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Abstract

Background: Fenugreek (Trigonella foenum - graecum L.) is an annual medicinal plant belongs
to the legume family and has anti-diabetic, anti-fertility, anticancer, anti-microbial, anti-parasitic
and hypocholesterolaemic effects.

Objective: Evaluation of growth and trigonelline /mucilage content in fenugreek under
application of plant growth regulators (PGR).

Methods: The experiment was conducted on randomized complete blocks design (RCBD) with
13 treatments and 3 replications. The treatments were consist of control (distilled water
application), Giberrellic Acid (GA3) 25 and 50 ppm and Naphthalene Acetic Acid (NAA) 25 and

50 ppm (for each concentration by soaking the seeds before planting, spray after planting, and
soaking seeds before planting with spray after planting).

Results: Application of plant growth regulators significantly increased trigonelline and mucilage
content of seed, shoots and pods dry weight per plant and 1000-seed weight. Application of plant
growth regulators had no significant effect on the SPAD value. Mean comparisons showed that
the highest shoot dry weight was related to NAA, GA; 50 ppm (soaking seeds before planting with
spray after planting), and also the highest pods dry weight, 1000-seed weight, mucilage and
trigonelline content of seeds were obtained from GA; 50 ppm (soaking the seeds before planting
with spray after planting).

Conclusion: Application of GA; 50 ppm as the soaking seeds before planting with spray after
planting are effective to obtain maximum trigonelline and mucilage content in fenugreek.

Keywords: Trigonella foenum-graecum L., Gibberellic acid, Naphthalene acetic acid,
Trigonelline and mucilage content
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Introduction

Medicinal plants are rich source of
secondary metabolites such as trigonelline
alkaloid and mucilage which are potential
source of drugs. Fenugreek is an annual crop
belongs to the legume family. This crop is
native to an area extending from Iran to
northern India, but is now widely cultivated in
China, north and east Africa, Ukraine and
Greece [1, 2]. Due to its strong flavor and aroma,
fenugreek in one of such plants whose leaves
and seeds are widely consumed in Indo-Pak
subcontinent as well as in other oriental
countries as a spice in food preparations, and as
an ingredient in traditional medicine [3].
Mucilage and trigonelline are considered as part
of secondary metabolites fenugreek which are
used in the treatment many diseases. Fenugreek
is reported to have anti-diabetic [4, 5, 6, 7, 8, 9],
anti-fertility, anticancer, anti-microbial, anti-
parasitic and hypocholesterolaemic effects [10].

PGR are substances when used in small
amount, modify substantially the growth of
plant, both stimulatory and inhibitory. Plant
growth  regulators are small organic
compounds that influence physiological
responses of plant to environmental stimulants
at very low concentration (generally less than
10’"M). They are used extensively in
agriculture, and biotechnology to modify plant
growth and development. Auxins were the first
plant hormones discovered. Naphthalene
acetic acid is one of the synthetic auxins [11].
An increase in number of pods and grains pod™
in gram was observed with 25 ppm NAA [12],
seed and pod weight was increased with foliar
application of 25 - 50 ppm NAA to chickpea
thrice at 5-days interval, beginning at
flowering stage [13]. Planofix (NAA)
increased number of pods plant”, dry pod
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yield and 100 seed weight in groundnut (40

and 50 days after sowing) [14]. Giberrellic
acid is one of the most important growth
stimulating substances used in agriculture.
Giberrellic acid is a chemical substance that
occurs naturally in many plants. It regulates
various important functions such as elongation
of stems, creation of proteins and germination
of seed plants [15]. Earlier studies have
reported that GA application (at 50, 100, and
500 ¢ m") as foliar spray on transplanted
cuttings increased plant height [16]. There are
numerous physiological effects of auxin in
plants  that include: cell elongation,
phototropism, geotropism, apical dominance,
roots begin, ethylene production and root
developmental as well as gibberellin
stimulated cell division and cell elongation
[17]. In some recent research, PGRs have been
shown to improve herb yield in fenugreek
[18], basil [19] and coriander [20, 21].

The objective of this research was to
elucidate further the effect of PGRs and
methods of their application on dry matter
production and mucilage and trigonelline
content of fenugreek seeds.

Materials and Methods

This experiment was carried out in 2011-12
at Institute of Medicinal Plants (ACECR) (56°
35" N and 50° 58" E; 1500 m elevation). The
soil was loam-silt with N (0.071%),
Phosphorous (48.9 mg.kg™), Potassium (33.6
mg.kg'l), EC (2.71 ds.m™), and pH (8.3).

This study was done on the base of
Randomized Complete Block Design (RCBD)
with 13 treatment and 3 replications. The details
of the treatments are mentioned in table 1.
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Table 1- Treatments used in the experiment
Code Treatments
C Control :soaking seeds before planting and spray after planting with distilled water.
G,D GA; 25 ppm: soaking™* the seeds before planting.
G,DS GA; 25 ppm: soaking seeds before planting with spray after planting.
G,S GA; 25 ppm: spray** after planting.
G;sD GA; 50 ppm: soaking the seeds before planting.
GsDS GA; 50 ppm: soaking seeds before planting with spray after planting.
GsS GA; 50 ppm: spray after planting.
N,D NAA 25 ppm: soaking the seeds before planting.
N,DS NAA 25 ppm: soaking seeds before planting with spray after planting.
N»S NAA 25 ppm: spray after planting.
NsD NAA 50 ppm: soaking the seeds before planting.
N;sDS NAA 50 ppm: soaking seeds before planting with spray after planting.
NsS NAA 50 ppm: spray after planting.

* Pre-plant soaking the seeds was for 8 hours in a solution with the desired concentration of growth regulators [21].
** Spraying the growth regulators on plants after planting (Spraying 20 days after sowing): the spraying was done until the drops

start to fall [21]

Twenty seeds were sown at each pot. PGRs
were sprayed in three stages including: 20, 32
and 44 days after planting. All operations were
done regularly during the growing season and
until before flowering. Plants were harvested
at full maturity pods.

In order to measure total dry matter, some
plants were selected randomly from each pot
and then were placed in the electric oven of
75°C until the constant weight was gained.
Morphological characteristics including shoot
dry weight per plant (g), pod dry weight per
plant (g) and 1000 seed weight (g) and
phytochemical  characteristics  including
content of mucilage (%) and trigonelline (mg
¢! DW) in seeds and SPAD value (SPAD)
were determined.

Isolation and extraction of mucilage
Fenugreek seeds (200 g) were soaked in
distilled water (1.5 L) at room temperature for
1h and then boiled under stirring condition in a
water bath until the slurry was prepared. The
solution was cooled and kept in a refrigerator
overnight to settle out undissolved materials.
The upper clear solution was decanted and

centrifuged at 500 rpm for 20 minutes. The
supernatant was  separated and  was
concentrated at 60°C on a water bath to one
third of its original volume. The solution was
cooled to the room temperature and was
poured into thrice the volume of acetone with
continuous stirring. The precipitate was
washed repeatedly with acetone and dried at
50 - 60°C under vacuum. The dried material
was powderd and kept in a desiccator [22].

Quantitative analysis of trigonelline

For measurement of trigonelline in the seed
samples, the Zheng and Ashihara method
(2004) [23] was modified. The samples were
ground with 80% methanol and magnesium
oxide (MgO) in a mortar and pestle. After
incubation at 60°C for 30 min, the
homogenates were centrifuged and the
supernatant was collected. After complete
evaporation of methanol, the methanol-soluble
extracts were dissolved in distilled water. The
samples were filtered using a disposable
syringe filter unit and the aliquots were used
for determination of trigonelline (TG) by
HPLC. The analyses of the samples were
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carried out using a Knauer K2600A liquid
chromatography (Germany), equipped with a
Nucleosil Cig (150 mm % 4.6 mm L.D, 5 um)
column. A mixture of methanol: water (50:50
v/v) served as the mobile phase and pH of
solution adjusted to 5.0 with 50 mM sodium
acetate. The elution has been made in an
isocratic mode at a flow rate of 1 mL. min ™'
and the detection made at 268 nm by UV
detector from the above mentioned company
[24; 25]. One analysis requires 20 min. The
retention time of this alkaloid was 4.4 min.
Before carrying out HPLC analysis, we made
calibration curve by using different
concentration (0.1, 0.2, 0.5, 0.7 and 1.0
mg.mL™") of trigonelline in phase media. Then
calibration curve made with trigonelline and
the correlations were excellent for trigonelline
(Figure 1). This process was performed
according to United States Pharmacopoeia by
cold extraction method as directed for alcohol
soluble material, except to use water in place
of alcoho [26].

Data analysis using SPSS software and the
least significant difference (LSD) mean
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comparison test was performed.
Results
Plant  growth  and  phytochemical

characteristics were significantly influenced by
PGRs and their method of application.
Analysis of variance indicated that application
of PGRs had significantly effects (p<0.01) on
shoot dry weight (Table 2) and highest shoot
dry weight was observed in GA; 50 ppm
(soaking seeds before planting with spray after
planting) and the lowest was obtained in control
(Figure 2). The PGRs have significantly affected
(p<0.01) on 1000-seed weight and trigonelline
content of seed (Table 2). Also, the pods dry
weight and mucilage content were significantly
different (p<0.05) (Table 2). The highest pods
dry weight, 1000-seed weight and trigonelline
content were observed in GAj (soaking seeds
before planting with spray after planting) and
the lowest was obtained in control (Figure 3, 4,
5 and 6, respectively). Application of plant
growth regulators had no significant effect on
the SPAD value (Table 2).

y=2829.93x+ 12235
R?*=(0.9997

1 15

Concentration of trigonelline

Figure 1- Calibration curve using trigonelline as standard
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Table 2 - Analysis of variance for dry matter and trigonelline and mucilage content in fenugreek

Sh.OOt dry Pods dry weight 1000-seed Mucilage Trigonelline SPAD
sSov df weight per | iah P |
plant per plant weight content content of seeds Value
Block 2 0.00012 0.000031 0.049 79.241 1.943 8.110
Treatment 12 0.00077" 0.00010" 1.873" 21.250° 19.471" 81.664"
Error 24 0.00013 0.000038 0.481 9.133 5.521 59.051
CV (%) - 8.65 12.85 10.13 13.92 12.42 17.98

*, ** ns shows significant at 5%, 1% and no significant, respectively
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Figure 2- Effect of PGRs on shoot dry weight per plant of fenugreek by LSD test at 5% level of significance
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Figure 3- Effect of PGRs on pods dry weight per plant of fenugreek by LSD test at 5% level of significance
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Figure 4 - Effect of PGRs on 1000-seed weight of fenugreek by LSD test at 5% level of significance
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Figure 5 - Effect of PGRs on mucilage content of seed of fenugreek by LSD test at 5% level of significance
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Figure 6 - Effect of PGRs on trigonelline content of seed of fenugreek by LSD test at 5% level of significance
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Discussion

Plant growth regulators (PGRs) have crucial
impact on primary and secondary metabolism of
plants [27]. Among PGRg there is strong evidence
that GA3 had constant effects on plants growth
and development, and consequently their active
principles content and yield. Application of 100
mg L GA resulted in higher essential oil content
of Salvia officinalis L. compared to control [28].
It is possible that GA; had the potential to
accelerate the nutrients partitioning towards cells
and active growth sites and consequently
increases those nutrients absorption via increased
root potential [27]. The phytochemical
quantitative estimation of the fenugreek showed
that the seeds were rich in trigonelline alkaloid
and mucilage. GA enhances metabolic activity
within pathways leading to accumulation of
secondary metabolites, e.g. steroids [29],
anthocyanin [30], and essential oil (terpenoid)
production [31]. Srivastava and Srivastava (2007)
reported that total alkaloid contents in leaves,
stems, and roots of GA-treated plants
(Catharanthus roseus) were significantly higher
than in untreated plant parts [32]. Subroto and
Doran (1994) reported that GA3 positive effect in
improvement the accumulation of steroidal
alkaloids in the Solanum aviculare [33].

GAj3 is known to induce an influx of Ca®’
into the endoplasmic reticulum of guard cells,
thereby initiating a process that leads to
increase in stomatal activity [34]. A less
stomatal resistance enables an easier exchange
of gases [35]. With increasing CO,,
photosynthesis was increased and
subsequently was improved performance such
as seeds. In general, the GAj3 treatment may
have also strengthened the sink potential of the
developing pods and through enhancement of
the duration rate of assimilate translocation to
these reproductive structures caused the
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observed increase in pod dry weight and 1000-
seed. It is during this critical growth phase that the
basic infrastructure of the plant functioning is laid
down, the effective dividends of which are reaped
when the plant reaches harvest [36, 37]. Higa
(1972) reported that application of auxin and
gibberellin improves the evolutionary process of
flowers and increased fruit set in saffron [38].
Vijayaraghavan (1999) showed that the grain
yield of pearl millet (Pennisetum glaucum L.) was
increased by the soaking seeds in GAj; before
planting [39]. The soaking seeds in GA; before
planting of Cucurbita pepo L. and herb spray
with  NAA subsequently resulted maximum
number of seeds per fruit [40].

Naphthalene acetic acid (NAA), a synthetic
growth regulator is known to affect the
growth, development and other physiological
and biochemical processes of plants [41, 42,
and 43]. Investigations in other countries have
shown that foliar application of NAA
improved yield, nutrient content and uptake in
cotton [44], tomato [45], greengram [46] and
fenugreek [47, 48]. The increased herb growth
and yield resulting from PGR application
could be due to the stimulation of cell division
and elongation while increasing plasticity of
cell wall [49, 50]. Similar results on herb
growth and yield of celery (Apium graveolens)
were noted by Mishriky [21, 51]. Plant growth
and seed yield increased in fenugreek when
phosphorus was applied 60 kgha' and
sprayed with naphthalene acetic acid (NAA)
20 ppm [52]. Varna (1990) showed that foliar
application of plant growth regulators (NAA
and CEPA) on cucumber seedlings increased
the performance [53].

In general, maximum plant performance
(pods dry weight, shoot dry weight and 1000-
seed weight) and plant metabolites (mucilage
and trigonelline content of seed per plant)

3
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were obtained with soaking seeds before
planting and spray after planting. The overall
result is in conformity to the findings that plant
growth regulators at different concentrations
can have quite different effects in different
plants and sometimes the same plant growth
regulator at identical concentrations can have
different effects on plant.

Conclusion
In this study, plant growth regulators (GA3; 50
ppm and NAA 50 ppm) had significantly

positive effect on dry matter and mucilage and
trigonelline content of fenugreek seeds. The
results showed that the treatments of GAjz 50
ppm and NAA 50 ppm as soaking of seed
before planting and plant spraying 20 days
after planting, improved vegetative growth and
mucilage and trigonelline content of fenugreek
seeds. Ultimately, it can be concluded that
seed priming with plant growth regulators had
the positive effect on germination and plant
establishment. Also, foliar application of plant
growth regulators has a positive effect on
synthesis of secondary metabolites.
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