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Variability in morpho-physiological parameters of fenugreek genotypes
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Abstract
Ten genotypes of fenugreek (Trigonella foenum-graecumL.) were evaluated for genetic variation for morphological,
physiological and seed quality parameters. Significant variation was recorded in fresh weight, shoot weight, root weight
and no. of branches during 30, 60 and 90 days after sowing. The study revealed different crop physiology with some
like A3-31-1-17 accumulated more fresh weight during early growth stage while genotype B4-22-7-2-1 and B5-33-20
showed increased vegetative growth during 30-60 DAS. Shoot length of different genotypes was ranged between 9.4212.42cm at 30 DAS which increased significantly at 60 DAS and 90 DAS. Root length was increased in all the
genotype at 60 DAS but very less or no increase in length was noticed on 90 DAS. All the genotypes showed pod
formation only after 60 DAS. Similarly Chlorophyll synthesis gradually increased in all the genotypes up to 90 DAS. All
the tested genotypes showed growth in leaf area up to 90 DAS. Maximum leaf area (8.9 cm 2) was recorded for
genotype B5-6-1 and AFg-3 while minimum (6.1) leaf area was observed in C4-2-14 genotypes. Genotypes were also
differing in water potential recorded at 60 and 90 DAS. Genotype C4-2-14 and B3-77-8-10 showed to maintain water
potential at 90 DAS. Maximum seed yield was recorded in AFg 3 closely followed by A3-31-1-17.
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tones with a productivity of 1210 kg/ha (Anonymous, 2015).
Fenugreek can be grown under a wide range of climatic
condition. It requires cool climate and dry weather is must
at the time of maturity. Environmental factors such as
water, temperature and nutritional status affect the morphophysiological and biochemical responses of plants which
were studied by many researchers (Chhibba et al., 2000,
Acharya et al., 2007). In the present investigations a set
of fenugreek genotypes have been evaluated in to
estimate the available variation in studied genotypes that
can be further use in plant improvement programmes.

Introduction
Fenugreek (Trigonella foenum-graecum L.) is an annual
herb belonging to the Fabaceae family the genus
Trigonella, meaning ‘little triangle’, refers to the shape of
the leaflets. The genus Trigonella consists of more than
50 species. The most cultivated and widely spread
species of this genus is foenum–graecum, fenugreek,
which literally means ‘Greek hay’ indicating its use as
forage in the past. Fenugreek is a native of South-Eastern
Europe and West Asia (Petropoulos, 2002) where, it is
found growing wild and has been cultivated for a long
time. The Indian sub continent is thought to be secondary
centre of origin as there is wide diversity among the
fenugreek found in this area and wild forms are also found.
Fenugreek leaves and seed are commonly used for
flavouring and as a spice in curries due to their strong
flavour and aroma. In addition, Araee et al., (2009) reported
a wide range of medicinal uses, including for the treatment
of inflammation, tumors, cardiovascular disease, rental
insufficiency infections and metabolic disorders. In India
it is cultivated mainly in Rajasthan and occupies a total
area of 91000 ha with an annual production of 1.11 lakh

Materials and methods
The experiment was conducted during Rabi season of
2016-17. The experimental field was prepared by 2-3
ploughing with cultivator and beds of 3 m x 2 m size were
prepared. The seeds of ten fenugreek genotypes were
sown on 7th November during the year 2016. Sowing was
done in rows spaced 30cm and plant to plant by 10 cm
apart at a depth of 5 cm. One thinning was done at 20
DAS. The excess plants were removed to maintain
uniform plant spacing of 5cm. Two weeding cum hoeing
was done manually at 40 DAS and 60 DAS. The crop
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was harvested manually with the help of sickles on 21
and 22 March 2017. Prior to the final harvest of crop, five
plants randomly from each plot were harvested for the
recording of yield and its attributes. The crop in the
respective plots was left for sun drying after tagging.
Before threshing, the crop was threshed plot wise
manually and grain yield was recorded accordingly. A
small sample of grain was drawn from each plot for
estimating test weight.
Morphological parameters
Five plants were selected randomly from each plot for
recording fresh weight, shoot weight, root weight, shoot
length, root length, no. of branches at 30, 60, 90, and at
harvest. After recording above parameters samples were
put for drying in an oven at 60 C for 48 hrs.
Physiological parameters
The observations on physiological parameters viz., leaf
area, water potential, canopy temperature, difference
between canopy and air temperature, chlorophyll content
were recorded at 30, 60 and 90days after sowing. The
methodology for each of them is given below
Leaf area
Five plant are selected from each plots and there leaf
area were measured with leaf area meter (CID Inc, USA)
at 30, 60, 90 days respectively. Fully expanded third leaf
from top was used for measuring leaf area in square c.m2
Water Potential.
Twig water potential () was measured at 60, and 90
days after sowing in the noon at 11.00 to 12.30 with the
help of Pressure Chamber “system analysis of plant
stress” model 3115. (PMS Instrument Corporation
Corvalles, Oregan, USA) as described by Scholander et
al. (1965).
Canopy Temperature
A hand held infrared thermometer (IRT), model TESTO845, Tele temp crop, Fullerton (CA) was used for
instantaneous measurement of canopy temperature and
canopy temperature depression. Measurements were taken
when IRT viewed 100 percent canopy cover and held at
an angle of 30°, approximately 50 cm above the canopy
from horizontal and at 1m distance from the edge of the
plot end. Data was recorded between 12:00 h to 14:00 h.
Total Chlorophyll content
Chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll
(mg g-1 fwt) was measured as per (Hiscox and Israelstam,
1979).
Yield attributes
No of Pods/plant
Five plant were selected randomly from each plot for
recording no of pods and seed yield per plant at 30, 60,

90 and harvest. One thousand seed were counted at
random from harvested produce of each genotype and
weighed after drying of seed to safe moisture levels and
expressed in grams.
Total oil content
Thirty grams of seeds were ground with domestic mixer
and packed in a filter paper pouch. The pouch was then
placed in jam bottle and poured around 150ml of n-hexane
for 24 hrs. Afetr 24 hrs n-hexan was evaporated using
rotary evaporator. Remaining oil was collected and
measured. Oil percentage was calculated with following
formula:
volume of oil  I
Total oil re cov ery 
 100
weight of speed powder  g
Total Sapogenins
The defatted cake (residue after oil extraction) was kept
under the hood overnight. The next day 100 ml methanol
was added to the cake and the mixture was shacked
overnight on a rotary shaker at 50 rpm. This mixture was
centrifuged at 4000 rpm for 5 minutes. The centrifugation
process was repeated three times and supernatant were
pooled. Methanol was evaporated in a hood to obtained
yellow crystal powder of crude sapogenins.
Total sapogenin 

sapogenin weight  g
 100
speed weight  g

Diosgenin Content
Diosgenin was determined as per the methods described
by Baccau et al., (1977) and Uematsu et al., (2000) with
some modification. Standard diosgenin and
p-Anisaldehyde were procured from sigma-aldrich, USA.
All other chemicals were of analytical grade. The diosgenin
level was determined by measuring absorbance at 430
nm, based on the colour reaction with anisaldehyde,
sulfuric acid and ethyl acetate. Briefly, two colour
developing reagent solutions were prepared: (A) 0.5 ml
p-Anisaldehyde (99%) and 99.5 ml ethyl acetate and (B)
50 ml concentrated sulfuric acid and 50 ml ethyl acetate.
A 1000 ppm solution of crude saponins was prepared in
methanol. 100 l of this solution was placed in another
glass tube. The methanol was evaporated under reduced
pressure. This residue was dissolved in 2 ml of ethyl
acetate; 1 ml each of reagents A and B were added to the
tube and stirred. The test tube was placed in a water bath
maintained at 600C for 10 minutes to develop colour and
then allowed to cool down for 10 min. in 250C. The
absorbance of the developed colour was measured with a
spectrophotometer (Labindia) at 430 nm. Ethyl acetate
was used as a control for the measurement of absorbance.
As a reagent blank, 2 ml ethyl acetate was placed in a
2
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tube and assayed in similar manner. For the calibration
curve, 10-80 ppm standard diosgenin in 2 ml ethyl acetate
was used. Each sample was repeated thrice and the
average was taken. The amount of diosgenin was
calculated by using the standard curve of diosgenin
prepared with methanol having R2 value ranged from
0.96-0.99.

Total diosgenin 

branches were developed in each genotype being observed
maximum 6.6 in genotype B5-33-20 and minimum (4.4) in
genotype B5-5-6-1. Genotype C4-23-1 showed significant
increase (4.8-8.6) in number of branch recorded after 90
DAS otherwise all genotypes showed no change or very
less increases in number of branches. Shoot length of
different genotypes was ranged between 9.42-12.42cm
at 30 DAS which increased significantly at 60 DAS and
90 DAS. Maximum (90.4 cm) shoot length was recorded
in genotype B3-77-8-10 while minimum (56.4cm) length
was observed in A3-31-2-7-2. Similarly root length was
also minimum (4.92 cm) in C4-2-14 and B5-73-11 while it
was maximum (6.74 cm) in genotype AFg-3. Root length
was increased in all the genotype at 60 DAS but very
less or no increase in length was noticed on 90 DAS
except genotype C4-2-14 which was minimum during 30
DAS.
All the genotypes showed pod formation only after 60
DAS. Variation in number of pods/plant is observed from
11.6 to 31.4 which further increased at 90 DAS.
Genotypes B5-5-6-1 showed maximum (41.4) pods
plants–1 while minimum (25.6) was recorded in genotype
A3-31-2-7-2. All the genotypes showed variation in total
chlorophyll content at various stage of development.
Chlorophyll synthesis gradually increased in all the
genotypes up to 90 DAS. It was maximum (44.8) in
genotypes C4-23-1 closely followed (44.4) by B5-73-11 at
90 DAS while minimum (30.8) total chlorophyll was
observed in genotype B5-33-20. All the tested genotypes
showed growth in leaf area up to 90 DAS. Maximum leaf
area (8.9 cm2) was recorded for genotype B5-6-1 and
AFg-3 while minimum (6.1) leaf area was observed in
C4-2-14 genotypes (Table 3).
Ten contrasting advance line of fenugreek were taken for
present study. These lines or genotypes showed
considerable genetic and phenotypic variation in morphophysiological parameters recorded at 30 DAS. Genotypes
A3-31-1-17 and AFg-3 showed more values in most of
the parameters recorded. Variation observed was found
statistically significant since selection of genotypes was
made with a view to exploit this variation for selecting
water resistance fenugreek genotypes. Genotypic
variability in fenugreek has been reported previously by
many researchers. Acharya et al. (2006) observed
considerable variability among fenugreek genotypes.
Genotypes differ in morphology, groweighth habit, biomass
and seed production capability. Malik and Tehlan (2009)
evaluated sixteen fenugreek genotypes during 2005-06
and 2007-08 in Hisar, Haryana, India recorded observations
for plant height, branches per plant, pods per plant, length

diosgenin weight  g l
 100
seed weight

Statistical analysis
Analysis of variance
Data for different characters were statistical analysed for
significance by using analysis of variance technique
described by Panse and Sukhatme (1978). The adopted
design was Randomized Block Design (RBD) replicated
thrice.

Result and discussion
Experiments were conducted at National Research Centre
for Seed Spices, Tabiji, Ajmer during Rabi season of 20162017 to study effect of moisture stress environment on
seed yield and seed quality of selected genotypes of
fenugreek (Trigonella foenum graecum.L) and genotype x
environment interaction effect on morpho-physiological
and quality characters in 10 genotypes of fenugreek on
growth and development were recorded at different stages
of growth and development.
Table 1& 2 showed diurnal variation in morphological
growth parameters of ten elite fenugreek genotypes
recorded at 30, 60 and 90 days after sowing (DAS). All
ten genotypes showed significant difference in growth
parameters. Fresh weight was ranged from a minimum of
0.73 g in genotype B4-22-7-2-1 to a maximum of 1.89 g in
genotype A3-31-1-17. However, at 60 DAS minimum (19.9)
fresh weight was recorded of genotypes C4-23-1 and
maximum fresh weight (70.4g) was recorded of genotype
B5-33-20. This indicated the initial growth behaviour of
different fenugreek genotypes. Genotype A3-31-1-17
accumulated more fresh weight during early growth stage
while genotype B4-22-7-2-1 and B5-33-20 showed
increased vegetative growth during 30-60 DAS. Fresh
weight further increased and recorded maximum in
genotype B5-73-11 (124.5) and C4-23-1 (123.7g)
respectively. Minimum fresh weight (57.0g) was recorded
in genotype A3-31-2-7-2. Genotype C4-23-1 showed
maximum growth during 60 DAS to 90 DAS. This genotype
showed very less vegetative growth up to 60 DAS. Similar
growth pattern was also recorded for shoot and root weight
of different genotypes. Up to 30 DAS none of the
genotypes showed branches but at 60 DAS average 4-5
3
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Table 2. Growth parameters of fenugreek genotypes at different developmental stages

Table 3. Physiological parameters of fenugreek genotypes at different developmental stages
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of pod, seeds per pod and seed yield. Significant variation
was observed for all the studied characters. In present
study also selected genotypes showed significant
variations in these characters.
Plant canopy temperature was recorded at 60 and 90 DAS.
At 60 DAS canopy temperature ranged between 21°C in
genotypes C4-2-14 to 23.4°C of genotypes B5-5-6-1. At
60 DAS all the genotypes were showed less temperature
than air temperature while at 90 DAS canopy temperature
was more in all the genotypes as compared to air
temperature. Plant canopy temperature indicated the
cooler or warmer genotypes. The canopy temperature
showed diversity among the genotypes. Plant canopy
temperature recorded at various time during the day
showed significant genotypic variation. Leaf temperature
is directly determined by leaf energy and water balance.
If diminished water availability decreases latent heat flux
at the leaf surface, a complementary increase of sensible
heat will occur and create a larger temperature difference
between foliage and air (Fuchs 1990). The position,
inclination and orientation of leaves within the canopy also
produce considerable variation of leaf temperature.
Genotypes were also differing in water potential recorded
at 60 and 90 DAS. Genotype C4-2-14 and B3-77-8-10
showed to maintain water potential at 90 DAS while other
genotypes showed relatively less water potential at 90
DAS. Twig water potential is an important indicator of
plant water status. There was a significant difference

among the genotypes for the water potential as well as
environment and genotype and environment interaction
has its significant effect on the water potential of the
genotypes. Plants that can maintain adequate relative
water content (RWC) for a longer period of time under
drought exposure will have the greatest likelihood of
continued metabolic functioning and survival and studies
have been able to demonstrate that cultivars with greater
drought resistance were able to maintain higher cellular
hydration under drought conditions (McCann and
Huang 2008).
A considerable variation in seed yield of ten genotypes
was recorded which ranged from a minimum of 7.00g in
genotype B5-5-6-1 to a maximum of 10.26g in genotype
AFg 3 closely followed by genotype A3-31-1-17 (10.14g)
(Table 4). Other growth and physiological parameters
supports higher seed yields in these genotypes. Maximum
sapogenin (5.89%) was observed in the genotype B3-778-10 which is closely followed by B5-73-11 (5.77%) and
minimum total sapogenin percent was recorded in
genotype B5-33-20 (4.92%) and AFg 3 (4.92%). However,
maximum (0.36%) diosgenin was observed in the genotype
A3-31-1-17 closely followed by B5-73-11 (0.33%) and
minimum total diosgenin percent was recorded in genotype
B3-77-8-10 (0.10%) (Table 5).
The study revealed significant genetic variation available
in fenugreek genotypes that can be exploited for varietal
improvement program for specific character and
environment.

Table 5. Seed quality parameters of fenugreek genotypes at different developmental stages

A3-31-2-7-2
B4-22-7-2-1
B5-33-20
B5-5-6-1
AFg 3
C4-23-1
B3-77-8-10
C4-2-14
A3-31-1-17
B5-73-11

Test Weight (g)
12.12
11.60
13.22
12.61
13.77
9.51
12.36
14.01
13.67
12.37

Total oil (%)
3.27
2.17
2.15
1.98
2.8
2.61
1.79
2.81
2.32
2.65

Sapogenin (%)
5.51
5.61
4.92
5.44
4.92
5.84
5.89
4.97
5.73
5.77

Diosgenin (%)
0.14
0.13
0.24
0.25
0.28
0.14
0.10
0.33
0.36
0.33
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