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Abstract
Five genotypes of Trigonella foenum -graecum L.., critical to water stress at two stages viz., 40 DAS and 65 DAS,
were studied to see changes at biochemical and physiological levels. Induced water stress declined membrane
stability index and the concomitant increase in the lipid peroxidation product malondialdehyde, were found to occur in
all genotypes at both stages (40 DAS & 65 DAS). Genotypes UM-100, UM-124 & UM 134 was found to have higher
stability indices and a significantly lower accumulation of the malondialdehyde (MDA). A negative correlation was
found to exist between the two parameters. Accumulation of osmoprotectants revealed a significant increase in
contents of L-proline and glycine betaine due to water stress at both stages. Genotypes UM-100 and UM-134 were
found to have higher increase in L-Proline and GB. Genotypic variation for accumulation of molecular antioxidant, (i.e.
reduced glutathione) at both stages revealed genotypes to have decreased contents over respective controls thereby
conferring better tolerance. Significant increased activities of antioxidative enzyme viz., Peroxidase occurred in all
genotypes at both stages, thus revealing an efficient reactive oxygen scavenging mechanism working in plants
towards tolerance. Peroxidase activity was increased in all genotypes, at both stages, with higher values in the
UM-100, UM-134 & UM-124 genotypes. The reduction in contents of total chlorophyll as well as carotenoids
(pro-oxidant scavengers) during water stress at both stages in all genotypes indicated pigment losses. However,
these losses were less in the UM-100, UM-124 & UM 134 as compared to UM-112 & UM-140. Genotype UM-112 was
found high seed yielding in control condition whereas genotypes UM- 100 and UM-134 were found high seed yielding
in water stress condition. Amongst the two stages, plant responses to water stress for most of the parameters were
prominent at 65 DAS than at 40 DAS.
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leaves and shoots are quite rich in protein, minerals and
vitamin A and C. It is used as a main constituent in curry
powder. Seeds are bitter in taste due to presence of an
alkaloid “trigonelline”. In recent years the importance of
fenugreek has further increased due to presence of a
steroid called “diosgenin”. Diosgenin is used in the
synthesis of sex hormone and oral contraceptives.

Introduction
Fenugreek (Trigonella foenum-graecum L.) 2n = 16 (Fryer,
1930) popularly known by its vernacular name ‘methi’ is
an important condiment crop, largely grown in Northern
India during Rabi season. Fenugreek occupies a prime
position among various seed spices grown in India. It is
an annual herb belonging to sub-family papilionaceae of
the family leguminaceae. It is mainly a condiment, but its
seeds are also used as carminative and are an ingredient
of several ayurvadic medicines, mainly those prescribed
for promoting appetite, correcting disorder and for relieving
joints pain particularly in old age life. It is grown both for
seed as well as for fodder purpose. It is one of such crop
in which every part is consumed in one or other form. In
addition to this it serves as a soil renovating crop. The

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
biochemical responses of plants to stress. Plants have
genetically controlled mechanisms that allow them to live
and grow under stress (Boyer, 1982). This shows that
water plays an important role in physiological and
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65 DAS. Second and third (from terminal) fresh leaves
were collected for the analysis at both stages.

biochemical process in plants. One of the most important
environmental factors is the availability of water which is
included in all vital activities hence, become a limiting
factor for successful crop production. Fenugreek is grown
on conserved moisture of preceding Kharif season.
Due to insufficient, untimely and erratic rainfall in
semi-arid and arid areas, the crops often suffers from
drought at the end of the cropping season. Understanding
crop response to moisture stress is very important. There
are significant differences in the tolerance of plants to
drought stress depending upon intensity and duration of
stress, plant species and the development stage
(Singh et al., 2012).

Membrane stability index
The procedure described by Premchandra et al. (1990)
modified by Sairam (1994) was used for calculating
membrane stability index. Leaf samples (0.5 g) were
placed in distilled water (50 ml). One set was kept at 40oC
for 30 minutes and its conductivity of electrolytic leakage
(C1) was recorded using conductivity meter. The second
set was kept in boiling water bath (100 oC) for 10 minutes
and its conductivity (C2) was recorded after cooling at
room temperature. The MSI was calculated according to
the formulae:

Water stress severely reduces yields of field crops grown
under rainfed conditions (Jangpromma et al., 2010a).
However, the response of agricultural crops to drought
stress has not yet been extensively studied. It is well
known that drought stress brings about numerous
metabolic, biochemical and physiological changes in
plants like growth (Ashraf and Iram, 2005; Benjamin and
Nielsen, 2006), water status, membrane stability
(Bai et al., 2006), pigment content and photosynthetic
activity (Ekmekc et al., 2005). Drought impacts include
growth, yield, membrane integrity, pigment content,
osmotic adjustment, water relations, and photosynthetic
activity (Benjamin and Nielsen, 2006; Praba et al., 2009).
Present investigation was conducted to study the effect
of moisture stress on various physiological and
biochemical parameters in selected fenugreek genotypes.

MSI% = (1-C1/C2) x 100
Determination of Malondialdehyde
Determination of Malondialdehyde (MDA) concentration
was determined by the method described by Heath and
Packer, 1968. Two hundred mg fresh leaf samples were
extracted in 5.0 ml of 6% trichloroacetic acid (TCA)
solution, centrifuged at 8000 rpm for 10 minute. Two ml
of Thio-Barbituric Acid (TBA) reagent was added in 1 ml
of supernatant, mixed well and incubated for half an hour
in a boiling water bath. The tubes were than cooled to
room temperature. The assay mixture was then
centrifuged at 5000 rpm for 10 minutes. Supernatant
bearing yellow to light orange colour was read on
spectrophotometer at two wavelength viz. 532 nm (major
for MDA) and 600 (minor for interfering substance)
millimolar concentration of MDA was calculated as follows:

Materials and methods

MDA (mM) = (O.D.532 –O.D. 600) x 155 (extinction
coefficient).

Seeds of five genotypes (UM-100, UM-112, UM-124,
UM-134 and UM-140) were procured from Incharge, All
India Coordinated Research Project (AICRP) on spices,
Department of Plant Breeding & Genetics, SKN College
of agriculture, Jobner. A field experiment was carried out
at Agronomy farm, S.K.N. Collage of Agriculture, Jobner
during Rabi season 2014-2015. Fenugreek genotypes were
sown in 3m x 3m plot, keeping row to row distance
30 x 30cm and plant to plant distance 10 x 10 cm distance.
Sowing was done on 7 December 2014 using dibbler at a
depth of 2-3cm. The recommended dose of fertilizer
(20 kg N, 25 kg P2O5, 40 kg K2O) were given to the crop.
The sowing was done in randomized block design with
four replication and five genotypes in three sets. Among
these, two sets were used for creating stress by withholding
irrigation and one set was used as control by providing
the normal irrigation. Stress was created by withholding
irrigation after 24 days and 48 days after sowing (DAS).
Leaf samples from both unstressed and stressed plant
were used for analysis. All physiological and biochemical
parameters were analyzed at two stages viz. 40 DAS and

Estimation of L-Proline content
L- Proline content was estimated as described by Bates
et al. 1973. Fresh leaf sample (0.2 g) was extracted in 5.0
ml 3% sulphosalicylic acid using mortar-pestle at room
temperature. The homogenate were centrifuged at 8000
rpm for 10 minutes. Two ml of glacial acetic acid was
added to 1.0 ml of supernatant and mixed thoroughly,
followed by 2.0 ml acid ninhydrin reagent was added and
mixed well. The test tubes containing assay mixtures were
incubated in a boiling water bath for an hour and then
cooled to room temperature. Four ml of toluene was added
to each tube and mix well using vortex mixture. The pink
colour of L-Proline as extracted in SSA and taken up by
the toluene after incubation was separated using a
separating funnel. Toluene fractions has pink colour read
at 520 nm on a spectrophotometer. A standard curve was
prepared using L-Proline (0.1 mg/ ml). L-Proline content
of sample was calculated using the formula
L-Proline = sample O.D. x graph factor x dilution factor.
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Estimation of Glycine Betaine (Total Quaternary
Ammonium Compounds, QAC)
Glycine betaine concentrations were determined as
described by Grieve and Gratten, 1983. Leaf sample (250
mg – 1.0 g) was finely grind in 20 ml distilled water and
shaken mechanically for 24 hrs at 25 oC. The samples
were then filtered. The extract was diluted 1:1 with 2N
H2SO4. Aliquots (0.5 ml) were measured into 2 ml eppendorf
tubes and cooled in ice water for 1 hr. Cold 0.2 ml KI-I2
reagent was added to each tube and the reactant gently
stirred on a vortex mixture. The tubes were stored at 4oC
for 16 hrs and then centrifuged at 10,000 rpm for 15
minutes at 0oC. The supernatant were carefully aspirated.
Per-iodide crystals were dissolved in 9 ml of 1, 2
dichloromethane, vigorous vortex mixing was frequently
required to effect complete solubilization in the
developing solvent. After 2-2.5 hrs, the absorbance was
measured at 365 nm on a UV-spectrophotometer.
Reference standard of Glycine Betain (50-200 micro gm/
ml) were prepared in 1N H2SO4. Standard curve were
prepared and the GB content of sample was calculated
using the formula:
Glycine Betaine = sample O.D. x graph factor x dilution
factor.
Estimation of Glutathione Reduced (GSH)
Glutathione Reduced (GSH) estimation was done, as
described by Bailey, 1998. Fresh leaf sample (0.25 g)
were extracted in mortar-pestle using 5.0 ml of 0.1M
phosphate- buffer pH 7.8 containing EDTA (1mM- 50 mg
EDTA, disodium salt ) and dissolved in 10 ml 1.0 M
phosphate buffer (pH 7.8), centrifuged at 8000 rpm for 10
minutes. Supernatant collected after centrifugation was
then used for assay. To 1.0 ml of aliquot, 2.8 ml of 0.1 M
phosphate buffer (pH 7.8) was added followed by 0.2 ml
5-5 Dithiobis Nitro Benzoic Acid (DTNB). After mixing,
the reaction mixture was incubated for 30 minutes at room
temperature after which 4 ml distilled water was added.
The intensity of yellow colour was read at 410 nm on
spectrophotometer (Systronics) against reagent blank. A
standard curve was prepared using GSH (0.1 mg/ml).
Antioxidant (Peroxidase, EC. 1.11.1.7) assay
The POX activity of fresh leaves in stressed &
unstressed plants was assayed as per the method
described by Costa el al., 2002. Two hundred milligram
leaves were homogenized in a pre chilled mortar pestle
under ice cold condition in 2 ml extraction buffer,
containing 0.1M sodium phosphate buffer, pH 7.2 with
the addition of 1 mM -mercaptoethanol and 1% (w/v)
polyvinyl pyrolidone (PVP). The homogenates were
centrifuged at 10000 rpm for 20 minutes and the
supernatant used for the assay. POX activity was
determined in the supernatant of centrifuged homogenates
by measuring the increase in absorption at 470 nm in a

reaction mixture containing 50 mM sodium phosphate
buffer pH 7.0, 0.1 mM EDTA , 0.05 ml enzyme extract,
and 10 mM, H2O2 .
Estimation of Total Chlorophyll content
Total Chlorophyll content was determined as per method
described by Hiscox and Israelstam, 1979. Finely
chopped 50 mg fenugreek leaves were weighed in
graduated test tube. Ten ml DMSO was added to each
tube and incubated at 65oC for 3 hrs. After incubation the
tubes were allowed to cool at room temperature and the
volume made up to a total of 10 ml by adding DMSO. The
optical density (OD) was recorded at 663 and 645 nm by
taking DMSO as blank. The amount of chlorophyll present
in the sample was calculated using standard formulae
Total chlorophyll (mg/g) = 22.2 (O.D. at 663) + 8.02 (O.D.
at 645)
Estimation of Carotenoid content
The same extract of chlorophyll was used for carotenoid
content and absorbance was recorded as described by
Wellborn, 1994 at 480 nm. Carotenoid content was
calculated using the formulae:
Carotenoid µg /ml = (1000 A 480 - 2.14 Ca- 70.16 Cb / 220),
Where
–1
Ca (mg litre ) = (12.7 A663- 2.69 A645)
–1
Cb (mg Litre ) = (22.9 A645 - 4.68 A663)
Seed yield
For seed yield five plants were selected randomly of
each genotypes and yield was calculated in seed yield
per plant (g).
Statistical analysis
All the observation was taken in each genotypes,
replications and sets. The data was statistically analyzed
as per Panse and Sukhatme, 1985.
Results and discussion
Fenugreek crop responds to water stress in the form of
changes in various physiological, biochemical and
molecular processes. Research on water stress
tolerance mechanisms in fenugreek has gained momentum
in many laboratories around the world. In the present
study, with five genotypes varying in field performance in
response to water stress, physiological indices (membrane
stability index) have been monitored at two stages of
development, i.e., 40 DAS and 65 DAS when the crop in
field was subjected to water stress. Besides, key
biochemical parameters were also measured (viz.,
contents of lipid peroxidation product –MDA; molecular
antioxidant GSH; antioxidative enzyme activities –POX
along with osmolytes – contents of Glycine betain (GB)
and L-proline, photosynthetic pigments- chlorophyll
and carotenoids. All these parameters helped in assessing
tolerant versus susceptible genotypes at biochemical
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levels between the two critical stages of development to
water stress.
The values for stability of cellular membrane in the
fenugreek genotypes revealed that there was decline in
MSI percent of stressed plant in all genotypes at both
stages. The MSI values varied from 61.90 to 73.16 percent
on fresh weight basis under control, while under stress
it varied from 54.73 to 66.49 percent at 40 DAS. Likewise

at 65 DAS, MSI values varied 67.71 to 79.85 percent
under control, while under stress varied from 57.84 to
78.01 percent. The difference in degree of lowering of
MSI values was found significant when both the stages
were compared. The minimum decrease due to water
stress was observed in genotype UM-100 (1.32%) at 40
DAS as well as 65 DAS (2.31%). The decrease was more
at 65 DAS than at 40 DAS in all the genotypes except
UM-134. (Table 1)

Table 1. Effect of water stress on membrane stability index (MSI) & Malondialdehyde (MDA) content in fenugreek
genotypes at two stages.
Malondialdehyde content (m moles g-1 FW)

Membrane Stability Index
40 Days

Control

Stress

Percent
Decrease

Control

Stress

Percent
Increase

Control

Stress

Percent
Increase

65 Days

Percent
Decrease

40 Days

Stress

65 Days

Control

Genotypes

UM-100

67.38

66.49

1.32

79.85

78.01

2.31

28.71

31.27

8.18

20.54

22.86

10.16

UM-112

61.90

54.73

11.58

70.79

57.84

18.28

20.11

30.42

33.89

21.31

25.96

17.92

UM-124

65.33

64.15

1.81

68.30

66.30

2.94

16.78

19.10

12.17

18.60

18.99

2.04

UM-134

66.04

63.01

4.58

67.71

65.76

2.87

27.09

35.50

23.69

18.21

20.93

12.96

UM-140

73.16

63.50

13.20

72.21

66.06

8.51

19.10

31.58

39.51

15.89

26.74

40.58

S. Em
C. D. at 5%
C.V.

1.49
4.30
4.62

0.75
2.15
2.15

0.197
0.570
1.52

Stress induced membrane damage has been biochemically
marked by the presence of MDA, as one of the
thiobarbituric acid reducing substances (TBARS) that
accumulats as a consequence of membrane lipid
peroxidation. The MDA values in stressed plants were
found higher over respective controls at both stages in all
the genotypes. The content of MDA was higher at 40
DAS than 65 DAS, in all genotypes. MDA content varied
from 19.10 to 28.71 m moles g-1 fresh weight under control,
while under stress it varied from 19.10 to 35.50 m moles
g-1 fresh weight at 40 DAS. Likewise at 65 DAS, MDA
content varies from 5.89 to 21.31 m moles g-1 fresh weight
under control, while under stress the MDA content varied
from 18.99 to 26.74 m moles g-1 fresh weight (Table 1).
The present investigation showed the minimum increase
in MDA content in genotype UM-100 (8.18%) at 40 DAS,
followed by genotype UM-124 (12.17%) at the same stage.
Whereas at 65 DAS, the minimum increase in MDA was
found in genotype UM-124 (2.04%) followed by UM- 100
(10.16%) to have better stability of membranes. Genotypes
UM-140 (39.51 at 40 DAS, 40.58 at 65 DAS) and UM-112
(33.89%, 17.92 at 65 DAS) which have less membrane
stability due to higher accumulation of MDA content at
both stages (Table 1).

0.837
2.418
7.97

Reactive oxygen species are known to damage cellular
membranes by inducing lipid peroxidation (Devi et al.,
1998). Membrane stability index may be used as parameter
to estimate the cellular injury caused to membrane due to
peroxidation of fatty acids of the membrane. In present
study, the increased levels of MDA in stress condition
indicated the membrane sensitivity/membrane damage
due to water stress. Lower rate of increase of MDA in
genotypes indicated better membrane strength. In the
present study, the MSI reductions were found lowest in
genotypes UM-100 and UM-124, thus indicating these to
be putatively tolerant at both the stages. Maximum
reduction in MSI values was observed in genotype UM140 and UM-112 at both stages, indicating their high
susceptibility to water stress. The results are supported
by (Pant et al., 2014, Mittal et al., 2006, Mittal, 2010,
Karmakar et al., 2014).
The proline content varied from 53.33 to 64.92 mg
100 g-1 fresh weight under control, while under stress it
varied from 66.31 to 100.17 mg 100 g-1 fresh weight at
40 DAS. Likewise at 65 DAS, proline content varied
from 154.45 to 173.47 mg 100 g-1 fresh weight under
control, while under stress the proline content varied from
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244.89 to 388.50 mg 100 g-1 fresh weight. Thus study
showed significant increase in proline content due to water
stress at both the stages. Maximum increase due to stress
was observed in genotype UM-134 at both the stages
being observed 37.16% at 40 DAS and 56.06%) at 65
DAS (Table 2).
The GB content varied from 1.87 to 2.52 mg g-1 fresh
weight under control, while under stress it varied from
3.12 to 3.68 mg g-1 fresh weight at 40 DAS. Likewise, at
65 DAS, GB content varied from 1.17 to 1.43 mg g-1 fresh

weight under control, while under stress the GB content
varied from 1.88 to 2.49 mg g-1 fresh weight (Table 4.3 &
Fig.4. 3). Thus the present investigation showed significant
increase in glycine betaine content due to water stress at
both the stages. The maximum increase due to water
stress was observed in genotype UM-100 (44.75%) at 40
DAS. At 65 DAS, also this genotype showed the highest
increase (43.25%). On the basis of increase in GB under
water stress, genotype UM-124 seems to be tolerant to
water stress (Table 2).

Table 2. Effect of water stress on proline & glycine betaine in fenugreek genotypes at two stages.
Proline (mg 100 g-1 FW)
40 Days
65 Days

Glycine betaine (mg g-1 FW)
40 Days
65 Days

Control

Stress

Percent
Increase

Control

Stress

Percent
Increase

Control

Stress

Percent
Increase

Control

Stress

Percent
Increase

Genotypes

UM-100

63.81

98.12

34.96

163.83

363.58

54.94

1.99

3.61

44.78

1.17

2.06

43.25

UM-112

56.89

66.31

14.20

154.45

244.89

36.93

2.14

3.12

31.46

1.29

1.88

31.17

UM-124

64.92

100.17

35.19

173.47

370.31

53.16

1.87

3.21

41.59

1.43

2.49

42.44

UM-134

62.23

99.02

37.16

170.71

388.50

56.06

2.16

3.66

40.96

1.36

2.35

42.33

UM-140

53.33

67.37

20.85

159.95

257.16

37.80

2.52

3.68

31.68

1.22

2.05

40.56

S. Em

1.495

4.667

C. D. at 5%

4.19

13.48

C.V.

4.09

3.81

0.075
0.216
5.36

In order to maintain osmotic balance, specific types of
organic molecules accumulate in the cytoplasm which
are termed as compatible solutes e.g. Proline, Glycine
betaine (GB). These solutes do not impaire normal
physiological functions even if accumulated at high
concentrations. Beside osmoregulation, Glycine betaine
stabilizes the oxygen evolving activity of photosystem–II
at high levels of abiotic stress. The major role of GB might
be to protect membranes and macromolucles from
damaging effects of stress (Sawahel, 2003). In the present
study, higher levels of L-proline and GB were observed in
all genotypes subjected to water stress as compared to
control. Hence, the results of present investigation showed
high accumulation of L-proline at 65 DAS compared to 40
DAS in the stressed tissues of all genotypes indicated 65
DAS stage to be a more responsive stage in terms of
cellular osmotic adjustment. Comparing performance of
genotypes at the two stages, UM-134 and UM-100 were
found to be tolerant. Likewise, genotypes UM-112 and
UM-140 at both the stages exhibit high susceptibility to
water stress amongst all five genotypes. In this study,

0.044
0.128
5.12

contents of GB were found slightly higher at 65 DAS as
compared to 40 DAS, with highest accumulation in the
same genotypes in which proline content increase
maximally. This greater accumulation of compatible
solutes under water stress protects the cell from its
adverse effects by osmotic adjustments of cytosol with
that of the vacuole and external environment. Increase in
proline content in stressed has been suggested due to
enhanced synthesis of proline and/or stress induced
decrease in incorporation of proline into proteins
(Misra et al., 1995). In plants, GB amongst many
quaternary ammonium compounds is synthesized or found
abundant mainly in chloroplast where it plays a vital role
in adjustment and protection of thylakoid membrane
thereby maintaining photosynthetic efficiency. Several
reports on GB accumulation and drought stress have
shown that accumulation of GB under drought stress was
found to be high in drought tolerant species than drought
susceptible species. (Hitz & Hanson, 1980; Wyn Jones
& Story, 1981; Rhodes et al., 1987; Mittal, 2010;
Ranganayakulu et al., 2015). Gycine Betaine is known to
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International Journal of Seed Spices

accumulate in response to stress in many crop plants,
including Suger beet (Beta vulgare), Spinach (Spinacia
olaracea), Barley (Hordium vulgare), Wheat (Triticum
aestivum) and Sorghum (Sorghum bicolor ). In these
species, tolerant genotypes normally accumulate more
GB than sensitive genotypes, in response to the stress.
This relationship, however is not universal (Asharf and
Foolad, 2007).
Glutathione Reduced content varied from 1.49 to 1.94 mg
g-1 fresh weight under control, while under stress it varied
from 1.45 to 1.60 mg g-1 fresh weight at 40 DAS. At 65
DAS, GSH content varied from 1.73 to 2.08 mg g-1 fresh
weight under control, while under stress the GB content
varied from 1.40 to 1.90 mg g-1 fresh weight (Fig 1). A
lower accumulation of GSH in stressed plants of all
genotypes was recorded at both stages. Minimum
decrease was observed in genotypes UM-100 (1.80%) at
40 DAS and (2.71%) at 65 DAS followed by UM-124
(4.44%) at 40 DAS and at 65 DAS the decrease was
8.41%. (Fig 1).

The activity of antioxidant enzyme was found to increase,
in all the genotypes at both the stages during water stress.
The values for POX activities varied from 0.005-0.022
OD unit per minute/ 100 mg fresh weight under control,
while under stress it varied from 0.007-0.025 OD unit per
minute/ 100 mg at 40 DAS. At 65 DAS, POX activity
varied from 0.010 to 0.034 OD units per minute 100 g-1
fresh weight under control, while under stress the POX
activity varied from 0.012 to 0.039 OD units per minute
100 g-1 fresh weight. Thus, the present study showed
significant increase in POX activity due to water stress
at both the stages. The maximum increase due to water
stress was observed in genotype UM-124 (37.84%) at 40
DAS. At 65 DAS also, the maximum increase was
observed in same genotype (24.77%). However the
increase was more at 40 DAS than at 65 DAS. Our results
thus show that a significantly higher POX activity in stress
condition may scavenges the ROS (Fig 2).
In the present study, a lowering of GSH contents during
stress, the magnitude being higher at 65 DAS revealed

Fig 1. Effect Water stress on glutathione reduced (GSH) in fenugreek genotypes at two stages

Fig 2. Effect of water stress on Peroxidase ( POX) in fenugreek genotypes at two stages.
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Table 3. Effect of water stress on total chlorophyll content, carotenoid and seed yield in fenugreek genotypes at two stages.

that the fenugreek plants had detoxified ROS intermediates
(.O2-  H2O2) at this stage quickly thus indicated the
operation of ASC-GSH cycle during water stress. Effect
of water stress in plants caused cellular dehydration
leading to oxidative stress. A secondary effect of
dehydration is the increase of cellular reactive oxygen
species (Apel & Hirt, 2004). Plants cope with higher levels
of ROS produced due to oxidative stress by synthesizing
antioxidants and enhancing activities of antioxidative
enzymes. Peroxidase (POX) enzyme is responsible for
scavenging H2O2 during oxidative stress. In the present
study, the activity of POX increased markedly at both
the stages under water stress, showing that the enzymatic
anti-oxidant system was operational in all fenugreek
genotypes. These results are supported by Pant et al.,
(2014); Mittal et al., (2006); Mittal (2010) and Karmakar et
al., (2014) in fenugreek (Trigonella foenum-graecum L.)
seedlings under moisture and heavy metal stress with
special reference to antioxidant system. They found
increased POD activity, indicated that this enzyme serves
as an intrinsic defence to resist PEG induced oxidative
damage. The similar results can be derived from the
present investigation based on POX activity.
Reduction in the content of total chlorophyll was observed
in all the genotypes at both the stages during water stress.
The decline was relatively lower at 40 DAS than at 65
DAS. The content of total chlorophyll varied from 9.88 to
12.32 mg g-1 fresh weight under control, while under stress
it varied from 6.13 to 8.84 mg g-1 at 40 DAS. Likewise, at
65 DAS, total chlorophyll content varied from 6.42 to 8.50
mg g-1 fresh weight under control, while under stress it
varied from 5.15 to 6.49 mg g-1 fresh weight. Amongst the
five genotypes, the lowest reduction was observed in
genotypes UM-124 (10.55%) at 40 DAS due to water
stress. While the least reduction under stress at 65 DAS
was found in genotype UM-100 (5.14%) (Table 3). However
the total chlorophyll content was more at 40 DAS than of
65 DAS and more reduction was observed at 40 DAS
than 65 DAS (Table 3).
Significant reductions in carotenoids were found in all the
genotypes at 65 DAS in water stress condition.
The accumulation of total carotenoids content was
varied from 0.56 to 1.11 mg g-1 fresh weight under control,
while under stress it varied from 0.36 to 1.00 mg g-1 at 40
DAS. Likewise, at 65 DAS, total carotenoids content varied
from 2.08 to 3.63 mg g-1 fresh weight under control, while
under stress it varied from 1.59 to 2.14 mg g-1 fresh weight
(Table 3). Minimum decrease was observed in genotype
UM-124 (23.45%) at 65 DAS and in genotype UM-100
(9.99%) at 40 DAS followed by genotype UM-100 (24.44%)
at 65 DAS and genotype UM 124 (14.30%) at 40 DAS.
(Table 3).
Reactive oxygen species have an adverse impact on
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photosynthesic apparatus of the cell by damaging
chlorophyll (Mittova et al., 2000). In the present study,
total chlorophyll content decreased significantly in all the
genotypes at both the stages due to water stress condition.
Low level decrease in total chlorophyll in genotypes
indicated that their photosynthetic apparatus is able to
resist adverse condition due to water stress. On other
hand accumulation of higher chlorophyll content at 40 DAS
compared to 65 DAS may be due to sugar is synthesized
in photosynthesis and breaks down during respiration by
plants. The results are supported by Abdouli et al., (2012)
and Aggrawal et al., (2013). Carotenoids have showed
similar trends as chlorophyll contents. P r e s e n t
findings are also supported by research on mannitolinduced drought stress on calli of Trigonella foenumgraecum L. Var. RMt-303 by Pant et. al., (2014) where
they subjected the callus was to water stress as
stimulated by reduced water potential of growth media
due to addition of mannitol. Chlorophyll, proline and total
phenolic content, total peroxidase and catalase activities
increased under stress conditions suggesting the tolerance
of callus to drought stress.

and plant type and growth habit in both rains fed and
irrigated conditions. Hussein and Zaki, (2013) reported
that the missing of 4th irrigation in fenugreek decreased
fresh and dry weight by 52.96 and 47.3% in comparable
with control plants.

Conclusion
The results of present investigations indicated that
significant biochemical changes occur under water stress
at the two stages 40 DAS and 65 DAS. The genotype
UM-112 was found high yielder under control (non-stressed)
condition but it was highly susceptible to water stress
followed by genotype UM-140. For most of the parameters,
genotype UM-134 at both stages was found tolerant to
water stress. Genotypes UM-100 at 40 DAS and UM-124
at 65 DAS were moderately tolerant. Genotypes UM-112
and UM-140 were sensitive to water stress. 65 DAS stage
was more sensitive to water stress than 40 DAS. These
genotypes may be used for further breeding programmes
for water stress studies or to generate drought tolerant
genotypes by exploiting genetic engineering techniques.
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