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Response to water stress on some seedling characters
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ABSTRACT

The present investigation dealt to determine moisture stress tolerant genotypes to overcome stress. Genotypes were raised in
laboratory using PEG 6000 and field in rainfed conditions. Out of genotypes, O1J 213 and Ol1J 299 showed superior performance
with respect to almost all the root charactersin field and laboratory experiments. It could be used as donor parents to develop
hybrids having tolerance to water stress at early stages of growth as well as for studying the inheritance pattern of stress
tolerance. OIJ 246, OIN 986 JRO 524, OEX 008, OlJ 284, and JRO 8432 were considered as susceptible on the basis of
reduction of most of the root and shoot charactersin both conditions. Tolerance index of these genotypes were also found to be
comparatively low. These genotypes might be used in hybridization programme for crop improvement.
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Jute is sown within 1% fortnight of April in West
Bengal. This period is often accompanied by
unpredictable and very low rainfall creates moisture
stressin early part of life may affect the crop severely in
extremely dry year which leads to the poor fibre yield
and quality. Timely sowing and uniform seedling
establishment of jute mostly depend on availability of
assured irrigation which the farmers cannot aways
afford. It is the second most important fibre crops after
cotton in termsof production, productivity, consumption
and availability. Itsfibreisknown asbast fibrein contrast
to seed fibre in cotton. The fibre comes from two
important species as Corchorus capsularis and
Corchorus olitorius and fibre of olitoriusis shiny and
golden in colour and adorably christened as ‘ Golden
Fibre' . Jute fibre has high tensile strength, low
extensibility and ensures better breathability of fibre,
therefore, it has proved its importance in packaging of
agricultural commodity, textiles and non-textiles
industries and construction work. Evaporation loss and
mean maximum temperature decline considerably during
the monsoon month while relative humidity increases.
Thusintheearly part of life, jute plant often exposed to
water stressintheform of atmospheric and soil drought
which may affect thejute crop severely in extremely dry
year which leads to the poor fibre yield and quality.
However, no comprehensive information is available
regarding the effect of moisture stressin jute particularly
in seedling stage, especialy, physiological related traits
like germination, root length, shoot length etc. Root
lengthisanimportant trait against drought stressin plant
varieties, deep root penetration has been referred as
primemeansof drought resistanceinfield crops (Kaydan
and Yagmur 2008). The rate of growth of jute plant up
to the age of six weeks is aways impaired by excess
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water (Wahab, 1978). The requirement of water at
different stages of growth of jute plants has not yet been
established. It has been noticed that if the jute crop can
survive the adverse initial dry spell, with the advent of
monsoon and attendant favourable weather conditions
like adequate rainfall, high relative humidity and warm
temperature condition, luxuriant growth and yield of jute
can occur (Ghoral and Mitra, 2008). Therefore, screening
for drought tolerant genotypes at early seedling stage
has made paramount importance to develop drought
tolerant lines. PEG was also found to use for creating
artificial moisture stressfor eval uating tolerant genotypes
in an early stage like cotton (Zhang et al., 2007) and
rice (Anaytullah et al., 2007), Maize (Khodarahmpour,
2011), Sorghum (Bibi et al., 2012). Keeping this view,
an alternative approach to induce water stress through
polythene glycol (PEG) solutions were used for
screening germplasm against drought stress using glass
plate method and in field under rainfed condition.

MATERIALSAND METHODS

Twenty germplasm of jute (Corchorus olitoriusL.)
including 3 exotic, 2 national released varieties, 9
indigenous and 6 accessions of International Jute
Organization (1JO) were evaluated for drought tolerant
in laboratory using PEG 6000 and field over two years
(2010 and 2011). The laboratory experiment was
arranged in factorial completely randomized design
(FCRD) design with three replications and two factors.
Two factors were genotypes and irrigation levels i.e.
control and stress. In the beginning to find out the suitable
external water potential, all the twenty genotypes were
tested inthree different ranges of external water potential
(viz, -2.0, -3.0 and -4.0 bars). These solutions were
prepared by using PEG 6000 following the method
described by Michael and Kaufmann (1973). On the
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Fig. 1: Root length (RL) of 20 genotypes of Corchorus olitoriusunder control and moisture stress.
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Fig. 2: Shoot length (SL) of 20 genotypes of Corchorusolitoriusunder control and moisture stress.
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Fig. 3: Root Fresh Weight (RFW) of 20 genotypes of Corchorusolitoriusunder control and moisture stress.
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Fig. 4: Shoot Fresh Weight (SFW) of 20 genotypes of Corchorus olitorius under control and moisture stress.
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Fig. 5: Leaf Fresh Weight (LFW) of 20 genotypes of Corchorus olitoriusunder control and moisture stress.
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Fig. 6 : Root Dry Weight (RDW) of 20 genotypes of Corchorus olitorius under control and moisture stress
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Fig. 7: Shoot Dry Weight (SDW) of 20 genotypes of Corchorusolitoriusunder control and moisture stress.
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Fig. 8: Leaf Dry Weight (L DW) of 20 genotypes of Corchorus alitorius under control and moisture stress.
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basisof growth performance of the seedlingsof different
genotypesgrownin al thethreerangesof external water
potential of PEG, a suitable range at -3.0 bar was
identified for screening the genotypes. Fifteen seeds of
each genotype were surface sterilized with 0.1% HgCl,
solution for 2 minutesfollowed by thorough washing in
distilled water. Fifteen seeds of each genotype were
arranged in arow in between glass plates (20x30 cm)
covered with blotting paper and glass slides (5x30 cm)
which weretied by rubber band. Thewhole set wasthen
placed in a transparent polythene bag. Then the seeds
were allowed to germinate in the plates in presence of
sufficient light and aeration. PEG solution was applied
to the seedlings 2 days after initiation of the experiment.
Similar control set was maintained in double distilled
water. The PEG solution and distilled water were applied
to each plates at regular interval to keep the blotting
paper moistened with PEG solution and distilled water
respectively for the treated set and the control set. The
seedlingswere allowed to grow for 8 days and datawere
recorded for the seedling charactersviz root length (cm),
shoot length (cm), root fresh weight (g), shoot fresh
weight (g), leaf fresh weight (g), root dry weight (g),
shoot dry weight (g) and leaf dry weight (g). From the
above data tolerance index (TI) was calculated as per
Garg and Singla (2004).

These genotypes were also grown in field in two
varying water regimesviz, i) fully under rainfed condition
and ii) irrigated condition. The experiment in each
environment was laid out in Randomized Block Design
withthreereplications. In each replication each genotype
was grown in a plot of 5 rows of 3 meter length
maintaining 30 cm space between the rows. The size of
each plot was 3 x 1.5 m and plot to plot distancewas 0.5
m. Sowing was done on 10" April 2010 and 13" April
2011. Recommended doses of major nutrients (N, Pand
K) were applied and normal cultural practices were
followed. Under irrigated condition the irrigation were
given in different growth stages— 1% irrigation- pre-
sowing irrigation, 2™ irrigation- after 15 days of sowing,
34irrigation- 21 daysafter 2™ irrigation and 4" irrigation-
30 days after 3 irrigation. 21 days old seedlings (10
nos.) from both the rainfed and irrigated field were
randomly selected from each replication for each
genotypes and data were recorded as per above
mentioned and tolerance index was calculated. All the
statistical analysis carried out with the help of IndoStat
software version 8.6.

RESULTSAND DISCUSSION

Analysisof variance showed significant differences
for al the seedlings characters among the genotypes and
their interactions under control and moisture stress in
laboratory conditions. This supported the differential

J. Crop and Weed, 13(3)
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behaviour of various accessions under water stress. The
expression of the mean performance of 20 germplasm
of the studied traitslikeroot length (RL) (Fig. 1), shoot
length (SL) (Fig. 2), root fresh weight (RFW) (Fig. 3),
shoot fresh weight (SFW) (Fig. 4), leaf fresh weight
(LFW) (Fig. 5), root dry weight (RDW) (Fig. 6), shoot
dry weight (SDW) (Fig. 7), leaf dry weight (LDW) (Fig.
8), toleranceindex (Fig. 9) were represented, indicating
reduction in length and weight after imposing osmotic
stressstimulated by PEG. Fifteen of the twenty genotypes
showed increased root length over control under stress
condition and maximum increase was found in O1J 213
followed by OIN 921, OIN 955, OIN 937 and OIJ 299.
The genotype OEX 008 was found to be the most
susceptible showing maximum reduction in root length
i.e.-12.53%. Shamin et al. (2009) a so reported increased
root lengthin sunflower hybridin stressinduced by PEG
andinriceby Hirai et al. (1994). Zekri (1991) in citrus,
Materechera et al. (1992) in dicots, Zaifnejad et al.
(1997) in sorghum observed decreased root length when
subjected to PEG induced stress. Shoot |ength decreased
over control in all the genotypes and the worst affected
genotypewas OIN 955 but comparativereductionin low
magnitude was observed in OIN 915 and OIN 937.
Reduction in shoot length possibly due to less water
absorption and decrease in external osmotic potential
created by PEG 6000. (Kaydan and Yagmur 2008).
Khodarahmpour (2011) also reported decreased shoot
length with increased water potential. In case of root
fresh weight, it decreased in all the genotypes except
OIJ 213. The elongation of root under water stress
condition might be dueto fact that root becomeincreased
in search of water (Bibi et al., 2012). Lowest reduction
was observed in JRO 8432 followed by OIJ 284, OIN
976 and OIJ 299. Highest reduction was observed in
OIN 941. Increased root dry weight over control was
observed in thirteen genotypes out of which OEX 019
had the highest magnitude followed by OI1J 213, OIN
941 and OIN 981. Maximum reduction was found in
OlJ 246 followed by OIN 955 and JRO 524. Dry root
weight has been utilized as a selection criterion for
drought tolerance by many plant breeders. Water uptake
by the root isacomplex parameter that depends on root
structure, root anatomy and the pattern by which different
parts of the root contribute to overall water transport.
All the genotypes suffered under water stress condition
showing reduction in fresh shoot weight and of which
lowest reduction was showed by OIN 937 followed by
OIN 915 and OEX 008. Highest reduction was observed
in OIN 941 followed by OIN 955 and OIN 981. Drought
has significantly affected fresh shoot weight in some
cultivars of wheat, maize and sunflower (Bibi et al.,
2012). Maximum increased shoot dry weight was
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observed in OIJ 257 followed by OEX 019, OEX 008
and O1J 213 and maximum reduction was found in OIN
994 whichwasfollowed by JRO 8432, O1J 246 and OEX
024. L eaf fresh weight under stress condition increased
in four genotypes and the increase was highest in JRO
8432 which was followed by OIN 937, OIN 921 and
0lJ 284 and minimum reduction was observed in OIJ
213 followed by OIN 976. Maximum reduction in this
character was evident in JRO 524 followed by O1J 246
and OEX 019. OlJ 246 had the highest increased in
magnitude of leaf dry weight over control following it
were JRO 8432, OEX 019 and OIJ 213 and maximum
reduction was observed in OIN 986.

Significant variationswere also showninfield by al
the seedling characters studied in normal and stress
environmentsfor two consecutiveyears (2010 and 2011).
All the genotypes showed increased root length over their
respective control and among them OIJ 213 waslongest
and following it were OIN 981, OEX 019 and OIN 921
while the shortest root length was noticed in OIJ 284
followed by OIJ 246 and OIN 986 (Table 1). Nine
genotypes (01J 213, OIN 981, OIJ 257, OEX 019, OIN
921, OEX 008, OIN 976, OIJ 284 and OIN 986) were
found to have increased root volume in moisture deficit
condition. OIJ 284 was the highest followed by OEX
019 and OIN 981 whereas genotypes OIN 941 and OIN
937 remained unaffected. OEX 024 followed by JRO
8432, OIN 955 and OIN 915 was the most affected
genotype. Genotype OEX 019 followed by OIJ 216 ,
OIN 981, OIN 986, OI1J 213, OIN 941, OEX 008, OlJ
257 and OIN 921 had increased root fresh weight over
their respective controls and O1J 246 had the maximum
reductioni.e. -41.96% and following it were OEX 024,
OIN 955 and OIN 915. Basak and Chaudhuri (1967)
observed increased root weight in tossa jute and
decreased root weight in white jute in stress condition.
Under stressregime, OlJ 284 wasthe highest and being
followed by OIN 937, OIN 915 and OIJ 299 while
genotypes OlJ 284 and OIN 937 had increased root dry
weight over control. OEX 024 followed by JRO 8432,
JRO 524 and OIN 955 showed the highest reduction.
Khandakar et al. (1987) also found jute accessions
having longest tap root with highest dry matter
production and al so accessions having lower root length
but with higher dry weight. Only the genotype O1J 299
(4.80%) had increased shoot length over control and OIN
986 followed by OIJ 213, OIJ 257 and OEX 019 was
found to be the most affected genotype. OEX 019 and
OIN 941 showed increased shoot fresh weight and
maximum reduction was observed in OIN 986 followed
by OIN 937, OIJ 246 and OIN 955. Highest reduced
shoot dry weight was evident in OIN 986 followed by

J. Crop and Weed, 13(3)

OIN 937, OIN 921 and OIJ 246 and lowest reduction
was noted in O1J 257 followed by OIN 981, JRO 8432
and OEX 024. In case of |eaf fresh weight, OIN 955 (-
36.71%) followed by OI1J 299, OIN 915 and OIJ 216
was the most affected and JRO 524 (-0.60%) was the
least sufferer followed by OIN 921, OIJ 213 and OIJ
284. Maximum reduced leaf dry weight was evident in
OIN 955 followed by O1J 299, OEX 019 and OIJ 216
while JRO 524 had the minimum increment i.e. 23.07
per cent and it was followed by OI1J 213, OIN 921 and
OlJ 284.

Tolerance Index used as an indicator to identify
drought tolerant genotypes that perform well in stress
environments. A high value implies higher tolerance to
drought stress regimes (Fig. 9). In case of |aboratory
condition, significantly highest valuewas noted in OEX
019 and OIN 937 which was followed by O1J213. OIJ
246 was found to have the minimum value followed by
OIN 986 and JRO 8432. Similarly, whilefield condition
OlJ 257 was highest tolerance index followed by OIJ
213, OIN 981 and least was observed in OIN 986 and
being followed by OIN 955 and OIJ 246.

From the above experimental results, most promising
stress responsive el ght genotypeswere recognized. Out
of eight, two (013213 and O1J 299) could be considered
as tolerant and other six genotypes viz. OEX 008, OIJ
284, O1J 246, OIN 986, JRO 8432 and JRO 524 could
be considered as susceptible. It can be concluded that
these genotypesmay be used in hybridization programme
for crop improvement. Genotypes OlJ 213 and O1J 299
could be used asdonor parentsto devel op hybridshaving
tolerance to water stress at early stages of growth as
well as for studying the inheritance pattern of stress
tolerance.
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