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ABSTRACT: In Europe, authorities frequently ask forensic laboratories to analyze seized cannabis plants to prove that cultivation was illegal
(drug type and not fiber type). This is generally done with mature and flowering plants. However, authorities are often confronted with very young
specimens. The aim of our study was to evaluate when the chemotype of cannabis plantlets can be surely determined through analysis of eight major
cannabinoids content during growth. Drug-type seedlings and cuttings were cultivated, sampled each week, and analyzed by high-performance liquid
chromatography with diode array detection. The chemotype of clones was recognizable at any developmental stage because of high total D9-tetrahy-
drocannabinol (THC) concentrations even at the start of the cultivation. Conversely, right after germination seedlings contained a low total THC con-
tent, but it increased quickly with plant age up, allowing chemotype determination after 3 weeks. In conclusion, it is not necessary to wait for plants’
flowering to identify drug-type cannabis generally cultivated in Europe.
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Cannabis is the most frequently used illicit drug in the world. The
cannabis plant can be cultivated in a wide range of environments,
and it grows wild in many parts of the world. It is currently esti-
mated that cannabis is cultivated in 172 countries and territories (1).

The chemistry of Cannabis sativa L. (Cannabaceae) has been
studied extensively, and more than 525 different chemical sub-
stances have been isolated from the plant (2–6). The most interest-
ing constituents of the plant are terpenophenolic compounds unique
to cannabis, the cannabinoids. Approximately 109 cannabinoids are
known to exist, concentrated in a resinous secretion that is pro-
duced by glandular trichomes distributed across most aerial surfaces
of the plant, and particularly concentrated at the female inflores-
cence (7). The main biologically active cannabinoid is D9-tetrahy-
drocannabinol, commonly referred as D9-THC, known for its
psychoactive properties (7–9). Another intensely studied cannabi-
noid is the nonpsychoactive cannabidiol (CBD) (10,11), characteris-
tic of fiber-type cannabis.

The cannabinoids are actually biosynthesized in a carboxylated
form in plant tissues. The most common types of acidic

cannabinoids are D9-tetrahydrocannabinolic acid A (THCA-A), can-
nabidiolic acid (CBDA), and cannabigerolic acid (CBGA). THC
acid exists under two forms: THCA-A and THCA-B. Only traces
of THCA-B can be detected in cannabis samples (12). THCA-A is
therefore the major form and will be further referred to as THCA.
CBGA is the direct precursor of THCA, CBDA, and cannabi-
chromene acid (Fig. 1). Almost no neutral cannabinoid can be
found in fresh plant material. However, the carboxyl group is not
very stable and easily lost under influence of heat or light, resulting
in the corresponding neutral cannabinoids (7). Most of these are
formed slowly upon heating and drying of harvested plant material,
during storage, and when the cannabis products are heated before
or during consumption (i.e., smoking, vaporizing, making tea, or
baked products) (7,9,13,14). In this article, the total content of
THC or CBD present in the plant material corresponds to the sum
of the free cannabinoid and its respective acidic precursor.

The variable conditions met during growing, processing, storage,
and use of cannabis can also induce the formation of cannabinoids
breakdown products. The most commonly found in aged cannabis
is cannabinol (CBN), produced by oxidative degradation of THC
(7,15). THC can also be transformed by isomerization to D8-THC,
which is an artifact (7).

According to total THC and total CBD contents, three main
chemotypes (chemical phenotypes) of cannabis are recognized:
drug-type plants (chemotype I) have a high [total THC ⁄ total CBD]
ratio (>>1.0) with a total THC content over 0.3% of inflorescence
dry weight and a CBD level lower than 0.5%; intermediate-type
plants (chemotype II) show an intermediate ratio (close to 1.0, typi-
cally 0.5–2.0); and fiber-type plants (chemotype III) exhibit a low
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[total THC ⁄ total CBD] ratio (<<1.0) (13,16). The latter, usually
called ‘‘hemp,’’ thus refers to varieties that have low THC concen-
trations (usually lower than 0.3%) but contain CBD as major
compound. However, hemp includes also two later defined nonpsy-
choactive chemotypes: chemotype IV contains cannabigerol (CBG)
as main cannabinoid (>0.3%); and chemotype V shows practically
undetectable amounts of all cannabinoids (16).

In countries where hemp cultivation is allowed, the cultivars are
tested to verify that the psychoactive potency is below an accept-
able level. For granting permits to fiber hemp growers, the Euro-
pean Union requires that the total THC amount does not exceed
0.2% (dry weight of the inflorescence) (16,17).

Regarding drug-type cannabis, the last decades of the 20th cen-
tury saw the appearance of a new problem in Europe: high-THC-
yielding varieties of cannabis are now cultivated and produced
locally, generally indoor under controlled conditions. Consequently,
an increase of cannabis plant seizures was observed during the last
years, for example, c. 15,000 cases were reported in Europe in
2007 with 2.4 million plants seized (18). In Belgium, law enforce-
ment authorities frequently ask forensic laboratories to determine
the chemotype of seized plants to prove that the cultivation is ille-
gal. In general, the above-mentioned chemotype determination is
done with female inflorescences of mature plants. However, police
forces and laboratories do not always have adult plants for analysis.
It is therefore interesting to consider chemotype identification in
young specimens.

The aim of the study was to observe the evolution of major can-
nabinoid levels in high-THC-yielding varieties all along the growth
of plants and therefore to evaluate when the chemotype of plantlets
can be safely determined. Cannabis seedlings and cuttings were
cultivated under controlled environmental conditions, and sampling
was performed each week. According to a previously published
method, total THC (THCA + THC), total CBD (CBDA + CBD),

and CBN were quantitatively determined, whereas D8-THC was
qualitatively determined (19). Samples were analyzed by high-per-
formance liquid chromatography with diode array detection
(HPLC-DAD). HPLC-DAD was chosen because the thermal con-
version of acidic cannabinoids occurring in gas chromatography
(GC) systems was demonstrated to be incomplete and irreproduc-
ible (19,20). As only neutral forms of cannabinoids are detected
after GC analysis, the partial conversion of acidic cannabinoids
may cause an underestimation of the total cannabinoid content
(20). With HPLC, samples are not heated. Acidic and neutral cann-
abinoids are therefore detected, and their concentrations are
summed to obtain the total cannabinoid content.

Materials and Methods

Plant Material

Plants of C. sativa were provided by the Belgian Federal Police.
The shoots were received c. 1 week after germination or after cut-
ting from a mother plant and were cultivated from the earliest stage
of development until harvest. We received three sets of plants com-
ing from different seizures. The plants belonged to the same canna-
bis variety within each group. The first set (A) contained 13 young
shoots grown from seeds. Five were female plants, five were males,
and three of undetermined sex (harvested before flowering). The
second set (B) consisted of seven young female clones coming
from the same mother plant. The last set (C) comprised 45 female
clones taken from another mother plant, among which 12 were
cultivated until senescence stage.

The plants were cultivated in an indoor grow box in the labora-
tory during the year 2008. Environmental conditions were rigor-
ously controlled. The cultivation conditions are listed in Table 1.
The plants were grown under an indoor vegetative lights cycle

FIG. 1—Biosynthetic pathway for acidic and neutral forms of THC, CBD, and CBG, and main THC breakdown products. DT = heating, [O] = oxidation,
[I] = isomerization.
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(18-h light and 6-h dark) during 4–9 weeks depending on the set.
When their sizes were appropriate, plants were then exposed to a
flowering light cycle (12-h light and 12-h dark) until harvest. All
along the development, the plants were gradually transplanted in
increasingly large pots when it was necessary.

All the plants were periodically analyzed for their cannabinoid
content. The samples, collected each week all along the growth,
consisted of young shoots and leaves during the growing phase and
inflorescences during flowering.

Sample Preparation and HPLC-DAD Conditions

Sample preparation and HPLC-DAD analysis were performed
following the study by De Backer et al. (19). In accordance with
ISO17025 and the guidelines of the French Society of Pharmaceuti-
cal Sciences and Techniques, this method was fully validated using
the total error approach (21–24).

Briefly, plant material samples were dried for 18 h in a 35�C
forced ventilation oven and then powdered, and 200 mg was
extracted with 20 mL of methanol ⁄ chloroform (v ⁄v: 9 ⁄ 1) by agita-
tion during 30 min. The extract was filtered, diluted, then evapo-
rated under a gentle stream of nitrogen and finally redissolved in
100 lL of a mixture of water ⁄methanol (v ⁄ v: 5 ⁄ 5). Prazepam was
used as internal standard.

All chromatographic runs were carried out using a Hewlett-Pack-
ard (HP) 1100–1200 series HPLC System (Agilent Technologies,
Bçblingen, Germany) coupled with a Waters (Zellik, Belgium) 2996
photodiode array detector (DAD). The wavelengths monitored were
211 and 220 nm for the neutral and the acidic cannabinoids, respec-
tively. Chromatographic separations were achieved using a Waters
XTerra� MS C18 analytical column (5 lm, 250 · 2.1 mm i.d.) pro-
tected by a Waters XTerra� MS C18 guard column (5 lm,
10 · 2.1 mm i.d.). The mobile phase consisted of a mixture of meth-
anol ⁄ water containing 50 mM of ammonium formate (adjusted to
pH 5.19). Initial setting was 68% methanol (v ⁄v), which was linearly
increased to 90.5% methanol over 25 min, then increased to 95% in
1 min. After maintaining this condition for 3 min, the column was
set to initial condition in 1 min and re-equilibrated under this condi-
tion for 6 min. Flow rate was set to 0.3 mL ⁄ min, and the injection
volume was 30 lL. All experiments were carried out at 30�C.

The levels of seven major cannabinoids (THCA, THC, CBDA,
CBD, CBGA, CBG, and CBN) were quantified, and D8-THC was
determined qualitatively. THC, CBD, and CBN were purchased
from LGC Standards (Molsheim, France); THCA, CBDA, CBGA,
CBG, and D8-THC were from Echo Pharmaceuticals BV (Weesp,
the Netherlands). The limits of quantification (LOQ) and detection

(LOD) are listed in Table 2. For more details and all validation
results, see De Backer et al. (19).

Results

Total THC Content During Growth

The evolution of the total THC content at different developmen-
tal stages during growth is shown in Fig. 2 for the three sets of
cannabis plants. In set A, we received plants that were just germi-
nated but at different developmental stages. The age of the plants
was not exactly known, but we estimated it as comprised between
1 and 3 weeks postgermination. We therefore expressed, in Fig. 2A,
the time as the number of weeks following the reception of the
plants and not following the germination. In sets B and C, the time
is expressed in weeks following the cutting of the clones.

One week after the reception, the young shoots of set A con-
tained a total THC concentration (mean € SD) of 0.21 € 0.06%
(percentage of weight of dry plant material) at the beginning of the
vegetative state. Total THC content then increased to values
(mean € SD) comprised between 1.62 € 0.08% and 2.08 € 0.60%
before the onset of flowering. The cannabinoid content was stable
throughout the vegetative stage, before the appearance of flowers
(Fig. 2A). In sets B and C, the total THC content was directly
higher than in set A (week 1) because clones contain the same
THC content as the mother plant from which they are taken. Total
THC concentration values (mean € SD) were comprised between
2.24 € 0.99% and 3.33 € 1.28% in set B, and between 2.16 €
0.39% and 2.69 € 0.35% in set C. In clones, total THC content
was also stable all along the vegetative stage (Fig. 2B,C). During
the reproductive stage, total THC content increased strongly with
plant age and reached the highest level during the fifth or the sixth
week postflowering in each set. Highest total THC concentrations
(mean € SD) were 18.91 € 0.86%, 16.52 € 3.02%, and
22.50 € 2.65% in sets A, B, and C, respectively (Fig. 2). After a
short plateau, the peak concentrations were followed by a decline
in total THC content that is considered the onset of senescence of
the plants. Only in set C, total THC content showed a decrease fol-
lowed by an increase during the 14th and 15th weeks. This is prob-
ably due to discrepancies in the THC content between different
parts of the plants sampled, and it would likely represent a plateau
between the 13th and the 15th weeks.

Other Major Cannabinoids

Cannabidiol—Studying drug-type cannabis, we expected to find
very small amounts of total CBD. However, CBD and CBDA were

TABLE 1—Cultivation conditions met in the grow room.

Grow room Home Box� La (100 · 100 · 200 cm)
Air extractor Ruck� RVK 125Lb; flow: 355 m3 ⁄ h
Lighting HPS (high-pressure sodium) lamp:

Philips Green Power� 400 Wc

Potting soil Sets A and B: 2 ⁄ 3 of Plagron� Light Mixd

1 ⁄ 3 of worm castings Plagron�

Set C: Plagron� All Mix
Nutrients Deionized water added with organic, liquid fertilizers,

and additives for growth and flowering (Plagron�

Alga-Grow, Alga-Bloom, and Green Sensation)
Temperature 17–32�C. Mean: €25�C during the day
Hygrometry 45–95%. Mean: €60%

aHomeBox, Berlin, Germany.
bRuck Ventilatoren GmbH, Boxberg, Germany.
cPhilips Belgium NV, Brussels, Belgium.
dPlagron, Ospel, The Netherlands.

TABLE 2—Limits of quantification (LOQ) and limits of detection (LOD) of
the method.

LOQ LOD

%* ng %* ng

THCA 0.05 12.5 0.025 6.25
THC 0.05 12.5 0.025 6.25
CBDA 0.05 12.5 0.05 12.5
CBD 0.075 18.75 0.075 18.75
CBGA 0.05 12.5 0.05 12.5
CBG 0.15 37.5 0.1 25
CBN 0.05 12.5 0.025 6.25

CBD, cannabidiol; CBDA, cannabidiolic acid; CBG, cannabigerol;
CBGA, cannabigerolic acid; CBN, cannabinol; THC, tetrahydrocannabinol;
THCA, tetrahydrocannabinolic acid.

*Percentage of weight of dry plant material.
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never detected in the plants of sets A and B. If some CBD ⁄CBDA
was present, the levels reached were always below the LOD of the
method for these two sets of plants. This is not surprising because
in the Netherlands, the best varieties are selected for their high
THC content and their low CBD production which may almost be
suppressed in some cases after years of cross-breeding. Neverthe-
less, small amounts of CBDA were found in a few samples of set
C at the end of the reproductive stage. At that moment, the plant
produces more resinous secretion and the cannabinoid levels
increase. During the 12th week, two samples of 12 contained
CBDA levels above the LOD but below the LOQ. During the 15th
week, five samples were positive. Only one sample contained a
CBDA concentration equal to the LOQ (0.05%), whereas its total
THC concentration was 26.4%.

Breakdown Products—CBN was found in only three samples,
in very small amounts. Mean € SD values were 0.09 € 0.02% of

CBN. On the other hand, D8-THC was never detected in the sam-
ples. This indicates that our drying and storage methods were
appropriate.

Cannabigerol—Similar to THC, an increase in total CBG con-
tent was observed in all sets of plants with plant growth. However,
the concentrations found were low in comparison with total THC
levels. For example in set C, CBG was not detected during the veg-
etative stage and appeared during the ninth week (third week of
flowering) at concentrations below the LOQ (0.15%), which was
never reached. CBGA was found from the fourth week until the
end of the cultivation in higher concentrations. CBGA levels rose
up from 0.11 € 0.08% to 1.93 € 0.22% during the flowering (12th
week). A slight decline was observed during the three last weeks of
cultivation. Results in the two other sets were similar.

Discussion

Cannabis cultivation in Europe is widespread and possibly
increasing. In 2007, 19 European countries mentioned domestic
cannabis cultivation, with big variations in the scale of the phenom-
enon (18). In this study, we analyzed drug-type cannabis varieties
usually cultivated in Belgium and representative of Belgian high-
scale illegal cultivations. We reproduced the cultivation conditions
used by illegal indoor growers in Europe (Belgium, the Nether-
lands, the United Kingdom, etc.) as closely as possible. For exam-
ple, we used the same growth material, the same type of lighting
and nutrients, and we cultivated high-THC-yielding varieties. The
plants were seized in Belgium, but these varieties were probably
coming from the Netherlands because the vast majority of Belgian
growers are buying their clones or seeds in that country. Another
phenomenon is high-scale cannabis cultivation by Dutch traffickers
on Belgian soil, using material coming from the Netherlands. Those
Dutch varieties are mainly intended to be cultivated indoor for the
production of sinsemilla (‘‘Nederwiet’’).

It was previously reported that total THC content generally
increases with cannabis plant age up to the highest level during the
peak budding stage, reaching a plateau that is followed by a
decrease during the onset of senescence (8). The results we
obtained in this study are in accordance with those of Chandra
et al. (8), even though they used a different cannabis variety origi-
nating from Mexico. The three sets of plants we studied were com-
parable in terms of yield of cannabinoids content. Changes in total
THC concentration followed a similar pattern in the different sets
during the vegetative and reproductive states. Although peak total
THC content was somewhat different among the sets, the overall
trend was the same and the discrepancies observed were probably
due to various potencies of the cultivated varieties. The most
important difference was seen at the very early stage of develop-
ment between clones (sets B and C) and seedlings (set A). In the
first case, cuttings have the same cannabinoid content as the mother
plant from which they are taken. The mother plants used by grow-
ers are well developed, and therefore, the clone chemotype is
immediately recognizable. In the case of drug-type cannabis clones,
the maximum THC content allowed (0.2%) is exceeded at any
developmental stage. Conversely, seedlings contain very low total
THC concentration right after the germination. Vogelmann et al.
(25) showed that THC appeared at very low concentrations after
60 h in seedlings of a drug strain of Mexican origin grown under
vegetative greenhouse conditions. The THC level increased gradu-
ally during development and reached only 0.04 € 0.01% after
6 days. In the seedlings we cultivated, the total THC concentration
also took a few weeks to increase above 0.2%.

FIG. 2—Evolution of the total THC (THC + THCA) content during the
cannabis plant growth in the three sets. The bars represent the mean values
of the THC and THCA concentrations at each time point € the standard
deviations of the total THC values. The onset of flowering is indicated by a
bracket or an arrow. Set A: n = 2 (weeks 1–2), n = 8 (week 3), n = 11
(week 4), n = 10 (week 5), n = 7 (week 6), n = 5 (week 7), and n = 4
(weeks 8–12). Set B: n = 6 (weeks 1–2), n = 5 (week 3), n = 4 (week 4),
n = 3 (week 5), n = 6 (weeks 6–8), n = 5 (week 9), and n = 1 (week 10).
Set C: n = 6 (week 1), n = 10 (week 2), n = 7 (week 3), n = 8 (week 4),
n = 6 (week 5), n = 14 (week 6), n = 4 (week 7), n = 12 (weeks 8–11),
n = 10 (week 12), n = 11 (week 13), n = 4 (week 14), and n = 8 (week 15).
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THC and THCA were the only cannabinoids detected when we
received the seedlings. At that moment, the total THC level was
already near 0.2% (0.21 € 0.06%). Unfortunately, the exact age of
the seedlings was not known, and they were probably not all sowed
at the same moment. The seedling size was between 7 and 15 cm,
and we evaluated their age as comprised between 1 and 3 weeks
after germination. It is interesting to note that even though the
plants did not have the same age, their total THC levels were very
close. After 1 week of cultivation in our growth room, the total
THC content increased sharply to a mean value (€SD) of 1.62%
(€0.09%), and therefore, there was no doubt concerning the plant’s
chemotype because no CBD ⁄ CBDA was found.

It may be difficult to determine the plant’s chemotype during or
right after the germination. But in high-potency varieties, the maxi-
mum THC content allowed for fiber-type cannabis cultivation can
be quickly reached. We can consider that 3 weeks after germina-
tion, the chemotype of a high-THC-yielding variety can be safely
determined. This corresponds to plantlets being at third or fourth
leaf stage, under our cultivation conditions. This means that it is
not necessary to wait for plants’ flowering to analyze female buds
and identify drug-type cannabis.

The results of this study are in accordance with previous reports
despite discrepancies in the described procedures, for example, a
different type of cannabis cultivated (16), plantations in green-
houses under environmental conditions or analysis of plant samples
after only 28 days of growth (16,26). In this study, we cultivated
highly potent cannabis varieties (‘‘Nederwiet’’) and reproduced
indoor controlled cultivation conditions used in Belgian illegal plan-
tations. The plants were sampled and analyzed weekly, from the
first week following seedling or clone cutting until senescence. We
agree with Pacifico et al. (16) who postulated that no plant
intended for the effective production of THC and marijuana will
develop a low THC ⁄ CBD ratio typical of fiber hemp, irrespective
of the development stage; vice versa, no fiber-type plant will show
a high THC ⁄ CBD ratio typical of drug plants whatever the moment
of the analysis.

In conclusion, the data presented in this study show that the
chemotype of high-THC-yielding varieties can be determined at a
young age and is stable throughout the life of the plants. In addi-
tion, it has to be pointed out that the high total THC concentrations
observed in this study likely represent the strong potency of canna-
bis varieties cultivated in Western Europe at the present time.
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