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PHYSIOLOGICAL RESPONSES OF SOME STRAINS OF LENTIL
(LENS CULINARIS MEDIC.) TO WATER DEFICIT

S.N. Chishti & M. Ashraf
Institute of Pure and Applied Biology,
Bahauddin Zakariya University, Multan

The ellect of drought stress on the germination and growth of nine culti-
vars/lines of lentil, ILL 5845, ILL 6451, ILL 6788, ILL 6793, ILL 6796, ILL 6439,
ILL 6778, Local Masoor and Masoor 18-10 was assessed. Treatments comprised
three and six drought cycles. The plants were grown in pots.

Increasing drought stress intensity (-0.4 MPa and -0.8 MPa of polyethylene gly-
col 8000) had no significant effect on total germination of all the cultivars/lines, but
there was significant effect on rate of germination. ILL 6439, Local Masoor and Ma-
soor 18-10 had considerably higher speed of germination compared with the other
cultivars/lines at all the polyethylene glycol treatments. ILL 6439 and ILL 6451 pro-
duced significantly greater biomass compared with the other cultivars/lines. There
was no significant effect of drought on total soluble proteins and soluble car-
bohydrates but total free amino acids increased significantly in tolerant accession,

ILL 6439. The remaining cultivars/lines did not show an

their drought resistance.
INTRODUCTION

Although the Ientil crop is known to be
adapted to drought conditions, there seems
little information on the physiology of this
crop, particularly on its osmoregulation
(Anonymous, 1989). Therec is also a nced for
the dctermination of a  phyiologi-
cal/biochemical parameter that could act as
a specific indicator of drought tolerance
than yield itsclf. This criterion may be usclul
in measuring the response of the plant inte-
grated over a substantial part of its cycle and
can be used for testing large number of
plants.

Soluble sugars and soluble proteins
along with other osmotica such as free
amino acids, proline and glycine betaine are
known to play various roles in the metabolic
and physiological responses of plants to
drought stress (Hsiao, 1973). Eaton (1955)
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y consistent dilference in

observed the accumulation of carbohydrates
in cotton under moisture stress. He con-
cluded that this occurred due to decreased
carbohydrate utilisation by the cotton plants.
Similarly, Ackerson (1981) studied the role
of leaf carbohydrates in osmorcgulation in
colton in response to drought stress. He
found that walter stress acclimated plants
had more glucose than non-acclimated
plants. Hsiao (1973) tentatively deduced that
different physiological and metabolic pro-
cesses of plants are affected diffcrently at
various degrecs of walcr stress.

The present study was undertaken to
draw parallcls between drought tolerance
and diflfcrent physiological paramecters. In
addition a part of the objective was to assess
the drought tolcrance at the germination
stage in simulated drought conditions and to
draw correlations, if any, between tolerance
at two dilferent stages of plant life cycle.



MATERIALS AND METHODS

Seeds of seven accessions of lentil (ILL
5845, ILL 6451, 1ILL 6788, ILL 6793, ILL
6796, ILL 6439, ILL 6778) were obtained
from ICARDA (International Centre for
Agricultural Rescarch in Dry Arcas),
Aleppo, Syria and two accessions (Local
Masoor and Masoor 18-10) were oblaincd
from NIAB (Nuclear Institute for Agricul-
ture and Biology), Faisalabad, Pakistan.
Germination experiment: Seed samples of
nine cultivars/lines of lentil were surface
sterilized in 5% solution of sodium
hypochlorite for five minutes before experi-
mentation. Plastic Petri dishes with internal
diameter of 6 cm were used. The drought
treatments used were dilferent concentra-
tions of polyethylene glycol (mol. wt. 8000)
i.e. control, -0.4 MPa and -0.8 MPa, in full
strength nutricnt  solution (Rorison, in
Hewitt, 1966). Germination experiment was
conducted in a growth room at 32 £ 6°C
with 12 hours day length and relative hu-
midity of 66-84%.

Plastic Petri dishes were arranged in a
randomised complete block design with
three blocks. Each block contained three
trcatments and nine acccssions for each
drought treatment. Ten surface sterilized
seeds of each accession were placed on filter
papcr in each Petri dish. Five ml of appro-
priate trcatment solution was applied daily
to each Petri dish alter rinsing out the previ-
ous solution,

Number of sceds germinated were
counted daily and data were recorded for 15
days. A seed was considered germinated
when both plumule and radicle had emerged
> 0.5 cm, Data wcre arscine transformed
for the statistical analysis. Rate of germina-
tion was determined on the basis of days to
50% germination, calculated [rom the un-
transformed data.
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Growth experiment: Ordinary river sand was
washed thoroughly first with tap water, then
with distilled water and finally with full
strength nutrient  solution (Rorison in
Hewitt, 1966). Pots of 18 c¢m size were filled
with 3.5 kg oven-dried sandy loam soil.

Four, 6 day-old sccdlings of compara-
ble size of each accession were transplanted
equidistant from each other into each plastic
pot. A known weight of fine gravel was
placed on the soil surface of each pot to
minimise evaporation. The experiment had
four blocks in a randomised complete block
design. Each block contained accessions and
three drought treatments. The experiment
was conducted in a wire nelting house dur-
ing the winter 1989-90.

The pots were irrigated every week
with half strength nutrient solution (Rorison
in Hewitt, 1966) for 21 days. The watering
treatments were begun 21 days after the
start of the experiment and the drying
treatments continued for further 35 days.

The watering trcatments were as fol-
lows:
To

Waltering each day to field capac-
ity throughout the expcriment.
Plants were subjected to drought
three times until willing occurred
and rewatercd to field capacity.
(One cycle of drought is onc time
wilting and rewalcring).

Plants were subjected Lo drought
six times (as in T)).

The treatment T, was begun when
three cycles of T, had been completed.
Plants were considered willed when 2-3
leaves of a plant were wilted. After the
drought plants had begun willing, these
plants and the corresponding control plants
were rchydrated by watering the soil to ficld
capacity. After the complction of drought
cycle,measurements for the following physi-
ological parameters were made. Plant

T,

T,
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samples werc taken at 9.00 hours in the
morning,

Soluble proteins: Total soluble proteins
werc determined as described by Lowry et
al. (1951).

Total free amino acids: One ml of each
sample extract for the soluble proteins was
taken in culture tube and 1 ml of 10%
pyridine and 1 ml of 2% ninhydrin solution
were added into cach tube. The optical den-
sitics of these coloured solutions were read
at 570 nm using spectrophotometer
(Hitachi, U2000) and {ree amino acids were
calculated following Hamilton and Van
Slyke (1943).
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analysis of variance and Least Significant
Diffcrence (LSD) was calculated following
Snedecor and Cochran (1974) for comparing
trcatment means.

RESULTS AND DISCUSSION

Data regarding germination percentage
and rate of germination (days to 50% ger-
mination) are presented in Table 1. Data for
germination percentage (Table 2) showed
that lower osmotic polential values of the
culture solution containing polycthylene gly-
col (PEG 8000) had non-significant cffcct on
total germination percentage, whereas ac-

Table 2.  Analysis of variance summaries (mean squares) of days to 50% germination (rate
of germination) and germination percentage of nine accessions of lentil grown in
control and in different treatments of polyethylene glycol 8000 in full strength
Rorison nutrient solution

Source of Degree of Rate of Germination

variance freedom germination percentage

Blocks 2 4.4NS 41.9NS

Accessions (Acc.) 8 T.19*** 204.7%**

Treatments (T) 2 14.16*** 432NS

Ace.XxT 16 4.35%* 126.1***

Residual 52 0.47 24.6

*#* = Significant at 0.001 level.
NS = Non-significant.

Total soluble sugars: Total soluble sugars
were extracted and determined as described
by Smith (1981). One ml of the extract was
taken and 10 ml of anthronc solution was
added to it. The test tube was shaken and
heated in boiling water for 12 minules,
cooled and absorbance was read at 625 nm
in a spectrophotometer (Hitachi, U2000).

Statistical analysis of data: The results of
all the paramcters were subjected to an

cessions differed significantly in total germi-
nation percentage and the interaction acces-
sion X treatment was also highly significant.
The large difference between accessions was
due to the diffcrence in germination per-
centage at controls.

Increasing polyethylene glycol concen-
tration in the growth medium significantly
reduced the rate of germination in all the
accessions (Tables 1 & 2). At -0.4 MPa of
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polyethylene glycol ILL 5845, ILL 6451, ILL
6796 and ILL 6778 had lower rate of germi-
nation (greater number of days to 50% ger-
mination) than the other accessions,
whereas at -0.8 MPa, ILL 6439, Local Ma-
soor and Masoor 18-10 had significantly
higher speed of germination than that of
other accessions.

The results from the germination ex-
periment clearly show that even with small
number of accessions examined, variation in
speed of germination in response to drought
exists, although t(otal germination per-
centage in all accessions was not significantly
alfected by simulated drought conditions.
Some accessions such as ILL 6439, Local
Masoor and Masoor 18-10 had considcrably
higher speed of germination compared with
the other accessions of lentil.

Analysis of variance of the data (rom
mean leaf soluble proteins (Table 3) showed
that there was no significant effect of re-
peated cycles of drought on any accessions.
Mean free amino acids (Table 3) showed
that increasing drought intensity increased
free amino acids in ILL 5845, and ILL 6439
and decreased in ILL 6793 and Local Ma-
soor whereas free amino acids concentration
in the remaining accessions remained almost
unchangced at dilferent drought cycles.

There was no significant cffect of
drought on soluble carbohydrates but the
response of accessions Lo increasing drought
cycle was significantly differcnt (Table 3). At
the first drought treatment, Local Masoor
and Masoor 18-10 had significantly higher
soluble carbohydrates than the other acces-
sions, wherecas at 6 drought cycles accessions
did not dilfer significantly.

There are, however, few rclationships
between accessions performance measured
at different growth stages, and using these
dilferent parameters. Thus the measure of
drought resistance oblained at dillerent
growth stages varies, as previously reported
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for different crops in relation to salinity tol-
erance (Kingsbury and Epstein, 1984; Ashraf
and McNeilly, 1988). This is well illustrated
by the data for Local Masoor and Masoor
18-10. In germination experiment, they had
higher rate of germination, but were lowest
in biomass production of all the accessions.
By contrast, ILL 6439 and ILL 6451 were
the highest in biomass production but ILL
6451 had lowest speed of germination of all
accessions.

Analysis of leaf soluble proteins, solu-
ble carbohydrates and free amino acids
show that only lcaf frce amino acids were
increased signiflicantly in two drought tol-
erant accessions, ILL 6439 and ILL 6451.
The increase in the free amino acids as a re-
sult of increased drying cycles might have
contributed to lower the osmotic potential of
the tolerant accessions, since it is crucial for
a plant to reduce the cell osmoltic potential
to a level to provide high turgor potential for
maintaining growth (Hsiao, 1973).

The detection of variation in response
to drought stress in very small sample of
lentil accessions examined here suggests that
advancement of drought tolerance through
selection and breeding methods is possible.
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