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Abstract

Water relations of four guar genotypes viz., S-807, Esser, Brooks and S-1183 under different
water regimes at pre-flowering, post-flowering and terminal drought were studied in cemented
tanks under natural conditions. Water deficit reduced yield relative water content (RWC), leaf
osmotic potential (OP), leaf water potential (WP), turgor potential (TP) in all four guar genotypes
used. However, the genotypes S-807 and Esser had comparatively higher yield RWC, turgor
potential under all water stresses than Brooks and S-1183. Maximum reduction in all parameters
were recorded under terminal drought. The differences between pre- and post-flowering stresses
were non-significant in case of yield and RWC but significant in other parameters. Genotypes with
higher RWC and turgor potential had higher seed weight.

Introduction

Guar (Cyamopsis tetragonoloba (L.) Taub), an important legume crop of Pakistan is
grown over an area of about 242.6 x 10’ hectares with seed production of 220.7 x 10’
tons/year on an average yield of 909.7 kg/ha (Anon., 1993). It is a multipurpose crop and
is used as a vegetable for human consumption, forage for cattle and is also used as a green
manure crop (Hymowitz & Matlock, 1964). It improves the soil fertility through adding
nitrogen in soil as its roots have nitrogen fixing bacteria. Its seed is also a rich source of
agro-based industry to obtain galactomanin gum, which is used in food processing, paper
manufacturing, textile printing and in pharmaceutical industries (Alexander er al., 1988).
In Pakistan, field crops are mainly irrigated by canals, however, about 1/3rd of the total
cultivable land is rainfed, which is variable and unpredictable (Anon., 1992). In addition,
the crops near the tail end of the canals generally face water shortage in their life cycle.

Various forces acting on plant growth through soil, plant atmosphere continuum,
which allow the uptake and loss of water, constitute the water relations. The components
of water relations consist of water potential (WP}, osmotic potential (OP), turgor potential
(TP) and relative water content (RWC). The study of water relations of cell/tissue are
important since the: differences in water relation characteristics reflects the difference
between species and cultivars and are considered as an indicator of drought resistance or
adaptation to drought (Sobrado & Turner, 1983). Particularly, osmotic adjustment i.e.,
active lowering of osmotic potential in response to drought is regarded as mechanisin that
significantly contribute to increase drought resistance (Morgan, 1984; Blum & Sullivan; -
1986, Ludlow & Muchow, 1990). The transfer of water in the soil, plant atmosphere
continuum is commonly regarded as a catenary flow process, the rate of which is
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determined by potential gradients (driving force) and resistance. Besides, turgor has been
considered as the driving force for cell elongation and expansion of growth (Turner,
1986). However, recent research has underlined the role of other factors than just turgor
in determining the expansion growth (Termaat er al., 1985; vanVolkenburgh & Boyer,
1985). The present study was therefore conducted to investigate the physiological aspect
of water relations of guar genotypes under different water regimes.

Materials and Methods

The experiment was conducted in four cemented tanks, each tank measuring 9 m? (3
x 3 m) and 1 m in depth. Individual tank was separated by a 15 cm thick cemented wall
which acted a buffer zone on each side to prevent seepage. Prior to sowing, the soil of the
tanks were carefully levelled to ensure the even distribution of water. Soil samples from
individual tanks were collected from 0-15, 16-30 and 31-60 cm depths before sowing the
seeds and then analyzed for various physio-chemical properties (Table 1). A basic dose
of urea (70 kg N/ha) and diammonium phosphate (35 kg P,Os/ha) were broadcast and
mixed with the surface layer (0-15 cm) immediately prior to sowing.

Table 1. Soil characteristics of experimental site.

Soil profile

Characteristics 0-15cm 1630cm | 31-60cm
Depth

A. Physical
Sand% . : 45.96 46.00 46.00
Clay % 29.50 - 28.86 28.06
Silt % 24.54 25.14 25.94
Texture Sandy clay loam Sandy clay loam Sandy clay loam
Bulk Density (g cm-3) 1.40 1.40 1.40
Water Holding Capacity (%) 39.20 39.00 39.00
Field Capacity (-0.03 MPa) 28.20 28.00 28.00
Wilting Point 14.00 13.94 13.69
B. Chemical
Nitrogen (%) 0.05 : 0.05 0.05
Available P (ppm) 6.50 5.00 4.00
Exchangeable K (ppm) 160.00 155.00 155.00
Organic Matter (%) 0.74 0.71 0.54
ECe (mS cm-1) ' 0.20 0.21 0.20
pH 7.20 7.10 7.10
HCO; (meg-1) 221 2.25 2.15
Cl (megq-1) 6.20, 6.34 6.86
SO, (meq-1) 12.46 11.76 11.68
Cat+Mg (meg-1) 12.40 11.26 11.36

Na (meq-1) 10.42 10.42 10.45
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Table 2. Effect of water stress on 100 seed weight (g) and relative water contents
(RWC%) of different guar genotypes.

Treatment
Variety Control | Preflowering | Postflowering | Terminal Mean
stress stress stress
Seed weight
A B B C
S-807 3.78b 3.56b 3.48b 275a 3.39b
A " B C D
ESSER 396a 3.79a 362a 2.79a 354a
- A B C D
Brooks 3.79b 350b 3.39¢ 2.15¢ 2.88d
A B B C
S-1183 375b 3.44c 336¢ 225b 3.25¢
A B B C
Mean 3.56 3.40 3.36 2.42
RW.C.
A B "B C .
S-807 86.75a 67.86a 68.02a - 52.73b 68.84 a
A B B B
ESSER 71.64b 64.58a 63.70 ab 62.35a 65.57 ab
A B - B C
Brooks 71.69b 63.75a 62.04 ab 49.45b 61.73 ab
A B _ B C
S-1183 75.00b 65.37a 67.00 a 52.51b 64.84 ab
A B B C
Mean 76.27 65.38 65.19 54.26

Means in the same column and same row sharing the same letters did not differ significantly
according to Duncan's New Multiple RangeTest at 5% level.

Four guar genotypes viz., S-807, Esser, Brooks and S-1183 were used. The
experiments were laid out in a complete randomized block design, with irrigation regimes
in the main plots and genotypes in the .sub-plots with three replications. The pre-sowing
irrigation (75 mm) was applied. Seeds were hand drilled after the soil become into field
capacity conditions, each genotypes was allotted three rows of 0.8 m length and having
row to row distance of 0.30 m. The plants were grown up to maturity and when needed
(75 mm) irrigation water was applied. The following .stress treatments were imposed to
simulate the type of drought generally encountered in the region.

1. Control
2. Preflowering |
3. Postflowering

4. Terminal drought

Normal irrigation as recommended for guar. Irrigation
was applied after 30, 45 and 60 days of sowing using
75mm per irrigation, the quantity was measured by a
water meter. :

No irmigation up to flowering initiation.

No irrigation after flowering.

No irrigation.

The seed weight of the respective treatments were recorded to study the differences
between the treatments.
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Before maturity, but at the grand growth period normally 45 days of sowing, water
potential (estimated by pressure bomb), osmotic potential (by Micro Osmometer), turgor
potential (WP-OP=TP) and relative water content (according to Weatherley, 1950) were
determined. After harvest, 100 seed weight was also calculated . Analysis of variance was
applied to determine the significance of differences among the treatments and /or
genotypes. Differences were compared by Duncan’s Muitiple Range Test (DMRT) at 5%
probability (Steel & Torrie, 1980).

During the growth period, all cemented. tanks were protected from rain by manually
operated shelter equipped with movable sheet of transparent flexible plastic sheet. Normal
cultural practices were carried out and the tanks were hand weeded and hoed whenever
necessary.

Results

Seed yield progressively decreased due to increase of water stress in all genotypes
(Table 2). Under control condition, the genotypes had similar values except Esser, which
had significantly higher yield. Similarly, under preflowering stress, again Esser had the
higher values for 100 seed weight and lowest was in S-1183. Under postflowering stress,
Esser had the higher seed weight while genotype S-1183 was lowest. Under terminal
drought Esser and S-807 showed maximum seed weight with no significant differences
whereas, Brooks and S-1183 had minimum seéed weight, with significant differences. The
~ treatment mean indicated non-significant differences between pre- and post-flowering
stress. The highest seed weight was recorded under control condition and lowest under
terminal stress. In genotype highest values for 100 seed weight were recorded in Esser
followed by S-807, S-1183 and Brooks.

The relative water content (RWC) significantly reduced with the induction of water
stress in all the genotypes (Table 3). Under control condition, S-807 had significantly
higher RWC than in all the other genotypes. Under pre- and post-flowering stress, the
differences among all the genotypes were non-significant. Under terminal drought the
genotype Esser had the maximum RWC (62.35%), followed by S-807 (52.73%), S-1183
(52.51%) and Brooks (49.45%). However, the differences among the genotypes were
non-significant, except that of Esser. The overall treatment mean showed significant
differences, but the differences between pre-and post-flowering treatments were non-
significant. The varietal mean values showed maximum RWC in S-807 (68.84%),
followed by Esser (65.57%), S-1183 (64.84%) and Brooks (61.73%).

Similarly osmotic potential (OP), significantly reduced due to induction of different
water regimes (Table 3). Under control the genotype had similar value except Brooks
which has significantly higher values as compared to others. Under pre-and post-
flowering stresses, the genotypes generally formed two groups, S-807 and Esser with
lower OP and Brooks and S-1183 with higher OP whereas under terminal stress the
differences among the genotypes were non-significant. The treatment mean showed
reduction in OP due to the application of water stresses. Significant differences were
recorded in all the treatments, but the differences between control and pre-flowering
stress were non-significant. Genotypic mean again formed two groups, S-807 and Esser
with lower OP values, Brooks and S-1183 with ‘higher values.
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Table 3. Effect of water stress on leaf Osmotic Potential (-Mpa), Water Potential
(-Mpa) and Turgor Potential (Mpa) in different guar genotypes.

Treatment
Variety Control  Preflowering Postflowering . Terminal Mean
stress ‘stress stress
Osmotic Potential (-Mpa)
C C B A
S-807 2.56a 2.45a 3.60a 3.90a 3.12a
C C B A
ESSER 2.62a 251a 377a 401 a 323a
C C B A
Brooks 2.37b 2.18b 3.23b 38la 2.89b
C C B A
S-1183 2.65a 223b 3.16b 3.74b 2.94b
C C B A '
Mean 2.55 2.34 3.44 3.87
Water Potential (-Mpa)
C C B A
S-807 1.65a 1.73 a 295a 342 ab 2.44 a
D C B A :
ESSER 1.68a 1.81a 3.04a 351a 251a
C C B A
Brooks 1.48b 1.49b 2.66b 3.39ab 2.25b
C C B A
S-1183 1.67 a 1.57b 2.62b 3.38 ab 2310
C C B A
Mean 1.62 1.65 2.82 3.42
Turgor Potential (Mpa)
A B C D
S-807 0.91 be 0.72a 0.65b 048a 0.69a
A B B C
ESSER 0.94b 0.70 ab 0.73a 0.50a 0.72a
A B C D
Brooks 0.89 cb 0.69 ab 0.57¢ 0420 0.64b
A B - C D
S-1183 098 a 0.66 cb 0.54 ¢ 0.36¢ 0.63b
A B C D
Mean 0.93 0.69 0.62 0.44

Means in the same column and same row sharing the same letters did not differ significantly
according to Duncan's New Multiple Range Test at 5% level.

Water stress significantly reduced the water potential in all the genotypes (Table 3).
Esser showed significantly higher values as compared to others. Under pre- and post-
flowering the genotypes S-8-7 showed lower WP whereas Brooks and S-1183 with higher
WP. Under terminal drought the lowest WP was recorded in Esser (-3.51 Mpa) followed
by S-807 (-3.42 Mpa), Brooks (-3.39 Mpa) and S-1183 (-3.38 Mpa), the differences
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among S-807, Brooks and S-1183 were non-significant. The treatment means showed
significant differences. The genotype means again constituted two groups as observed
under pre- and post-flowering water stress conditions.

Like RWC, OP and WP, the turgor potential (TP) also significantly decreased due
to the induction of water stress (Table 3). Plants grown under controlled condition
showed significant differences among the genotypes. However, S-807 and Brooks had
non-significant differences. Under pre-flowering stress the genotypes Esser and Brooks
had similar values, but the maximum TP was observed in S-807 and minimum in S-1183.
Under post-flowering conditions, the highest TP was recorded in Esser (0.73 Mpa)
followed by S-807 (0.65 Mpa), Brooks (0.57 Mpa) and S-1183 (0.54 Mpa). Under
terminal drought the genotypes S-807 and Esser -did not differ significantly. On the other
hand, the differences between Brooks and S-1183 were significant. Overall, the treatment
means showed significant differences among the treatments. Genotypic means formed two
groups, S-807 and Esser with higher turgor potential and Brooks and S-1183 with lower

turgor potential.
Discussion

The importance of plant water status for the maintenance of turgidity which is
required for plant growth and its survival has been widely recognised. Sanchez-Diaz &
Kramer (1971) and Levitt (1972) have shown that drought resistant plants have smaller
water deficit per unit decrease in leaf water potential than drought-susceptible plants.
Kirkham et al., (1980); Clark & McCraig (1982), Schonfeld ef al., (1988) and Ashraf &
Khan (1990) evaluated the excised leaf water retention capabilities of wheat cultivars and
found that genotypes with higher RWC were more drought resistant. In the present study,
the RWC reduction in all the genotypes was recorded under water stress whereas, S-807
and Esser showed lower reduction in RWC at all water stress treatments (Table 3). The
highest reduction was at terminal drought followed by postflowering and preflowering
droughts. The difference between pre- and postflowering droughts was not significant.
The genotypes, S-807 and Esser showed less reduction in yield under different water
stress treatments. Such similar pattern for RWC has been observed on soybean (Carter &
Patterson, 1985), barley, (Martin et al., 1989) and groundnut (Joshi ef al., 1988). Flower
& Ludlow (1986) reported that leaf survival which is essential for assimilation is
determined by RWC, rather than by leaf water potential. RWC could be used as an
indicator of drought resistance is supported by the present study and also by the authors
quoted above. '

Ludlow & Muchow (1990) based on the work of Flower & Ludlow (1986); Sinclair
& Ludlow (1986) viewed low lethal water status as a mechanism for survival rather than
having effect on yield components. However, indirectly it does contribute to dehydration
tolerance and to leaf survival thus contributing to yield stability at least under intermittent
water stress. They were of the view that high desiccation tolerance would not contribute
substantially in terminal stress environments. It may be -noted that there is a subtle
difference between RWC and lethal water status. One indicates the degree of hydration
. and the other the hydration level at which the leaves of the plant die. Thus, the
conclusions drawn on the basis of one's finding cannot be applied to the other. There is
also a subtle difference in what is called terminal drought. Literally, it should mean where
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no water is added to the growth medium from planting to harvesting, but in many studies
some water was added by way of rainfall. Perhaps, this may be one of the reasons for
different results obtained by different researchers.

Some workers are of the opinion that leaf water potential estimates over the whole
stress period, provide the best information about the genotypic response rather than a
single measurement obtained at peak stress under drought condition. Although, genotypes
usually maintain their relative ranking as leaf water potential decreases with the stress
intensity in sorghum (Blum, 1974), rice (O'Toole & Moya, 1978) and wheat (Blum, 1980;
Ashraf & Khan, 1990). Variations in leaf water potential among wheat cultivars under
moisture stress have also been reported (Fischer & Sanchez, 1979; Blum et al., 1981;
Aggarwal & Sinha, 1987; Ashraf & Khan, 1990). Sullivan & Estin (1974) and Levitt
(1972) have suggested that leaf water potential may differentiate between drought
resistant and susceptible cultivars. In the present study gentoypes having lower leaf water
potential showed higher seed yield (Table 2) with similar results observed in wheat as
reported by Winter e al., (1988).

Ludlow & Muchow (1990) suggested that osmotic adjustment results from the
accumulation of solutes within cell which lowers the osmotic potential and helps to
maintain turgor of plants experiencing water stress. The mechanism of compensation is
essential for the survival of the plants as with decreasing water supply or soil potential
also decreases. Faster decrease in osmotic potential is therefore, essential to maintain the
potential difference to allow water uptake by the roots. Viewed in terms of energy
potentials, reduction in the water potential induced by changes in the environments, are
immediately off-set by reduction in the osmotic potential through an increase in the
solute contents. In the present study when leaf water potential fell in response to a
reduction in soil water, there was a parallel fall in the osmotic potential also. The pattern
was observed in all genotypes tested in the present study (Table 3). The fall in S-807 and
Esser was more clear than the others in all the treatments, which indicated their better
adaptability to water stress environment. One of the mechanisms for reduction in osmotic
potential is due to solute accumulation. In the present study, all the genotypes with lower
osmotic potential had higher solute concentrations. Genotypes S-807 and Esser had the
lowest leaf osmotic potential whereas Brooks and S-1183 the highest. These are the two
groups of genotypes showing tolerant and non-tolerant response to various plant
characteristics chiefly related to water stress tolerance.

Many important physiological and morphological processes such as leaf enlargement,
stomatal opening and associated photosynthesis are directly affected by the leaf turgor
potential. Under water stress condition, plants loose their turgor to a point restricting cell
expansion (Turner, 1986). The plants must adjust their internal osmotic potential and
sufficiently increase turgor to resume cell expansion and growth (Kramer, 1983). In
contrast Munns (1988), reported that the major mechanism of turgor maintenance in plant
growth system is osmoregulation. Here solutes accumulate, decreasing in the process the
osmotic potential. The osmotic potential of the cell decreases allowing the uptake of
water for maintaining the turgor potential of the cell. In the present study, the genotypes
with lower osmotic potential had higher turgor under stress conditions (Table 3). The
genotypes S-807 and Esser favourably maintained their turgor potential. The results of the
present study showed that maintenance of turgor in plant system plays a significant role in
the growth and seed weight of genotypes. The genotypes with higher turgor generally had
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higher seed weight (Table 2). Turner et al., (1978); Ackerson et al., (1980) and Ludlow
et al. (1985) observed that the maintenance of an optimum turgor range is very helpful for
stomatal opening which is necessary for photosynthetic activity, which ultimately increase
_the productivity of plant. Water relations could thus be used for screening drought
tolerant genotypes. Higher relative water content and turgor potential may be the
causative factor for enhancing yield of a genotype under soil water deficit conditions.
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