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Comparison of methods for germination testing of Cannabis sativa seed
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Summary: The most critical aspect of plant survival and reproduction is seed germination. Considering the specificity
of the Cannabis sativa production, obtaining high-quality hemp seed is not an easy task. Germination testing is often the
most reliable way of assessing viability, but the selection of appropriate methods is complex. This study aimed to
evaluate the effect of different conditions (i.e. various methods of germination testing) on the successful process of
hemp seed germination, achieving maximum germination potential. Our results showed that C. sativa seeds germinated
well in different methods, such as between filter papers, top of filter papers and sand, but there were significant
differences between the applied methods. This means that the hemp seeds may have different requirements for
germination than conditions covered by the Rules recommended methods. Further, the results show that hemp seed
may have certain residual dormancy that needs to be investigated in detail.
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Introduction

Hemp (Cannabis sativa 1.) is one of the eatliest
cultivated plants (Sikora ez @, 2011) and today it has
multiple applications in industry, primarily in the
production of fiber, crushed for oil, food, and feed (Abot
¢t al., 2013). Although neglected during the 1960s, over
the past twenty years the areas under this crop have
increased significantly (FAO, 2018). Whether it is in the
form of raw seed or as a derivative (e.g. cold-pressed
seed oil), hemp seeds have become increasingly popular
both as food and nutrient supplement. In addition to
being rich in unsaturated fatty acids, it is also rich in
proteins, namely 100 g serving of seeds meets up to 63%
of the recommended daily value for protein (USDA,
2016). Due to the presence of THC in the seed, a
secondary metabolite used as a narcotic, hemp has been
prohibited in many countries in the previous century
(Salentijn e7 al., 2014).
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The most critical aspect of plant survival and
reproduction is seed germination. Considering the
specificity of the production of this plant species,
obtaining high-quality hemp seed is not an easy task.
Although the method for germination testing of hemp
seed is indicated in the rules (ISTA, AOSA, Rule of
testing seed of agricultural plants (Official Gazette SFRY
47/87)), it has been observed that different methods can
give different results. The optimum conditions for
germination should enable the germination of all viable
seeds using the simplest possible method, but germination
testing process can be specific in the case of hemp seeds,
due to high amount of oil in hemp seed. Moreover,
studying seed germination patterns is important for
successful cultivation of plants, as well as for
understanding the establishment of plant species and their
response to abiotic stresses (Hu ez a/., 2018).

The present study was conducted in order to evaluate
the effect of different conditions (i.e. different methods of
germination testing) on the successful process of hemp
seed germination and the increasing percentage of
germination

Material and Methods

Five samples of industrial hemp seeds (Sample 1,
Sample 2, Sample 3, Sample 4, and Sample 5) were used
in this experiment. Seeds of cultivar Helena were
produced in 2018 at the same locations at the Institute
of Field and Vegetable Crops, Novi Sad. Initial seed
water content varied between 9.0 and 10.0%. The moisture
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content was determined by the oven method at 130-133°C
for one hour, with two sub-samples of 4.520.5 g of seeds
for each sample (ISTA, 2018). Uniform seed water content
is necessaty to standardize evaluations and obtain
consistent results.

In order to examine the difference between several
methods for germination testing on hemp seed, six
different methods were applied to determine the maximum
germination potential of seed samples. Filter paper (5
methods) and sand (1 method) were used as a germination
medium. For each method, four replicates of 100 seeds
were sown on moist filter paper in Petri dishes and placed
at 20-30°C for 7 days. After 3 days, germination energy was
determined by counting only seedlings which essential
structures are well developed. After 7 days the total
number of typical seedlings, atypical seedlings, and non-
germinated seeds were counted. ISTA (2018) states the
following definition: "atypical seedlings do not show
potential for further development into satisfactory plants
when grown in good quality soil and under favorable
conditions of moisture, temperature and light". Seeds
which did not germinate by the end of the test period were
classified as non-germinated seeds.

All methods are listed below:

BPizo - between papers moistened with distilled water

(method recommended by ISTA);

BPknos - between papers moistened with KNO;
solution;

BPgas3 - between papers moistened with gibberellic acid;

BPpa - between papers moistened with distilled water,
pre-chilled 3 days at 5-10°C;

Stoo - sand moistened with distilled water;

TP - top on paper moisten with distilled water

(Method recommended by ISTA).

All these methods are prescribed by ISTA, but only BP0
and TP are recommended for the hemp germination
test.

Tetrazolium test was carried out on three replicates of
100 pure seeds drawn at random from either pure seed
fraction. The seed was soaked in water at 20°C for 18
hours, after which the pericarp was removed in order to
expose embryo. Seed prepared in such way was stained in
1.0% TZ solution at 30°C for 18 hours. After that,
distinction of viable and non-viable seeds was conducted

according to evaluation criteria of ISTA Rules (2018)
Statistical analysis. In order to primarily examine the
difference between the tested methods within of a single
sample, the one-way analysis of variance and Duncan’s
multiple range test were applied (P<0.05). Those statistical
methods were conducted using the software Statistica 10,
while Fisher's Least Significant Difference (LSD) was
calculated by software GenStat Release 9.1

Results and Discussion

Considering that seed germination is an extremely
complex process in which many metabolic activities occur,
the impact of environmental conditions on imbibition and
emergence is significant.

The results show that the energy of germination in all
samples, except for sample 4, and in all methods, was
greater, or statistically, not much different from the
BP20 method (Table 1). For sample 4 in all methods, as
well as for sample 5 in the method Spz0, this was not the
case. Although the energy of seed germination is a
flexible expansive parameter, its importance is reflected as
the first indicator of seed viability, quality, and
germination speed, which is undoubtedly significant when
it comes to seed field performance.

Significantly higher germination in Sample 1 and
Sample 5 at BPKN()3 and BPPCh, as well as at BPGA3 in the
Sample 2, compared to the recommended methods
(Table 2), indicates the possibility of some type of
dormancy in the hemp seed, although dormancy should
have been eradicated at domesticated seed by selection
(Small ez al, 2003). On the other hand, external
nitrogenous compounds, in this experiment KNOs, are
effective substances that help plant growth and promote
the vitality and germination of seed (Gniazdowska ez 4/,
2010). They may also be the cause of increased
germination in these treatments. In Sample 3, the highest
germination was in the Spz0 method, while for the lowest
germination there was no correctness in terms of the
method used. In addition, Sizo method shows the best
result at the low-quality seed sample (Sample 2 - 64.50%)
and quality-good sample (Sample 3 - 83.00% and Sample
4 - 76.75%). Such results are somewhat expected, because
sand, as a medium for germination, is most similar to the

Table 1. Germination energy of different samples of hemp seeds using different method for germination testing

Energy (%) Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
BP 20 73.50¢d 53.25b 72.00¢ 74.25% 50.00b¢
BP knos 75.25b¢ 51.75b 75.000 65.50¢ 58.252
BP a3 71.754 58.25q 79.004 71.75% 54.504
BP pen 79.252 55.002b 78.25% 68.500bc 51.75b
S h2o 74.75b¢ 62.75% 83.002 75.501 42.004
TP 120 77.25 55.25 72.00¢ 69.25b¢ 45.75¢d
LSDoos 2.90 8.50 4.87 5.98 4.77

* The differences between different methods and among the same sample are assigned by letters. Means with similar letter are not significantly

different, compared by Duncan’s multiple range test (P<0.05)
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Table 2. Germination of different samples of hemp seeds using different method for germination testing

Germination (%) Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
BP 1m0 76.00be 54.75b 80.00a 76.00ab 50.75b¢
BP xnos 79.004b 52.75b 78.25ab 69.75b 59.754
BP Gas 73.00¢ 59.25ab 80.25a 72.50ab 55.254%
BP pcn 79.502 55.25b 79.25a 69.50b 53.25b
S 120 75.75b¢ 64.50a 83.00a 76.75a 42,754
TP n2o 77.75% 56.00ab 73.25b 71.50ab 46.50<d
LSDoos 3.26 8.72 5.48 6.69 5.08

* The differences between different methods and among the same sample are assigned by letters. Means with similar letter are not significantly

different, compared by Duncan’s multiple range test (P<0.05).

soil. Further, examining the effect of storage on the
change of the hemp seed by applying a germination test
between filter paper at 20°C, Sutiyong e# a/. (2015) have
reported suspicions regarding the confidence on the
information obtained from this type of test.

It is well-known that temperature is an important
factor for the process of seed germination (Ooi e al.
2012). Previous studies show the importance of higher
temperatures for seed germination (92.4% at 25C and
64.3% at 10C) (Quin e al., 2014), as confirmed by this
study, except for Sample 1.

The gibberellic acid is considered as a growth-
promoting compound that positively regulates processes
such as seed germination (Razem ez a/. 20006), but this was
not confirmed by this study.

Given that the seed of all samples was produced at
the same location, under same environmental conditions,
the question arises as to why such differences in seed
germination occur between samples 1, 3 and 4 compared
to samples 2 and 5. In order to examine the number of
vital and non-vital seeds in each sample, a biochemical test
for viability (tetrazolium test) was conducted. The results of
this test showed a significantly higher percentage of non-
vital seeds in the mentioned samples (2 and 5). It is

important that a significant proportion of non-vital seeds
in these samples were the empty seeds (Table 3). The most
probable reason for this can be inadequate seed
processing, where empty seeds were not separated. This
greatly influenced the overall percentage of
germination, and hence the total value of seed lots.
Furthermore, contrary to the germination test,
tetrazolium test shows that there is still no dormancy in
the tested samples, since the percentage of vital seeds is
approximately equal to the total percentage of typical
and atypical seedlings obtained in the standard
germination test. In other words, when a seed in a

Table 3. Tetrazolium test of five hemp seed samples

Vital Non-
(%) vital (%o)

Empty seed included
in non-vital seed (%0)

Sample 1 85 15 4
Sample 2 70 30 15
Sample 3 89 11 3
Sample 4 83 17 6
Sample 5 66 34 14

Table 4. Atypical seedlings of different samples of hemp seeds using different method for germination testing

?eteygii;agls %) Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
BP H,O 1.25¢ 3.00b 1.50b 2.00b 3.25¢

BP KNO3 3.75b 3.25b 2.75b 4.75ab 5.75abe
BP GA3 2.75bc 3.25b 3.50p 2.00b 6.002b
BP Pch 1.25¢ 2.00p 1.75b 1.50b 4.00be
S H20 2.25be 1.25b 2.50p 2.50p 5.00be
TP H20 6.252 6.252 6.00a 7.250 7.752

LSDo.s 1.51 2.74 2.19 3.86 2.63

* The differences between different methods and among the same sample are assigned by letters. Means with similar letter are not significantly

different, compared by Duncan’s multiple range test (P<0.05).
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Table 5. Non-germinated seeds of different samples of hemp seeds using different method for germination testing

Non-germinated

sceds (%) Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
BP H,O 22753 42251 18.502b 22.00b 46.002b
BP KNO;3 17.25¢ 44.00a 19.002b 25.50ab 34.504
BP GA; 24.25 37.50ab 16.253 25.50ab 38.75¢d
BP Pch 19.25bc 42754 19.002b 29.00a 42.75bc
S H20 22.00ab 34.25b 14.50p 20.75b 46.00ab
TP H20 16.00< 37.75qb 20.50a 21.25b 45.75qb
LSDoos 3.59 9.32 4.97 5.83 6.67

* The differences between different methods and among the same sample are assigned by letters. Means with similar letter are not significantly

different, compared by Duncan’s multiple range test (P<0.05).

tetrazolium test is evaluated as vital, it means that it has
the ability to germinate, but it is questionable if it will
develop a typical or atypical seedling.

Although the percentage of germination was not
affected, the increased number of atypical seedlings at
all Samples at TPz compared to all BP methods and
St20, was possibly due to the difficulty in maintaining
moisture at a constant level. According to Small &
Brookes (2012), the above reason may affect significant
variation in germination of the same seed samples when
it comes germination test between paper and top of
paper method (Table 4).

BPxnos influenced decrease number of non-
germinated seeds at Sample land Sample 5, TPu2o at
Sample S1 and Sample 4, Smoo at Sample 3 and Sample
4, while BPGA3 influenced only Sample 5 (Table 5).

Conclusion

Our results showed that the seeds of C. sativa
germinated well in BP, TP and sand methods, but there
were significant differences between the applied
germination testing methods. The heterogeneity of the
samples due to weak seed processing caused the
difference in germination between the individual
samples.
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Poredenje metoda za ispitivanje klijavosti semena Cannabis sativa

Dusica Jovici¢ - Zorica Nikoli¢ - Vladimir Sikora - Gordana Tamindzi¢ -
Gordana Petrovi¢ - Maja Ignjatov - Dragana MilosSevi¢

SaZetak: Najkriticnija faza prezivljavanja i razmnozavanja biljaka je klijanje semena. S obzirom na specificnost
proizvodnje industrijske konoplje (Cannabis sativa), dobijanje visokokvalitetnog semena konoplje nije jednostavno.
Ispitivanje klijavosti je cesto najpouzdaniji nacin procene vitalnosti, ali je odabir odgovaraju¢ih metoda slozen. Ovo
istrazivanje je sprovedeno kako bi se procenio efekat razlicitih uslova tj. razlicitth metoda testiranja klijavosti, na
proces klijanja semena konoplje uz postizanje maksimalnog potencijala za klijanje. Dobijeni rezultati pokazuju da
seme C. sativa dobro klija primenom razli¢itih metoda (izmedu filter papira, na filter papiru, pesak), ali postoje
znacajne razlike izmedu primenjenih metoda. Ovo prakticno znaci da seme konoplje moze imati zahteve za klijavost
razlicite od onih koje su obuhvacene preporucenim metodama. Takode, rezultati pokazuju da kod semena konoplje
mozda postoji neki vid zaostale dormantnosti $to je potrebno dodatno istraziti.

Kljucne reci: Cannabis sativa, dormantnost, ispitivanje klijavosti semena, konoplja
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