo fully stained and less than ¾ portions of 

cotyledons unstained.  
3. Embryo fully stained and less than ½ portions of 

cotyledons unstained.  
4. Embryo stained with cotyledons stained in patches.  
5. Embryo unstained and cotyledons stained fully or in 

patches.  
6. Embryo and cotyledons unstained or stained in very 

small patches.  

 

After pooling together the root mean square values of 
staining categories, it can be seen that combinations of 
categories 1, 2 and 3 gave the least root mean square 
value and hence it is justified to include categories 2 and 
3 as viable categories. It can be seen that when any other 
category is either included or deleted from this 
combination, the root square value will give a much 
higher viability percentage as compared to the actual 
germination percentage leading to faulty determination 
of viability. Anatomically also, categories 2 and 3 
represent normal cotyledons as described earlier by44. 
Category 4 has stained embryo but the cotyledons are 
unstained (i.e. damaged) at the point of attachment. Also 
less than 50% tissues are alive, justifying the category to 
be non- viable. Similarly category 5 has unstained or 
partially stained embryo with unstained point of 
attachment with cotyledon which is also partially 
unstained. Therefore it is proper to include categories 1, 2 
and 3 as viable for tetrazolium staining test in the seeds 
of blue pine. The viability of categories with least RMS 
value is 79.82%.Analyzing the data on germination studies 
of 9 seed lots (4 replications of 50 seeds in each seed lot), 
about 82.69 % of the seeds germinated. This value did not 
vary significantly than that of the percentage viability 
(79.82%). Similarly45 also noted close relationship in the 
results of germination test and TTC test in Albizia procera 
seed. The results of the present investigation are also in 
line with43, who also predicted the viability of P. 
roxburghii through tetrazolium staining. Similar studies 
have already been conducted by26, who advocated that 
tetrazolium test proved to a definite test for viability than 
germination test which takes days to complete. 

Table 5: Root Mean Square (RMS) determination for 
representation of viable categories 1-5 in P. wallichiana 
seed after tetrazolium staining. 

S.No 
Categories considered 

as viable 
Root mean square 

1. 1,2,3,4,5 15.06 
2. 1,2,4,5 18.66 
3. 1,3,4,5 18.15 
4. 1,4,5 36.48 
5. 1,2,3,5 13.62 
6. 1,2,3,4 24.02 
7. 1,2,5 24.92 
8. 1,3,5 43.95 
9. 1,2,4 4.69 

10. 1,3,4 21.15 
11. 1,2,3 20.76 
12. 1,5 39.28 
13. 1,4 12.86* 
14. 1,2 26.59 
15 1,3 27.64 

* The category group with least root mean square value. 
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CONCLUSION 

Efficacy of tetrazolium test in determining the seed 
viability of P. wallichiana was evaluated against the 
germination test. The percentage viability and 
germination were 79.82% and 82.69% respectively. 
Therefore the present study has further proved it a rapid, 
effective and valuable research technique and confirmed 
its suitability for prediction of seed viability and 
determining reasons for poor germination of the seed of 
this pine species. Hopefully the present studies will also 
pave the way for successful plantation and multiplication 
of this species, which is crucial for environmental, 
ecological and economic-well being of the mankind.  
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