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Introduction

Water and nutrient availability are
the main limitations to plant growth and
biomass production in arid areas. These
resources may be limiting concurrently or
consecutively over the growing period and/
or the complete life of the plants. The
nutrients used by plant species for growth
and biomass production generally come
from the internal cycling of the reserve
materials, which require water for their
solubilization and translocation (Sanchez
et al., 1991). Reduced water supply may
influence partitioning of carbohydrates to
root and reduced partitioning to shoot
growth. Therefore, irrigation is a basic need
for sustaining high productivity in arid
and semi-arid regions to meet the rising
demands of food, fodder, fuel and fiber for
the steadily growing human and livestock
population.

Irrigated plantations are raised in the
Indira Gandhi Canal command area of
Thar desert with the primary aim being to
prevent siltation of the canal from the wind
blown soil particles and increase the socio-
economic status of the inhabitant.
Dalbergia sissoo Roxb. ex. DC. Prodr. is
one of the important multipurpose tree
species planted in this area under
irrigation for its valuable timber and

fuelwood. However, the tendency to over
water, faulty method of irrigation and
seepage from the canal has resulted in
rise of ground water table (Mathur, 1990)
causing problem of water logging and
salinity at several places. Further, frequent
and excess watering leads to surface
spreading of the root systems resulting in
mortality of plantations when irrigation is
ceased after 5 to 8 years (Gupta et al.,
1995). Therefore, to attain maximum
productivity without deterioration of the
natural resources, the irrigated plantation
need to be raised using scientific principles
and adopting an optimum level of
irrigation.

Present study was carried out to
determine the effect of varying level of
irrigation on root, shoot and leaf growth of
Dalbergia sissoo with the aim to find out
(i) the level of soil water availability at
which the growth and root development of
D. sissoo would be best, and (ii) critical
level of soil water availability for growth
and survival of the seedlings.

Material and Methods

Study site : The experiment was carried
out at the experimental farm of Arid Forest
Research Institute (AFRI), Jodhpur
(26o 45’ N lat., 72o 03’ E long.). Mean
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monthly minimum and maximum
temperatures were 10.0oC in winter and
41.3oC in summer, respectively. Rainfall
was 237 mm and total potential
evapotranspiration was 2109 mm (August
1998 to May 1999) showing high water
deficit. Soil filled in the iron containers
was loamy sand having pH 8.32, EC 0.52
dSm-1 and with water holding capacity of
10.67% (w/w) at -0.03 MPa. Soil water
storage in 0 - 50 cm layer varies from 82
mm at -0.03 MPa to 24 mm at -1.5 MPa.
The soil was deficient in available nitrogen
(12.56 mg kg-1), phosphorus (10.01 mg
kg-1 P

2
O

5
) and potash (106 mg kg-1 K).

Plant material and plantation : Four-
month-old single clone (candidate plus tree
no. 103) seedlings of D. sissoo from the
experimental nursery of AFRI were used.
Seedlings were planted in August 1998 in
galvanised iron containers of 45 cm
diameter and 55 cm depth. 120 kg of
loamy sand soil was filled up to 50 cm of
container (i.e., 0.08 m3) leaving 5 cm
depth for irrigation. A drainage hole of
25 mm diameter was present in the
container. Treatment in the form of
irrigation was initiated in the first week of
October 1998. At the time of treatment
initiation, seedling height and collar
diameter were 52 ± 1.8 cm and 0.4 ± 0.08
cm (mean ± SEm).

Experimental details

Experiment I : Treatment was initiated by
saturating the soil of all the containers
through addition of 82 mm of water.
Drainage of excess water was allowed till
the soil water ceased to drain down. Soil
water content was continuously monitored
gravimetrically after oven drying of soil
samples at 110oC to a constant mass.
Irrigations were based on the per cent soil

water content (w/w) at the pressures of
–0.03 MPa (10.7 %), –0.05 MPa (9.9 %),
–0.10 MPa (7.4 %), –0.50 MPa (5.6 %), –
1.00 MPa (4.3 %), and –1.50 MPa (3.2 %).
The seedlings were re-irrigated by addition
of differences in soil water content between
–0.05 to –0.10 MPa (20 mm, 3.2 litres),
–0.10 to –0.50 MPa (14 mm, 2.2 litres),
–0.50 to –1.00 MPa (10 mm, 1.6 litres),
and –1.00 to –1.50 MPa (8 mm, 1.3 litres)
when the soil water content reached 7.4,
5.6, 4.3, and 3.2 % in the W

1
, W

2
, W

3
 and

W
4
 treatments, respectively (Singh and

Singh, 2004). Total quantity of water added
was 112.0 litres in W

1
 in 35 irrigation

events, 63.8 litres in W
2
 in 29 irrigation

events, 27.2 litres in W
3
 in 17 irrigation

events and 16.9 litres in W
4
 in 13 irrigation

events in 210 days. No irrigation was done
in control (W

5
). Each treatment was taken

in eight replications (i.e., one seedling in
each container) and the experiment was
laid in Randomised Complete Block
Design. The experiment was terminated
in the first week of May 1999 (9 months
after planting) when the seedlings of W

5

treatments suffered permanent wilting
(soil water content of 4.2 mm or 0.56 % of
the soil mass).

Experiment II : A root growth potential
(RGP) test was performed to assess the
growth of roots under different irrigation
level. It is useful indicator for testing
quality of seedling to be planted on
stressful sites (Tinus, 1996). Thirty
seedlings of D. sissoo were grouped into
five treatments with six seedlings
(replicates) in each treatment in September
1998. The seedling roots were washed
gently to make them free of growing
medium. Immediately after washing, roots
were cut leaving the rootstock of 5 cm
length and transferred them to the soil in
2 kg polythene bags. Soil was saturated
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with water and subsequently the five
treatments were maintained as described
in experiment I. After 21 days all the
seedlings were uprooted and root length
and root dry weight of freshly growing
roots recorded.

Observations

Height, collar diameter, number of
leaves, leaf size, total leaf area, and number
of branches were recorded monthly. Collar
diameter of seedlings was measured 2 cm
above the soil surface. Leaf size was
measured for 20 leaves of each treatment
and replication using a Portable Leaf area
meter, CI-203 CA, CID Inc. USA. Daily
leaf expansion rate was determined using
the formula :
LAE (leaf area expansion) = (A

2
- A

1
/ t).

where :
A

1
 and A

2
 are the initial and subsequent

measured leaf area, and
t is the time interval (day) between the

treatment initiation (October 1998)
and termination (May 1999).

Root dry weight/shoot dry weight
ratio, total leaf area, leaf weight, shoot
weight, root weight, root length, root
surface area and root volume were
recorded after termination of the
experiment and uprooting of the seedlings.
Total root volume was measured by water
displacement method. Leaf, shoot (stem +
twigs) and root were dried at 80 0C in oven
to a constant weight. Relative growth rate
(unit dry weight of plant per unit time)
was calculated using following formula
(West, 1920) :
RGR = 2.303 (Log

10
 W

2
 – Log

10
 W

1
)/t

2
 – t

1

where :
W

1
 and W

2
 are the initial and subsequent

measured dry weight of the seedlings,
and

t
1
 and t

2
 are the interval of time between

October 1998 and May 1999.

Statistical analysis : To test the effect of
different irrigation levels on different
growth parameters, one-way ANOVA was
carried out. Pearson correlation was
carried out to assess the relation between
seedling growth and soil water availability.
Regression coefficients for seedlings height,
collar diameter, leaf area, number of leaves
and root volume were determined.

Results

Experiment I

Depletion in soil water content : Soil water
content (SWC) in W

5
 treatment reached

1.73% (-1.5 MPa) in February 1999 from
9.88% in October 1998. SWC was 1.23%
(-1.96 MPa) in March and 0.56% (-2.02
MPa) in May 1999 (Fig. 1) resulting in
drying of leaf and seedling mortality,
respectively.

Root growth : Mean primary and secondary
root length, root volume and root biomass
were highest (P<0.001) in W

1
 (Table 1).

Primary root was 6% shorter whereas the
secondary root length, root volume and
root biomass were 18%, 40%, and 26%
lesser in W

2
 than in W

1
 treatment,

respectively. Reductions in these variables
were 41%, 90%, 85% and 82% in the
seedling of W

5
 (at the water stress level of

-2.02 MPa).

Seedling height and collar diameter :
Height and collar diameter decreased in
the seedlings from W

1
 to W

5
 treatments

(Table 2). The decline in height and collar
diameter was not significant (P>0.05) in
W

2
 whereas these growth variables were

21% and 22% less in the seedlings of W
3
 as
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Soil water depletion and its relationship with
leaf dynamics in D. sissoo seedlings under

W
5
 treatment (from 82.0 mm to 4.2 mm per

50 cm soil depth).

Fig. 1 of W
5
 (Fig. 1). The periodical growth in

height and collar diameter showed two-
inflection point one between W

2
 and W

3

and the other between W
4
 and W

5

treatment (Fig. 2).

Leaf growth and phenology : Rate of leaf
area expansion (LAE) was highest (15 x
10-4 m2 day-1) in the seedlings of W

1

(Table 2) and indicated a decrease in LAE
by 60% for the seedlings of W

3
 treatment.

Rate of LAE was 93% lower in W
5
 that

resulted in a decrease in leaf size by 27%.
Emergence of new leaves initiated in
January 1999 and was greater in seedlings
of W

1
 and W

2
 as compared to those in the

other treatments. Addition of new leaves
and increase in leaf area continued till the
end of the experiment (i.e., May 1999) in
the seedlings of all the treatments except
in W

5
. In the seedling of W

5
, drying and

abscission in the leaf started after March
resulting in decrease in leaf number and
total leaf area (Fig. 2c, 2d). Increase in
leaf area up to March 1999 was <50% in
W

1
 and W

2
, >75% in W

3
 and W

4 
and about

compared to the seedlings in W
1
.

Further increasing water stress caused
reduction in height and collar diameter.
The seedling in W

5
 treatment indicated

38%, 50% and 67% reduction in height,
collar diameter and number of branches
respectively as compared to the seedlings
in W

1
. Height and collar diameter growth

was recorded up to the soil water content
of 1.23% (i.e., –1.96 MPa) in the seedling

Table 1

Influence of soil water stress on root growth and biomass of

nine months old Dalbergia sissoo seedlings.

Parameter W
1

W
2

W
3

W
4

W
5

P value

Primary root length (cm) 96.0 90.7 67.7 66.0 57.4 0.001

(6.2) (5.7) (6.6) (5.9) (5.8)

Secondary root length (cm) 38.3 30.5 22.1 19.4 13.0 0.001
(3.0) (2.2) (1.1) (1.5) (0.4)

Root volume (cm3) 67.4 40.1 20.3 18.6 10.2 0.000
(4.3) (2.3) (1.6) (1.5) (0.6)

Root biomass (g) 26.9 19.9 11.3 10.6 4.7 0.001
(1.3) (0.5) (0.5) (0.8) (0.3)

The values are means of eight replicates with standard error in the parentheses.

W
1, 

W
2
, W

3
, and W

4 
are 20, 14, 10 and 8 mm irrigation levels and W

5
 is control (from 82.0 to 4.2 mm).
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Fig. 2

Response of water stress on periodical growth parameters of D. sissoo seedling
(a) height,  (b) collar diameter, (c) number of leaves and (d) total leaf area.

W
1, 

W
2
, W

3
, and W

4 
are 20, 14, 10 and 8 mm irrigation levels and W

5
 is control

(from 82.0 to 4.2 mm).

100% in W
5
 as compared to the total leaf

area in May 1999 in the respective
treatments. Among the treatments, soil
water deficit caused a decrease in leaf

number and total leaf area by 54% and
58% for W

3
 and 89% and 91% for W

5
,

respectively than in the seedling of W
1

treatment.



234 Indian Forester [February,

Table 2

Growth and growth component of nine months old seedlings of D. sissoo affected by different

levels of soil water availability.

Growth variables W
1

W
2

W
3

W
4

W
5

P value

Height (cm) 97 90 77 71 60 0.001
(1.9) (2.1) (1.5) (2.1) (1.9)

Collar diameter (cm) 0.96 0.91 0.74 0.70 0.48 0.001
(0.01) (0.01) (0.01) (0.03) (0.02)

Number of branches 15 11 11 10 5 0.001
(1.2) (0.7) (0.9) (0.7) (1.0)

Leaf area expansion 15.0 13.0 6.0 4.3 1.1 0.001
(x 10-4 m2 day-1) (0.14) (0.19) (0.18) (0.30) (0.11)

Leaf size (cm2) 4.1 4.1 3.6 3.4 3.0 0.001
(0.16) (0.23) (0.20) (0.16) (0.45)

Number of leaves 704 640 327 268 80 0.001
(12.4) (16.7) (15.1) (13.8) (5.1)

Total leaf area (cm2) 3140 2857 1322 775 272 0.001
(34.5) (41.3) (41.3) (70.3) (21.5)

Relative growth rate 18 17 13 11  8 0 .001
(g g-1 day-1 x 10-3) (0.2) (0.3)  (0.2)  (0.6) (0.4)

R mass /shoot mass ratio 0.68 0.58 0.80 1.02 1.18 0.001
(0.03) (0.02) (0.02) (0.07) (0.08)

Leaf area/Root dry weight ratio 118.8 144.0 117.9 92.8 57.3 0.001
(6.6) (2.9) (2.6) (3.8) (3.0)

Values are means of eight replicates with standard error in the parentheses.

W
1, 

W
2
, W

3
, and W

4 
are 20, 14, 10 and 8 mm irrigation levels and W

5
 is control (from 82.0 to 4.2 mm).

Growth component : Relative growth rate
(RGR) was 0.018 g g-1 day-1 in W

1
. RGR

decreased to 0.013 g g -1 day -1 (28%
reduction) in W

3
 and 0.008 g g-1 day-1 (56%

reduction) in W
5
 seedlings. Root biomass/

shoot biomass (R/S) ratio was lowest for
the seedlings of W

2 
and increased from W

3

to W
5
 treatments (Table 2). Seedlings of

W
1
 treatment had higher R/S ratio than in

the W
2
 treatment. Ratio of leaf area to

root dry weight (LA/RDW) was highest in
W

2
 seedlings and decreased with water

stress (60% reduction in W
5
 than in W

2

seedlings).

Experiment II

Root growth potential (RGP) was
highest (P<0.001) than the stressed
seedlings of for the seedlings of W

1

treatment and decreased with decreasing
the irrigation levels (Table 3). RGP of
seedlings in W

2
 dropped by 27% in term of

root length and 43% in term of root dry
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weight as compared with the seedling of
W

1
 treatment. Further increase in soil

water stress to W
3
 resulted in 60% decline

in root length and 63% decline in root dry
weight. The decline in RGP continued in
the seedlings of W

4
 and W

5
 treatments.

Discussion

Dalbergia sissoo seedlings indicated
significant changes in root and shoot
growth and leaf area accretion under
varying levels of soil water regime. Larger
(P<0.001) root and seedling dry matter in
W

1
 as compared to those in the other

treatments was due to rapid growth of
roots for utilization of available soil water
(Table 1). RGP test also suggested larger
root and greater root dry weight in the
seedlings of W

1
 (Table 3). A respective

reduction in root length and root dry
weight by 60% and 63% in W

3
 and 87%

and 95% in W
5
 seedlings in RGP test might

be due to loss in turgidity and vigour in
the seedlings. Similar observations have
been recorded in the studies of Tinus (1996)
and Landis and Skakel (1988) in which
non-stressed seedlings showed maximum
RGP and indicated a reduction in RGP
with soil water stress. Relatively greater
reduction in the secondary root length (by
42% and 66% in W

3
 and W

4
) as compared

to the primary root length (30% and 41%

in the respective treatments) suggested
that the adverse effect of soil water stress
was greater on development of secondary
roots than on the primary roots. This
affected water and mineral absorption and
regulated leaf initiation, expansion, and
other development processes as observed
by Fort et al. (1998). It therefore suggests
that the rate with which new roots absorb
water and minerals varies with root length
and total root biomass. Our results are
consistent with the result of Smit and
Driessche (1992) where similar water
stress response was reported for the
seedlings of Pseudotsuga menziesii.

Greater height and collar diameter in
the seedlings of W

1
 and W

2
 was due to

maintenance of cell turgor maintaining
greater total growth and biomass under
sufficient soil water availability. Similar
(P>0.05) height in the seedlings of W

1
 and

W
2
 treatments suggested that mild soil

water stress did not affected height growth
of D. sissoo seedlings. Tinus (1996) reported
that drought stress at the assumed turgor
loss point reduced RGP by half but did not
reduce survival or height growth. High
rate of LAE in the W

1
 seedlings is indicative

of the greater leaf size and leaf area
(Table 2). Higher soil water availability
resulted in increase in leaf area and
numbers of leaf and ultimately height and

Table 3

Influence of soil water stress on root growth potential of D. sissoo seedlings.

Parameter W
1

W
2

W
3

W
4

W
5

P value

Root length (cm) 15 11 6 4 2 0.05
(0.09) (0.93) (0.05) (0.04) (0.09)

Root dry weight (g) 0.65 0.37 0.23 0.11 0.03 0.05
(0.07) (0.02) (0.02) (0.01) (0.003)

Values are mean of six replicated with standard error in the parentheses.

W
1, 

W
2
, W

3
, and W

4 
are 20, 14, 10 and 8 mm irrigation levels and W

5
 is control (from 82.0 to 4.2 mm).
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collar diameter. Higher leaf area might
have converted more solar energy to
produce more photosynthates and thus
greater growth and biomass production in
poplar (Souch and Stephens, 1998)

Significantly (P<0.001) low number
of leaves (a reduction by 54%) and leaf
area (by 58%) in the seedlings of W

3
 as

compared to those in the W
1
 treatment

was due to increased severity in soil water
deficit that affected leaf biomass.
Therefore, reduced rate of leaf production
and expansion in the seedlings of W

3
, W

4

and W
5
 caused a decline in the leaf biomass

and seedling growth. Roden et al. (1990)
recorded similar observations on number
of leaves, leaf size, total leaf area and leaf
biomass under water deficit indicating
sensitivity of LAE to water stress. A
decrease in total leaf area with continuous
depletion of soil water in the seedlings of
W

5
 treatment was due to low rate of LAE.

It was consistent to the observations on
leaf production and enlargement in
Eucalyptus globulus (Metcalfe et al., 1990)
and poplar seedlings (Souch and Stephens,
1998). Leaf area expansion up to >75% in
W

3
 and W

4
 and 100% in W

5
 (Figure 2c) by

March 1999 as compared to the leaf area
in May 1999 is indicative of adaptation to
the xeric environment. It was probably to
increase carbon stock during the spring
season (Goulden, 1996) or before the
growing conditions become more adverse.
Though the total leaf area reduced
significantly with water stress and the
reduction was highest for the severely
stressed seedlings of W

5
 treatment (91%

reduction) indicating that the effect of soil
water stress was greater on leaf growth
than the growth of other parts of the
seedling. Reduction in growth rate at sever
water stress has also been reported by
Paulilo et al. (1998) for Quercus grandiflora

and Alvarenga et al. (1994) for Eucalyptus

grandis.

Low root to shoot dry mass (R/S) ratio
in W

2
 as compared to W

1
 seedlings was

due to less accumulation of photosynthates
in the root of the seedling of W

2
 and was a

useful utilization and balancing of carbon
allocation in D. sissoo seedlings. Increase
in R/S ratio with water stress was
believed to be due to reduced shoot
growth, particularly leaf, which was
probably more sensitive to water stress
than the root. This is supported by a
reduction in above ground biomass by
66% to 90% in the seedlings of W

3
 to

W
5
 treatment as compared to only 26% to

82% reduction root biomass indicating
greater partitioning of photosynthates
towards root as compared to shoot at soil
water stress.

Conclusion and Recommendations

Low level of irrigation reduced root
and shoot growth in D. sissoo seedlings and
leaf was the most affected part. Seedlings
exhibited early leaf area development under
soil water deficit to increase carbon
assimilation. Reduction in growth variables
was greater between W

2
 and W

3 
level and

again for the seedlings of W
5
 treatment.

Soil water content of 1.73% (-1.96 MPa)
and 0.56% (i.e., -2.02 MPa) resulted in
drying of leaf and death of the seedlings,
respectively and were critical points of
seedling survival. Growth of W

2
 seedlings

was equally good as in W
1
 for which carbon

allocation in shoot was high. Below W
2
 (i.e.,

W
3
 to W

5
) growth reduction was

significantly greater indicating that W
2

level of irrigation is the critical limit for
growth. Conclusively, D. sissoo showed
moderate tolerance to water stress and
required >50% of soil field capacity for
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better growth. The tolerance limit of soil
water potential for survival was –1.96 MPa
below which, D. sissoo could not survive.
Thus, irrigation above 50% of soil filed

capacity will be the optimum for best growth
and biomass productivity. Irrigation below
50% of soil filed capacity will only conserve
the seedlings for survival.

Acknowledgements

Authors are thankful to the Director, AFRI for providing necessary facilities. Thanks
are also due to Late Dr. G.N. Gupta Scientist ‘G’ for constructive criticism and fruitful
suggestions and Dr. U.K. Tomar, Scientist ‘E’, Division of Forest Genetics and Tree
Breeding, AFRI for providing the clonal material.

SUMMARY

Leaf, shoot, root growth and root growth potential of Dalbergia sissoo Roxb. ex. DC. Prodr
seedlings were studied at irrigation levels of 20 (W

1
), 14 (W

2
), 10 (W

3
), and 8 (W

4
) mm with a view

to determine the optimum level of irrigation for better growth and development. Treatments

were maintained by re-irrigation when water content of the soil reached 7.4 % in W
1
, 5.6 % in

W
2
, 4.3 % in W

3
, and 3.2 % in W

4
. Seedlings in a control (W

5
) were left without irrigation after

maintaining the soil field capacity (10.7 %). Height, collar diameter, number of branches, leaves

and root growth potential decreased (P<0.01) with soil water stress. The differences in height

and collar diameter between W
1
 and W

2
 treatments were not significant but the seedlings of W

3

had less height, collar diameter, number of branches, leaves, root growth potential and root

dry weight. The stressed seedlings tended to maximize leaf area before the environmental

condition become more adverse. Leaf area/root dry weight ratio was high whereas root/ shoot

dry mass ratio was low for the seedlings under W
2
 treatment. With increasing stress from W

2

to W
3
, growth reduction was high and may be the critical point. Seedlings of W

5
 treatment

survived till ΨΨΨΨΨs of –1.96 MPa. Thus W
2 

treatment was the best where seedlings showed high

above ground/root dry weight ratio and was maintained by addition of half quantity of water

than that in W
1
. The results indicate that D. sissoo seedlings is moderately tolerant to water

stress and had high growth when soil water status was >50% of soil field capacity.

'kq"d i;kZoj.k esa MycfxZ;k flLlq ikS/kksa dh c<+okj vkSj tM+o`f) {kerk
ij e`nk ty dh deh ls iM+rk izHkko

foykl flag o thŒ flag
lkjka'k

MycfxZ;k flLlq jkDlŒ fu"ks/k MhdSŒ izksMjŒ ikS/kksa dh ifÙk;ksa] izjksgksa tM+ksa dh c<+okj vkSj tMsa c<+us
dh laHkkoukvksa dk v/;;u 20 (W

1
), 14 (W

2
)] 10 (W

3
) vkSj 8 (W

4
) feeh flapkbZ Lrjksa ij mudh Js"Brj

c<+okj vkSj fodkl ds fy, flapkbZ dk b"Vre Lrj fofuf'pr djus dh n`f"V ls fd;k x;kA tc e`nk dk
ty Lrj W

1
 esa 7-4% ij] W

2
 esa 5-6% Lrj ij] W

3
 esa 4-3% Lrj ij vkSj W

4
 esa 3-2% Lrj ij igqap

x;k rks iqu% flpkabZ djds mipkjksa dks okafNr Lrjksa ij j[kk x;kA fu;ked (W
5
) ds ikS/kksa dks e`nk dh {ks=

/kkfjrk ¼10-7%½ cuk, j[kus ds ckn fcuk flapkbZ fd, NksM+ fn;k x;kA tc e`nk esa ty dh deh gks xbZ
¼P<0.01½ rks ikS/kksa dh ÅapkbZ] ewylaf/k ij O;kl] 'kk[kkvksa] ifÙk;ksa dh la[;k vkSj tMs+a c<+us dh laHkkouk,
?kV xbZA W

1
 vkSj W

2
 mipkjksa esa iks/kksa dh ÅapkbZ vkSj ewylaf/k ij O;kl esa dksbZ [kkl vUrj ugha Fkk ijUrq

W
3
 mipkj okys ikS/kksa dh ÅapkbZ] ewylaf/k ij O;kl] 'kk[kkvksa] ifÙk;ksa dh la[;k] tM+ksa dh c<+us dh laHkkouk,a

vkSj tM+ksa dk 'kq"d Hkkj de gks x, FksA deh ls izHkkfor gq, ikS/kksa us i;kZoj.k n'kk,a vkSj T;knk izfrdwy
cu tkus ls iwoZ viuk i.kZ{ks= vf/kdre cukus dh izo`fr fn[kkbZ FkhA i.kZ{ks=@tM+ksa ds 'kq"d Hkkj dk vuqikr
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vf/kd ;k mPp Fkk fdUrq tM+ksa@izjksgksa ds 'kq"diaqt dk vuqikr W
2
 mipkj okys ikS/kksa esa de ;k fuEu FkkA

deh dk ncko W
2
 ls c<+dj W

3
 dk gks tkus ij] c<+okj eas deh T;knk gks xbZ vkSj gks ldrk gS ØkfUrd

fcUnq dh gks xbZ gksA W
5
 mipkj ds ikS/ks &1-96 MPaΨs rd thfor cps jgsA vr% W

2
 mipkj lcls vPNk

jgrk ik;k x;k ftlds ikS/ks Hkwfe ls Åij@tM+ksa ds 'kq"d Hkkj vuqikr esa Åaps jgs vkSj ftUgsa W
1
 mipkj

dh rqyuk esa ty dh vk/kh ek=k vfrfjDr nsus ij gh Bhd&Bkd cuk, j[kk tk ldkA ;s ifj.kke ladsr
nsrs gSa fd MŒ flLlq ds ikS/ks ty dh deh ls iM+rs ncko ds izfr e/;e lfg".kq gksrs gSa vkSj mudh vPNh
c<+okj rHkh gksrh gS tc ty dh fLFkfr e`nk dh {ks= {kerk ls >50% gksrh gSA
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