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ABSTRACT: Plant growth promoting rhizobacteria (PGPR) have been reporte.zq to i.nﬂuence.the seed
germination and subsequent seedling growth by an array of mechanisms, the speaﬁ'c traits by which P(;-PR
promote growth and yield were limited to the expression of one or more of t‘he traits expressed a.t a given
environment of plant-microbe interaction. The present investigation was carried out to study the-glﬂuence
of bacterial isolates on seed germination and seedling vigour in soybean, under cor?trol cond.mon, The
experimental material consists of two variety of Soybean viz., PRS-1 and PS-1092 which were inoculated
with 10 different isolates of PGPR namely RGB-1, RMV-1, RMV-2, RMV-3, RMV-4, RPB-1, RPB-3, RPB-4,
RPB-5 and RPV-4, obtained from the chickpea, mustard and pea rhizosphere and Pf-102 was used as standard
check along with un-inoculated control. Under laboratory conditions, out of eleven bacterial isolates, RMV-
4 exhibited greater number of germination with respect to standard germination and first count for both the
cultivars (PRS-1 and PS-1092). However, root and seedling length, fresh and dry weight as well as vigour

index were found to be better for RPB-1, while RMV-2 produced longer shoot.
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Soybean [Glycine max (L.) Merril.] being a
potential oil and protein crop for narrowing the
oil and nutrition gap, occupies an important place
in agricultural economy of India [1]. Soybean is
a member of family Papilioniacae and is
supposed to have originated in China. In order
to improve the yield and for disease suppression,
farmers resort to inorganic fertilizers and possible
pesticides, which often have hazardous effect and
also do not fit into the frame work of organic
farming. An alternative approach is to use
biological seed treatments which are known to
augment plant health through increasing the
planting value of seed, better germination rate,
increasing the uptake of inorganic phosphorous,
better seed yield and quality [2]. Some bacteria
that are associated with roots of crop plants can
exert beneficial effect on their roots and they are
often collectively referred to as Plant Growth
Promoting Rhizobacteria [3]. The term
rhizobacteria was coined for those bacteria having
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the ability to colonize roots aggressively.

Seed vigour has been recognized as one of
the important aspects of the seed quality that
provides reproducible results which are more
closely correlated with emergence in the field [4].
It is an examination of seed under specific
environmental conditions so as to provide means
of evaluating the planting value of seed in the
laboratory. Seed vigour is an inherent character
and an important attribute of seed quality
indicating the degree of aliveness. Through seed
vigour studies we can identify the level of
potentiality of bacterial isolates for soybean seed,
which may be estimated in laboratory before
planting in the field. Thus the present
investigation was carried out to study the
influence of bacterial isolates on seed germination

and seedling vigour in soybean under controlled
condition.
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MATERIALS AND METHODS |
sent investigation was carrie
:atirsfz;'inof department of Seed ,‘ﬁ('l('na’-{ﬁ
Technolﬂé}'.- College of Pjnn-stry anc'i .
Agriculture, GBPUAT, Hill Campus, Ra"}Cha”"i
Tehri Garhwal, Uttarakhand. The expenment.a
material consists of two varieties of soybean viz;
PRS-1 and PS-1092 which were inoculated with
10 different isolates of PGPR namely RGB-1,
RMV-1, RMV-2, RMV-3, RMV-4, RPB-1, RPB-3,
RPB-4, RPB-5 and RPV-4 obtained from the
chickpea, mustard and pea rhizosphere and Pf-
102 was used as standard check along with un-
inoculated control, to test their potentiality with
respect to seed vigor parameters in laboratory.
Broth culture were prepared by taking a loop of
the respective rhizobacterial isolates and
transferred to the liquid medium of 100 ml which
were incubated for 24 hrs on a rotary shaker.
When the culture in the flask showed dense
milky white growth, the broth cultures were
considered ready for seed inoculation. For seed
tfreatment, all the seeds of both soybean cultivars
PRS-1 and PS-1092, were surface sterilized with
90 per cent alcohol for 30 second, followed by
immersion in 32 per cent H,O, for one minute
followed by thorough washing in sterile distilled
water. Afterwards, the seeds were immersed in
the rhizospheric bacterial isolate broth for 4 hrs,
with continuousagitation. The entire vigor test
comprised of 100 seeds of each treatment
replicated thrice. To evaluate the standard
germination, seeds were kept in between paper
(B.P) media at 25°C in germinator and normal
seedlings were counted on the 5%and g day
respectively. To measure the root, shoot and
seedling length, 20 normal seedlings were
randomly selected on 8 day of the start of
germination test. The length of root, shoot and
seedling length (cm) were measured with the help
of measuring scale. Seedling fresh weight was
recorded in the seed germination test on 8™ day.
The normal seedlings were weighed to measure
the fresh weight while dry weight was recorded
calculéted -as : secfccjillxmg vigour i'ndcx I was
seedling length wh}?{() u'ct n.f germination and
out by multiplyj e vigor m'dex Il was worked
seedling dr P'ying germination Per cent with
' y weight [5]. In order to test the

d out in

validity of each treatment, statistical analysis Was
done following Completely Randomized Design
(CRD). The critical difference at 5 per cent leve]
of significance was calculated to compare the
mean of different treatment.

RESULTS AND DISCUSSION

Under laboratory condition, results suggested thas
seed germination and seedling vigour of soybean
were greatly affected by rhizospheric bacteria]
isolates, suggesting thereby the importance «f
PGPR in seed germination and subsequent
seedling growth for achieving appropriate plant
stand in field. Results in Table 1 depicted
significantly higher germination at first count for
RMV-4 and RMV-4 along with RPB-5 bacterial

Tablel. Influence of bacterial isolates on mean values of
first count and standard germination of soybean
(cv. PRS -1, PS - 1092)

Treatment  First count Standard
(%) germination (%)
PRS-1  PS-1092 PRS-1 PS-1092
RGB-1 72.67 66.00 92.00 89.67
RMV-1 64.00 59.00 89.00 88.00
RMV-2 56.33 51.67 82.67 79.00
RMV-3 56.66 51.67 84.00 84.00
RMV-4 80.00 74.00 94.67 92.00
RPB-1 61.67 53.33 86.00 85.67
RPB-3 51.33 49.00 86.00 87.00
RPB-4 63.67 57.33 81.67 84.33
RPB-5 72.67 64.00 92.33 92.33
RPV-4 69.33 63.33 90.00 89.67
Pf-102 70.00 56.00 86.33 86.63
Control 51.00 46.00 77.33 75.67
GM 64.11 57.61 86.83 86.14
SE(m)+ 0.82 0.77 0.89 0.99
CD at 1% 3.27 3.07 3.55 3.92
CD at 5% 241 2.26 2.61 2.89
CV (%) 2.33 2.83 1.79 1.99
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isolates. Least germination was recorded for
control. The PGPR promotes germination in
number of crops and hence might be referred to
as bio-stimulants. Similar findings have been
reported by [6], in lentil and also by [7], who
found that inoculation of chickpea (Cic;'r arietinum
L) and soybean (Glycine max L.) seed with a
siderophore producing plant growth promoting
rhizobacteria (fluorescent pseudomonads) resulted
in increased seed germination.

Bacterial isolates markedly increased the root
length in both cultivars of soybean (Table 2). The
response of RMV-1 produces highest root length
in both PRS-1 and PS-1092. The influence of
RMV-2 with respect to shoot length was exhibited
better for both cultivar and least shoot length
was measured in un-inoculated control in PRS-1
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while in PS-1092 recorded the lowest value.

Maximum seeding length was observed with
RPB-1 while significantly lowest length of
seedling was measured for inoculated control for
both the cultivars. The effect of all isolates on
seedling length was found significant. The
possible reason for induction of root, shoot and
seedling elongation might be growth response
attributed to IAA production by rhizobacteria.
Similar findings were also reported by [2, 8].
Studies by [9, 10] in lentil and by [11] in rice
seedlings, under laboratory conditions, has also
given similar results. The maximum mean fresh
weight of 20 seedlings was observed with RPB-
1 treatment in both soybean cultivars.
Significantly high dry weight of seedlings was
measured with RPB-1 for both cultivars (Table

Table 2. Influence of bacterial isolates on mean value of root, shoot and seedling length of soybean (cv. PRS -1, PS - 1092)

Seedling length (cm)

Treatment Root length (cm) Shoot length (cm)

PRS-1 PS-1092 PRS-1 PS-1092 PRS-1 PS-1092
RGB-1 18.00 20.40 15.77 17.33 33.77 3773
RMV-1 20.70 22.50 17.53 20.17 38.23 42.67
RMV-2 19.26 21.10 18.10 20.63 3737 41.73
RMV-3 18.23 20.67 15.90 18.43 34.13 39.10
RMV-4 18.73 21.40 16.13 17.43 34.87 38.83
RPB-1 20.46 25.93 16.40 18.63 39.86 44.57
RPB-3 18.23 21.20 16.10 17.90 34.33 39.10
RPB-4 18.10 20.37 16.27 18.77 34.36 39.13
RPB-5 17.83 19.93 15.66 17.93 33.50 37.87
RPV-4 18.86 20.70 16.20 18.20 34.73 38.90
P£-102 18.16 21.43 16.60 18.87 34.77 40.30
Control 15.57 16.37 15.23 18.13 30.80 34.50
GM 18.76 20.00 16.32 18.54 35.06 39.54
SE(m)+ 0.25 0.26 0.28 0.26 0.44 0.35
CD at 1% 1.01 1.04 1.11 1.03 1.74 1.38
CD at 5% 0.75 0.76 0.82 0.76 1.29 1.01

CV (%) 237 216 298 244 218 152
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3). However, statistically lowest value waé
recorded with nn-inm'nl;\t('d control, Similar
studies have been reported by [12] in barley;
Sushlow and Schroth [13] in sugarbeet and by
[14] in spring wheat (Tviticum aestionm 1.) and
Pea (Pisum spp.).

Vigor indices (germination per cent x seedling
length and germination per cent x seedling dry
weight) is an actual reflection of seedling vigor
of any seed sample or seed lot. The result of
Table 4 demonstrated markedly increased vigour
index-I and II over the un-inoculated control in
both cultivars through bacterial inoculation. The
bacterial isolate RPB-1 exhibited maximum vigour

Table 3. Influence of bacterial isolates on mean value of
fresh and dry weight of 20 seedling of soybean
(cv. PRS -1, PS - 1092)

Treatment  Fresh weight Dry weight of

index-1 in cultivar PR5-1 and PS-1092 n'%‘”""“‘ll.‘ly
however  significantly minimum  valye w;,;’
observed with control. The influence of ki
with respect to vigour index-1l was found bette,
in PRS-1 and least vigour index-I1 was COMPlite|
in un-inoculated control. For  PS-109) the
maximum vigour index-1I was recorded for RMYy.
| treatment and the least value was recorded with
un-inoculated control. The increase in vigour
index with bacterial inoculation is due to g,
mechanism of IAA production by rhizobacter;,
The results were in accordance with the finding,
of [15] in banjok; [16] in lentil, [17] in pea apd
[18] in maize.

Table 4. Influence of bacterial isolates on mean value of
vigor index of soybean (cv. PRS -1, PS - 1092)

of seedling (g) seedling (g) Treatment  Vigor index-I Vigor index-II

PRS-1  PS-1092  PRS-1 PS-1092 PRS-1  PS-1092  PRS-1 PS-1092
RGB-1 17.81 19.29 1.90  2.24 RGB-1 3106.33 3383.30  175.44 200.07
RMV-1 20.02 22,57 247  2.69 RMV-1  3402.16 3806.87 219.57 236.84
RMV-2 21.19  20.93 231 237 RMV-2  3089.00 3297.20  190.99 187.06
RMV-3 17.81  20.38 1.89 225 RMV-3  2867.13 328450 158.28 185.45
RMV-4 18.10  19.65 1.99  2.15 RMV-4 330146 357227 18877 227.81
RPB-1 23.82  23.88 287 272 RPB-1 3428.06 3819.07  246.59 233.17
RPB-3 17.21 2145 1.78 235 RPB-3 2924.26  3401.10  153.22 204.40
RPB-4 17.09 2143 1.80 233 RPB-4 2807.33  3300.13  147.32 195.86
RPB-5 16.15  19.62 1.74 213 RPB-5 3091.50 3496.53  160.14 195.32
RPV-4 17.23 2122 1.83 242 RPV-4 3125.63 3488.20  164.93 217.38
P£-102 1810 21.30 209 237 Pf-102 3001.43 3478.93  183.36 204.65
Control 14.96  15.58 152 1.65 Control ~ 2380.90 2610.90 117.49 124.77
GM 18.29 20.61 202 230 GM 3043.77 341158  175.43 201.06
SEm)z 040 0.48 0.80 072 SE(m)+ 4228 5144 7.84 885
CD at 1% 1.60 1.90 032 028 CD at 1% 167.23  203.47 31.03  35.01
CDats% 118 149 023 021 CD at 5% 12340  150.15 2290 25.84
CV ) 384 405 6.87 544 CV (%) 240 2.61 7.74  7.62
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CONCLUSION

Under laboratory condition, results suggested that
geed germination, secedling vigour and carlier
germination of soybean were greatly affected by
rhizospheric bacterial isolates, suggesting thereby
the importance of PGPR in seed germination and
subsequent  seedling  growth for achieving
appropriate plant stand in field. Out of eleven
bacterial  isolates, RMV-4 and  RPB-1
predominantly influenced most of the seed
germination and seedling vigour parameters.
These two isolates facilitated greater vigour under
laboratory condition. However RGB-1, RPV-4,
RPB-5, RMV-2 and RMV-1 also exhibited superior
results in certain vigour tests conducted in this
study. Hence, the PGPR, in general, promote seed
germination and seedling vigour and hence may
be referred to as biostimulants.
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