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POTENTIAL OF PLANT GROWTH-PROMOTING RHIZOBACTERIA FOR ENHANCING
THE GROWTH AND YIELD OF POTATO (SOLANUM TUBEROSUM L.)

Viuhammad Javed* and Muhammad Arshad* *

ABSTRACT

Thirty eight rhizobacteria were isolated from the rhizosphere soil, purified and were selected on the basis of their ability to
produce auxins {(IAA-equivalents) in vitro. Eleven selected isolates were tested Jor yield promotion of porato (Solarium tuberosum)

in a pot and field trial. In both the trials tuber yield, number of tubers and shoot + root weight were significantly promoted in

response 1o inoculation. Tuber yield was increased upto 47.5% and 25.8% in pot and field trial, respectively in response to PGPR
inoculation. Similarly number of tubers and shoot + root weight were enhanced upto 56.2% and 27.6 % in pot trial and upto 27.1 %
and 23.1% in field trial, respectively. The isolates 12, J7 and J24 showed consistent superiority over the other isolates and these

could be used as plant growth-promoting rhizobacteria.

INTRODUCTION

To meet the challenge of ever increasing population of
the world, increased agriculture production is an immense
need of time. One of the best effort in this regard is the
mtroduction of soil microbes in agriculture for seed and soil
inoculation, The successful use of Azorobacter and Rhizobium
for improving agricultural production provides the excited
exampie of this approach. Scientists are agreed on the view
that bacteriai fertilizers would not replace mineral fertilizers,
however, a good combination of bacterial. mineral and
organic ferulizers would enhance plant growth more
promisingly than their application alone.

The term ‘rhizobacteria’ was coined for the subset of
total rhizosphere bacteria which actively. colonize roots,
following inoculation. Effects of rhizobacteria on the
inoculated host may be neutral, deleterious or beneficial, and
the  beneficial rhizobacteria are called ‘plant
growth—promoting rhizobacteria (PGPR)’ (Kloepper and
Schroth, 1978). However, Frankenberger and Arshad (1995)
are Ot the view that all those rhizobacteria which promote
plant growth upon moculation through any mechanism of
action, could be grouped under PGPR. '

The role of PGPR for biological disease control has
also been well documented. However, the application of
PGPR for improving crop production over the optimum
ferulizers has not been thoroughly investigated. In China,
these beneficial rhizobacteria are termed as yield increasing
bactenia (Y1B) and are used to inoculate crops for improving
yields. After reviewing the work done in China on YIB,
Chen er ¢l. {1994) concluded that growth promotion was
most consistent when the YIB were used in the same
geographical area from which they were originally isolated.

The use of PGPR 10 promote plant growth has

mcreased dramatically over the last few years and a
sigmificant vield increases in response to PGPR inoculation
have been reported (Chen er al., 1994; Mei, 1989; Xia et al,
1990; Howie and Echandi, 1983; deFreitas and Germida,
1992}, but no such work had ever been done in Pakistan.
However, the potential of Rhizobium, Azotobacter and

Azospirillum have been investigated by many researchers

(Hussain e al., 1983; Hussain er al., 1987; Hussain et al.,
1993; Mlaik and Zafar, 1985). Considering the important
role of PGPR in growth promotion, a pot and field trial was
conducted to mvestigate the growth enhancing ability of
PGPR under soil conditions of Faisalabad, Pakistan.

MIATERIALS AND METHODS

‘the research work reported was conducted at
Department of Soil Science, University of Agriculre,
Faisalabad, Pakistan during the years 1993-94. Qut of 38
rhizobacterial solates, 11 were selected on the basis of zuxin
(IAA— ecquivalents) production in vitro (Table I). Auxin

production was measured by using the method described by'

Sarwar ez al. (1992). These 1solates were tentatively identified
as pseudomonad on the basis of physiological and
morphological characteristics studied (Table ID. In both the
pot and field trials eleven selected rhizobacterial isolates were
employed for tuber inoculation, in addition to uninoculated
control {JO). Potato tbers were inoculated by peat based
preparation. Broth culture of each isolate grown for seven
days and containing 107 to 10* cfu mL"' was transferred to
stertiized plastic tubs containing autoclaved peat and shurry
was prepared with 10% sugar solution. Potato tubers were
inoculated with this sturry. Controls were treated with similar
sturry without rhizobacteria.

* Directorate of Land Reclamation Canal Bank, Moghalpura, Lahore — Pakistan.
**  Department of Soil Science, University of Agriculture, Faisalabad — Pakistan.
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TABLE 1. AUXIN (MG |AA-EQUIVALENTS L'} PRODUCTION BY DIFFERENT ;
ISOLATES OF RHiZOBACTERIA )
Isolates IAA without L-TRP | 1AA without L-TRP | 1AA with L-TRP ”‘
JO 0.0 0.0 I 0.0 20.0
1% 21.0 30.5 J3* 12.0 17.5
J4 1.0 4.0 5 4.0 7.5
16 2.5 14.0 J7* 17.0 28.5
18 3.0 16.0 15 3.1 12.5
J10 5.5 7.5 J11* 25.0 31.5
J12% 21.0 23.0 J13 2.0 2.0 1
J14 4.0 14.5 115 7.0 8.5
116 4.1 13.0 7* 12.5 44.0
J18 1.5 9.0 119 3.0 3.5
120 3.5 16.5 J21 7.0 9.5 }
22+ 8.0 15.0 123 6.0 7.5
J24* 22.0 26.0 125 5.5 6.0 T
126* 15.0 20.1 127 5.5 6.5
128 8.5 10.5 29 1.0 1.5
- 130* 14.0 19.5 J31 5.0 7.5
132 6.0 8.0 133 0.8 3.5
J34 3.0 7.5 J35 7.3 10.5
136 2.0 7.5 J37 1.0 3.0
6.0 0.8
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Isolates Gram Staining Shape of bactena Fluorescence Cytochrome
oxidase
Ji -ve rod -ve unchanged +VE
]2 " " " " "
J3 " ) " " "
i " " " " "
112 " " Y. green y "
J17 " " -Ve ) !
J22 " " ~Ve " "
J24 " | " Y. green " "
J26 " " -VE " "
J30 " " -ve " "

—ve = Negalive
+ve = Positive
Y.sreen = Yellow grecn




Muhammad Javed, et al. Potential of Plant Growth-Promoting Rhizobactericc ........onwnennon.n, 449

a) Pot trial

Pot experiment was conducted in the wire—house,
Department of Soil Science. Glazed pots were filled with 12
kg of air—dried soil previously passed through 2 mm sieve.
A basal dose of NPK @ 125—60—60 mg kg' soil as urea,
single superphosphate and potassium sulphate, respectively
was mixed with soil before filling the pots. The treatments
were replicated five times using completely randomized
design of layout. The potato cv. Cordinal was grown as test
Crop. Plants were irrigated regularly to avoid any water

stress. Plants were also sprayed twice with 0.2% solution of

Dithane to protect against early blight. At maturity (90 days
old) plants were uprooted and data regarding tuber yield,
number of tubers per plant and shoot + root dry weight wer
recorded.

by  Field trial

Field experiment was conducted in the research area,
Department of Soil Science. The treatments were replicated
five times using randomized complete block design with plot
size of 2.44 x 1.50 m. The potato ¢v. Cordinal was grown
as test crop. Fertilizers NPK @ 200—100—100 kg ha' were
apphed as urea, single superphosphate and potassium
sulphate, respectively. Inoculated and urinoculated potato
tubers (as previously described) were sown on ridges keeping
row and plant distance of 75 and 30 cm, respectively.
Sowing was performed manually and irrigation was applied
after sowing. At maturity (102 days) planis were uprooted
and data regarding tuber yield, number eof tubers and
shoot+root dry weight were recorded. The data so collected
were statistically analysed (Steel and Torrie, 1980).

RESULTS .

incculation of potato tubers with rhizobacterial isolates
sigmficantly affected the tber yield in pot wial (Fig. 1.
Enhancement in fuber yield was significant in response to
inocuiation with isolates J2, J7, J11, 112, Ji7. J24 and J30.
Maximum tuber yield (47.5% higher than control} was
recorded with 1solate J7 and it was followed by isolates J2,
J11, J24 and J30, which significantly increased the tuber
yields by 28.7, 28.0, 28.6 and 27.7%, respectively over
control. Number of tubers plant’ were significantly promoted
with 1solates Ji1 and J24 (Fig. 2). Maximum increase in the
number of tubers was observed with isolate J24 (56.2%
higher than control) and next o it was isolates J11, which
increased the number of tubers by 50.0% over control,
Inoculation with different isolates significantly affected the
shoot -+ root dry weight of potato plants (Fig. 3). Inoculation
with solates 12, J7, J11, J12, J17 and J24 stgnificanty
promoted e shoot +root dry weight over control. Maximum

shoot -+ root dry weight was with isolate J7 (27.6% higher
than control), followed by isolates J2 22.2%), J11 (18.6%
and J24 (17.8%}) in descending order.

In the field trial all the rhizobacterial isolates except
isolate J22 significantly promoted tuber yield compared to
control (Fig. 4). Tuber vield was maximum with isolate J7
(25.8% higher than control). Next to it were isolates J1, J2,
13, J11, 112, 117, )24, 326 and J30 which increased the
vields by 16.8, 24 .8, 22.1, 25.6, 9.4, 21.4, 22.3, 14.1 and
22.7%, respectively over control. Five of the tested isolates
significantly increased the number of tubers compared to
controi (Fig. 5. Maximum number of tubers were recorded
with isolate J11 (27.1% higher than control), followed by
isolates J17 (20.4%), 13 (14.4%), J26 (13.8%) and J24
(11.0%) in descending order. Shoot+root dry weighis of
potaio plants were significantly increased over control in
response to mocuiation with all rhizobacterial isolates except
122 (Fig. 6). Maximum shoot+root dry weight was recorded
with isolate J7 (23.1% higher than control). Next to it were
isolates J2, J11, J24 and J30, which increased the shoot +
root weights by 20.6, 18.2, 15.6 and 17.3%, respectively
OvEr COontrol.

DISCUSSION

Selected isolates of rhizobacteria significantly promoted
yield of potato in pot and field trials. The isolates 32, 17 and
J24 showed consistent superiority over the other isolates and
these could be used as PG PR. In pot and field trials tuber
yield was increased upto 47.5 and 25.8%, respectively with
riizobacterial 1solate J7. These increases in vields in response
10 bacterization correspordd 1o the data of Burr- e7 al. (1678)
who found mean tuber yield increases of 14 10 33% due to

Anoculation with P fluorescence and P. putida in five of nine

feld experiments. Simtlarly, Kloepper ez al. (1980) reported
mean yield increase of 17% in four of the five field
experiments and Vrany ef al. (1989) reported 23% increase
in comparative field experiments in response ¢ bacterial
(pseudomonad; {reaiments. Tuber inoculation with
Pseudomonas species resulted 1n significant increases in yields
of potato ranging from 30 t0 70% (Vrany and Fiker, 1984;
(Geels and Schippers, 1983). Similar results were also
observed by Howie and Echandi (1983).

Significant increases in shoot + root weight and
number of twbers were observed in response to inoculation
with rhizobacteria in both pot and field trials. Simitarly,
many worxers reported that inoculation of potato tubers with
PGPR significantly increased the shoot and root weight
(Howie and Echandi, 1983; Burr e al., 1978: Fromme] et
al. 1991} and number of tubers (Geels and Schippers, 1983)
compared {o uninoculated controls.
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The ability of the Pseudomonas spp. to rapidly colonize
the rhizosphere of most plants makes them an attractive
taxonomic group of soil bacteria for bacterization studies.
The precise mode of action for commercially used PGPR
inoculants are yet not known for all strains (Kloepper, 1994).
In general the production of siderophores, antibiotics, several
extracellular metabolites and induced systermic resistance are
the mechanisms of indirect growth promotion, in addition {o
direct growth promotion as evidenced by increased root hair
development. The most important mechanism of direct
growth promotion may be the production of plant g growth
regulators (Arshad and Frankeflberger, 1591; Brown, 1974},
As we have found significant correlations (data not shown)
between crop yields and auxin producing ability of isolates,
so we can say with some confidence that plant growth
regulators are the mechanism of action by PGPR. Since

several studies including this have demonstrated the ability of
various PGPR to produce plant growth regulators (PGRs) in
vitro. However, no direct evidence for in vivo production of
PGRs by plant growth-promoting rhizobacteria have been
reporied.
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