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Abstract o N
The aim of the present work was to evaluate the inoculation effech of mdlger{ous glzzfg;i;uﬁz
s , selectively isolated from various black pepper growing 1ocat1on.s of Kjre; Sa ;?1 1 Rarnatata
e hancing the growth and nutrient uptake of black pepper cluttmgs. zosp thum isoate:
B en4 d BgPaz9 recorded 67% more plant height in rooted cuttings tk}an untreate (':f' an%} .
E‘iaznii?o en, phosphorus and potassium uptake and total dry we1g1fEt wasd51gn1 1; Wa};
su;erior ii:;; tr’eated plants. Increase in the uptake of hiron, n}?nga(linis:r,lrz}iir;co:;heigpbpy e
o ; an
i 9 treatment. Colonization of rhizosp ere soi ‘ :
gs;r;fe;nwizafzound to be high. The N,-fixation capacity c;f ;he 1§01atels Btlsizé e%nPi ;341’:§d
- lication of these inoculan .
8.68 and 8.52 mg g malate. Thus the app ‘ .
%};(;V;;?s suggested for tﬁe ecofriendly production of rooted cuttings of black pepper
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Introduction _
In India, soil fertility is diminishing
gradually due to soil erosiqns, loss of
nutrients, accumulation of toxic eleme.nts,
water logging and unbalanced nutrient
compensation. Organic manure and
biofertilizers are the alternate sources to meet
the nutrient requirement of crops. In recent
years, biofertilizers have emerged a's a
promising component of integrated nutrient
supply system in agriculture. Among
biofertilizers benefiting the crops are
Azosprillum, Azotobacter, P-solub1hs11r1§1
microorganisms, blue green algae an

mycorrizae (Hedge ef al. 1999).. _The
promotion of plant growth by Azospirillum
has been reported in field and nursery plants,
resulting in significant changes In s‘exlieral
characteristics of plants. The Azospirillum

21.1995).

particular region is also likely to p.erfori
better than the exotic strain (Thakuria ef 4
2001). Indigenous strains havg perform
better than introduced strains in promot!

the growth of crops due to their super

A. brasilense in wheat (Kapulnik et al. 19
Abbas ef al. 2007).

Black pepper is one of the most imI'Jorir:E1
export oriented spice crops of India.
production of spices can be

management (Sadanandan 2000)-3
successful establishment of black pepﬁ-’ |
the main field depends up on the qualty

inoculation responses in non-fleguminous
plants are still difficult to estimate (Bashan et

The indigenous bacterial strains belong to a

o

adaptability to the environment as found 738

increa5€:
considerably through integrated nuiri€

rooted cuttings. Beneficial effect of
Azospirillum inoculation has been reported in
black pepper (Govindan & Chandy 1985;
Bopaiah & Khader 1989; Kandiannan et al.
2000).However, reports are very scanty on the
use of Azospirillum native to black pepper.

In the present investigation an attempt has
been made to isolate Azospirillum from black
pepper rhizosphere in order to evaluate them
for growth promotion in rooted cuttings of
black pepper.

Materials and methods

Isolation

Rhizosphere samples from black pepper
representing Kerala and Karnataka were
collected and isolated specific group of
organisms using selective media. Based on
incubation time and morphology of colonies,
isolates were selected for evaluation in black
pepper cuttings. Azospirillum was isolated
from soil and root samples based on standard
ethodology (Tarrand ef al.1978; Enrique,
2). Isolated colonies were characterized,

# planta evaluation

he experiments were conducted at Indian
nstitute of Spices Research, experimental
m, Peruvannamuzhi, Kerala. Apparently
Ithy rooted cuttings of black pepper
ariety 1ISR Sreekara was used in the
xperiment. The strains isolated were
pared for their growth promotion efficacy
er completely randomized design (CRD)

30 plants for each strain. Surface
nfected rooted cuttings were root dipped
uspension of Azospirillum isolates at 108
.mL-1 for 15min and transplanted into
thene bags filled with sterilized potting
Te consisting of soil: farm yard manure:
(1:1:1). The plants were repeat
lated with Azospirillum at monthly
al as soil drench up to three months
€ inoculated plants were compared with
Culated plants. No nutrient and
, ides were applied to the cuttings.
. '5S were irrigated as and when

°arY to maintain soil moisture at field
level.

i\
3
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Observations
Growth Promotion

Growth parameters such as height of the
plant (cm/pot), number of leaves, leaf and
internodal length were recorded at monthly
interval for four months.

Nutrient uptake

The fresh weight of the shoot as well as the
root was recorded and the plants were used
for biomass estimation and nutrient analysis.
Major, secondary and micronutrients were
estimated in roots, shoots and soil by
standard protocols. (Bremner 1996; Jackson
1973).

Root/Rhizosphere colonization

Rhizosphere colonization by the isolates was
monitored at 30 day interval thrice up to 120
days. Root (endorhizosphere) colonization of
the introduced microbes was estimated at the
end of the experiment. The roots were washed
thoroughly and root pieces from different
portions of root (lower, middle and upper)
were selected randamonly, surface sterilized
and placed in nitrogen free bromothymol
(Nfb) medium tubes with five replications
(three pieces/tube). The number of tubes with
blue colour was considered positive for the
presence of Azosprillum,

Invitro tests

Putative nitrogen fixing bacteria were
screened in the ACC deaminase defined
medium, except the N source was eliminated
and agar was reduced to 1.75g T.-1. The
isolates that grew after being sequentially
transferred for 10 times to the same medium
were considered presumptive positive for N2-
fixation. (Day & Dobereiner 1976).Nitrogen
fixing ability was determined using Nfb
medium, The isolates were grown in
semisolid medium for 72 h, homogenized,
digested with H,SO, and the aliquots were
estimated for total nitrogen. Indole acetic acid
production (IAA) was determined in L-
tryptophan agar using Salkowski reagent
(Sarwar & Kremer 1995),
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Short-listing of Promising isolates

The isolates were short-listed based on in
vivo and in vitro growth promoting
characteristics. The data collected were
analyzed statistically using MSTATC.

Results and discussion

Isolation

A total of 11 isolates were obtained based on
the colony characteristics and other
properties unique to Azospirillum.They were
isolated from roots and soil samples
representing Kerala and Karnataka (Table.1)

Table 1. List of Azospirillum isolates used in the

| " study
' Designation of Location source
isolate ‘

BPazl Wayanad Root
| BPaz2 Wavyanad Root
| BPaz3 Wayanad Root
: BPaz4 Appangala Root
| BPaz5 Gonikoppal Soil
| BPazb Appangala Soil

BPaz7 Tdukki Root
i BPaz8§ Thrissur Root
‘ BPaz9 Idukki Root
i: BPaz10 Parambikulam Soil
: BPazll Parambikulam Soil

In planta evaluation

The initial nutrient status of potting mixture
is as follows.N- 84.0, P- 11.0, K- 180 and Ca -
525, Mg- 182, Fe-30.4, Mn- 5.4, Zn- 1.1 and
Cu 0.30 ppm.The PH was in the range of 5.5
to 6.0.The Azospirillum isolates significantly
enhanced the growth parameters of black
pepper cuttings (Table 2). The maximum
: height was shown by BPaz4 (67%), followed

and leaf length.

by BPaz9 (60% over control).However, the
number of leaves did not differ significantly
among treatments. The/ isolate BPaz9
inoculation produced total biomass of 9.75 g
plant-1 followed by BPaz4 (9.74g plant-1})
which is 47% over the control. The isolate
also showed significant increase in internodal
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The total nutrient uptake of host plants was
found to be influenced by the inoculants.
Among Azospirillum isolates, maximum
nitrogen uptake was shown by the isolate
BPaz4, followed by BPaz9 (33 and 43%
each.).The uptake of P, K, Ca and Mg did not
differ significantly among the treatments
(Table 3). The isolate BPaz3 andBPaz?
showed significant increase in the uptake of
Fe, Mn, Zn and Cu over control. The soil
nitrogen content was also higher in
treatment with isolates BPaz3, BPaz4 and

Blaz9.
The population of Azospirillum in the

rhizosphere was high in inoculated plants
(fig1). The Azospirillum isolates BPaz1, BPaz4

Fig 1. Colonization of Azospirillum isolates during
different periods of plant growth '

and BPaz6 was found to colonize better than
than other isolates. The colonization abili
increased significantly during the secon
month except BPaz1, BPaz6 and BPazl1.T

isolates BPaz4 and BPaz9 showed highesis
colonization in the second month (36 an{]
39X10%fu/g). However, the populatiolf

density decreases gradually in the fhir;

month except BPaz5 and BPaz6.It may ))’

observed that endophytic colonization (road
followed the same trend as noticed in the
The isolates BPaz4 and BPaz9 also sho
better colonization in different portion

root.

The Azospirillum isolates BPaz4 and BP?
grow in M9 minimal medium even afte
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;ZE;;;I.IE;DWEh pll;clJmotlon in rooted cuttings inoculated with Azospirillum inoculants in soil
Azospiri H;g;t(cm) No. Leaves Internodal Leaf - Leaf Total dry
Lo e - lengt;(cm) Lengt{l;(cm) Breadth (cm) wt (gm)
BPaz2 100.3 12.7 4.8 8'6 .:: 5293
BPaz3 75.00 13.0 5.0 10.-3 5‘4 i
BPaz4 125.4 12.9 5.3 10.0 5.7 o720
BPaz5 115.0 12.2 5.1 101 6‘0 108
BFazé6 120.2 12.9 5.0 9‘4 5.0 55
BPaz7 100.0 13.0 4.8 9:5 4l9 6200
BPaz8 110.0 12.8 5.2 10.0 5.9 £ 010 '
BPaz9% 120.0 13.0 6.0 10.2 5.4 o750

" BPazl0 83.00 13.5 5.6 9'0 6IO 610

g BPazl1l 95.00 12.5 5.8 9.5 5.0 ' c 660

‘,G-Control 75.00 i3.0 4.8 8l5 | 4‘8 00
CD(P=0.05) 18.2 2.33 0.42 1:06 0-71 2320

;1;1]:;;;3;. Nutner;\]t uptake as effected by Azospirillum inoculants in black pepper rhizosphere
| P K Ca Mg Fe Mn Zn Cu
g m
ggfi 888; 8826 0.038 0.014 1.4 0.284 O.OEgJE» 0.068
. . 069 0.048 0.013 221 0.397 0.045 0'051
0.154 0.014 0.157 0.071 0.026 1.94 1.632 ‘
0.176 0.010 0.095 0.058 0.022  2.54 0.271 8??2 8?2:
0.150 0.009 0.078 0.058 0.020  3.02 0.563 0.117 0‘176
8.167 0.010 0.093 0.056 0.025 492 0.501 0.153 0.162
118 0.010 0.083 0.053 0.018  1.84 0.264 0.115 0.108
8.;60 0.009 0.116 0.060 0.024  4.68 0.483 0.105 Gl]52
O. 90 0.011 0.156 0.083 0.027  3.58 0.985 0.292 0'1‘95
A20 0.009 0.065 0.038 0.015 1.74 0.465 0.093 0.693
gfllgj 0.008 0.072 0.052 0.017  1.45 0.535 0.106 0:106
0:081 88;3 0.094 0.049 0.021  1.35 (.204 0.099 0.132
. 0.05 0.05 0.05 1.73 0.655 0.099 0.152

S81ve subcultures confirms presumptive
e fqr N2-fixation.The isolates showed
ariations in their nitrogen fixing
S ranging from 3.20 to 8 mg N g-lof
cid. The N2-fixation capacity of the
?\81361?24 and BPaz9 tested invitro
._I. and 8.52 mg N g-1 malate. The
50 produced indole acetic acid.

bi.ological nitrogen fixation in the
Fhlzosphere, but mainly, for the best efficacy
in ?he absorption of water and nutrients
which happens due to a more developed roo’;
system, increasing the soil area explored by
the roots. In several earlier investigations
exotic strain of Azospirillum has been reporteci
(Fages 1994; Bashan & Holguin 1997; Reis et
al. 2000).In order to develop crop specific
strains of Azospirillum an investigation was
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carried out.11 isolates of Azospirillum were
isolated from black pepper rhizosphere
representing major pepper growing regions
in South India. These isolates, when
evaluated in black pepper rooted cuttings,
performed well in terms of growth promotion
and nutrient mobilization.

The increased dry matter in BPaz4 and BPaz9
could be attributed to the increased plant
height, which is one of the main contributing
factors for shoot biomass. The increased
height and biomass is the resultant of the
increased nutrient uptake by different parts
of the plant system as a result of enhanced
microbial activity observed in these
treatments. This is in agreement with the
earlier findings that Azospirillum inoculation
could improve ion uptake and contributed to
the significant elevation of plant growth (Lin
¢t 4.1983; Bashan & Holguin 1997; Molla et
al. 2001).

The ability of Azespirillum to attain significant
populations on the host root system has been
shown to be a prerequisite for their beneficial
effects on plant growth (Bashan 1986). The
isolates BPaz4 and BPaz9 also showed better
colonization in different portions of root as
well as in the soil. The total population
density of the isolates BPaz4 and BPaz9 in
the jnoculated microcosms were higher than
that of uninoculated microcosms. The
metabolic differences among the strains of
Azospirillum and their ability to utilize the
carbon sources might have influenced the
differential colonization of strains (Wani
1992).

Though the isolates recorded growth in
nitrogen free conditions, significant variation
was observed among the isolates. The
fluctuations in soil redox potential, pH and
organic matter govern the nitrogen fixing
activity of the Azospirillum spp. (Charyulu and
Rajaramamohan Rao, 1980).

The present study clearly indicated that the
inoculation of plants with the isolates BPaz4
and BPaz9 resulted in better growth of black
pepper cuttings. The co-inoculation of these
isolates in different combinations, under
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Table 4. [nvifro growth promoting capacity of Bopaiah B M. & Abdul Khader K B 1989 Effect of K . 133
isolates : biofertilizers on growth of black pep- apulnﬂ;ly S, AS_"”ig I: N & Y, Okon 1983 Effect of
N2-Fixation per (Piper nigrum). Indian. J.Agric. Sci zospirillum inoculation on vield of field-
Azospirillum mg g-1 Growth after 59(10):682-683. ' gggwn wheat. Can .J. Microbiol. 29: 895-
isolates malate successive IAA Bremner | M 1996 Nitrogen-total. In: Spark D.L. Lin W Oko;1 Y & Ha
. ) e . rdy R'W
fﬁbiuéglres (CE;éani\iztlhoise ;foioﬂ analysis (Part 3) mineral uptake gy’ Zea jﬁ;giijglgf;;ii
medium® American societ 01? (pp.1085-1121.). bicolor roots inoculated with AZDSPﬁ’f”lfﬁ-
BPazl 4.00 ++ Tt son, USA, ¥ o agronomy, Madi- Appl. Environ. Microbiol. 45:1775-1779.
BPaz2 5 80 e ) Charyulu P B B N& Rajaramamonan Reo ¥ 1950 Molla A 1\51[’& s;ii?id% zzrgé i—Ialimi M S, Marziah
BPaz3 7 39 + ; Igfluence of various soil properties on hancement of root PDtEntla] for er-
BPazd 8.68 . 44 n{trogen fixation by Azosprillum spp. Soil. tion of soybean c%r{)ivr\;gct?;l(i rClIOdu‘]a_
BPags 320 s ) _ Biol. Biochem. 12: 343-346. Azospirillum and Bmdyrhz'zobi;ﬂein f:lint)}—l
BPazé 3 80 s .  Day I M & Dobereiper_] 1976 Physiological as- ratory systems. Soil.Biol. Biochem,
BPagy 490 s ) %t:ct: of. N-flxatlon. by. Azospirillum from o 33:457-463,
BPaz8 6.70 ++ - 5081 aria roots. Soil Biol .Biochem. 8: 45- els V.M, Baldani. J 1., Baldani V L & Daberainer
' . J 2000 Biological dinitrogen fixation in
BPaz9 8.52 ++ + Enrique A.R C 1982 Improved medium for th gramineae and palm trees. Plant Sci-
BPaz10 6.12 ++ - isolation of Azospirillum Spp.Ap le ence. 19:227-274.
BPazil 3.20 -+ - Environ. Microbiol. 44:990-991, | idanandan A K 2000 Agronomy and nutrition
* Gttt Bkt 3o+ Fages | 1994 Azospirillum inoculants and field of black pepper.In: Ravindran P N (Ed.)

Black pepper Piper nigrum {pp.163-223)
Harwood  Academic  Publishers
Amsterdam, -
Sarwar M&Kremer R | 1995 Enhanced suppres-

ston of plant growth throu
' gh produc-
tion of L-TRP-derived compounds by

experiments.l Ini Okon Y (Ed.)
Azospirillum plant associations ¥ pp.88-
. 105). CRC Press, USA,
Govindan M .& Chandy K C 1985 Utilization of
the diazotroph, Azospirillum for inducing
rooting in pepper cuttin i l

. gs (Piper deleterious rhi i i
nigrum.L).Curr. Sci. 54(22): 118&11&?7 172:261-269 eobscteri;Flant & Soil
dge D M, Dwivedi . g N
g M B?;lfve?}l‘B S & Subhaka;g Babu s N 1arrand J J, Kreig N R & Dobereiner ] 1978 A

1999 ertilisers for cereal production taxonomic study of the spirillum
ia- i i i.5ci :
s a review.Indian.J. Agri.Sci.69 {2); i:poferum group with description of a
‘_ . ew genus Azospirillum i
I | : ipoferumn
b ksonPM L 1973 Soil Chemical Analysis ;?mb(.:Nov Mooyl brasilense sp
: rentice Hall of India Pvt Ltd : ovan] Microbiol 24:967-
l e 24 980.

Delhi ®"  Thakuria D, Talukdar N Goswami C, Hazarik
- ’ /2 a
5_d.1annefn K, Sivaraman K. Anandaraj M & fj, Bgro R C &Khan M R 2001 Character-
Krlsbnamoorthy K 5 2000 Growth and ;i?tlonl:md T rice g s o
futrient content of black pepner ot izosphere of rice grown in acidic soils
tl'ngs as influenced by inoculation with Wani " g Cuim S, 86978 95
biofortilisers. ] Spices Aromatic Crome ani 5 P 1992 Role of Biofertilizers in upland

(2):145-147 crop production, Semi i
. , mi Arid ;
ICRISAT.India. rid Tropics.

varying levels of fertilizers and organic
amendments may contribute more o the
growth and nutrient uptake.
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