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ABSTRACf 

An ex peri ment was conducted at Indian Ins titute of Spices 
Rcselll'ch , Calicllt durin g the months of June to Sept ember 
2003 to find out the effect of Trichoderllla /wrzifllllllll and 
PselldoIllOlJa.\· fllIore,\·cells on growth and nutricnt uptake of 
blac1< pCllper varieties in g reenhouse conditions, Obsel"Vations 
on plant growth parameters wcre t:lkclI three mo nths after 
rai si ng th e roo led cuttin gs in polythenc bags. Maximum 
biolllll ss production :lnd uptake of lIutrients uitroge n and 
phosphoro ll s was recorded by the treatments where combined 
311plic at ion of PseUdOIJlOII(fl· fl il orescence (IISR 6) and 
1HclIOdel"llllt IllIl"zialtlllll (I"' 26) were carried oul. Among the 
varieties, maximum biomass production and Ilutrient ul}take 
was observed ill P:1I111iyur3. 

Key words: Black pepper, Piper lI igrlllll , PseudomollasjlllOl'eSCells, 
T,.ichoderma harziw w lII , Ilutrient upt ake. 

INTRODUCfION 

Black pepper (Piper l1igrlllJl L.) kn own as the king of 
spices, is an important foreign exchange earner for the country. 
It is grown for its dried fruit s especially fa voured fo r its 
pungency, flavour, and spicy taste alld is used in many food 
prepara Ions. In addit ioll to this, it is used as medicine and as 
a component of many traditional ayurvedic drugs. Though 
the crop originated in \Vestern Ghats of India, productivity is 
very low, only 3 15 kg ha·l . Several reasons were att ributed to 
the declining trend in producti vity, among th em nOI1-

availability of quality planting materia ls is a major one. Black 
pepper is propagated mainly by rooted cuttings raised in 
nurs~r~ . In the nursery, diseases caused by PhYlophthora 
capslCI, Rhizoclollia so/alii, Sclerotium ro!j\·ii and viruses 
causes substantial losses to the rooted cuttings. Prolonged 
Use of chemicals is undesirable in view of higher maintenance 
~OSII pollution of the environment and consequent health 
f,azards. Ecofriendly method of crop management is widely 
acCepted. For this, identification of potentia l biological control 
~ents.whieh .co~i1d control disease and promote growth, has 
~ln given pnonty in the prevai ling organic cultivation. Work 

he for controlling PhytophtllOra diseases in black pepper 
nursery revealed II I b' '. hila com med appilcatJoll of Trichoderma 
an anum and A ·b I ' ' 

I IISC Ii (l r mycorrluzal fungi found to reduce 
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the disease inc ide nce and produced robu st di sease free 
cUllings [3]. 

App l icali on of Pseudo mo nas jl ll o rescens and 
Trichoderma harzialllllll were recommended for promoting 
plant growth and suppressing diseases caused by pathogens 
in black pepper, ginger and cardamom [6]. Growth promotion 
in black pepper by th e appli cat ion of P. jlllorescells was 
observed [1 2, 2]. Biofertili zers could be L1 sed as an alternative 
remedy to meet the nutrient req ui re ment of the crops. 
Therefore, the present study was undertaken to study the 
effect of P. jluorescells and Trichoderllla harzicfl ll lll / on growth 
and nutrient content of black pepper cuttings under green 
house condition at Indi an In stitute of Spices Research, 
Calicllt. 

MATERIALS AND METIIODS 

The study was conducted at PeruV<lIlIlClI1lUzhi farm of 
Indian Institute of Spices Research, Calicut during the months 
of June to September, and 2003.The pOll ing mixtu re consisted 
of garden soil, fa rmyard manure and sand in 2: I : I proportion 
with a nutrient composition of ava ilable nit rogen 688 ppm, 
phosphorous 54 ppm, potash 774 ppm and pI-I 6.4 . Single 
nod ed rooted cuttings collected from rapid multip lication 
nursery were used for planting in polythene bags fill ed with 
soil , farm yard manure and sand in the ratio 2: I : I . The plants 
were allowed to grow for three 1110nths in polythene bags. 
The biocontrol agents used included Pjlllorescens (strain II SR 
- 6) and T harzimllllll (strain P-26). Both the biocontrol agents 
were obtained from Crop Protection Di vision of Indian 
Instit ute of Spices Research, Ca licut. Lag phase of P 

f luoresce"s cullurc rai sed in nutrient broth was used to 
inoculate the molasses medium and incubated at 28°C for 48 h 
at ISO rpm. Fifty ml of the di lu ted culture ofP.jlllorescens 
was added 10 Ihe filled polylhcne bags, which had IO' ef" 
ml·1 at the time of application. 1'. /l(lrzial//l1I/ multiplied on 
sorghum gra ins having a popUlation of I 08 cfu g.1 was mixed 
at the rate of I g kg·1 of pott ing mixture and sao g of thi s 
mixture was lI sed for fillin g in poiytilene bags for the 
corresponding treatment. Factorial combinations of three black 
pepper varieti es and fi ve applicat ion methods formed the 
treatments for the experiment. The treatment's included: Cont rol 



(potting mi xture); Potting mixture + Planting rooted cuttings 
dipped in P.jllforescens; Potting mixture + Application ofP. 
jluoresceJls thrice (at the time of planting and after first and 
second month of plant ing); T. Itarzialllllll appli ed potting 
mixture + Dipping in P. jluorescens; T /iarzim1ll1l1 app lied 
potting mixture + Application of P. jlurescells thrice. Thc 
varieties used were Subhakara, Pournami and Panniyur-3 .The 
experiment was conducted in completely randomized design 
with total number of replications was 4 and number of plan Is 
per treatment was I S. Urea (400 g), super phosphate (300 g) 
and potash (200 g) were dissolved in 100 I of water and SO ml 
of the solution was applied pi & 2nd month after pl anting to 
black pepper plants. 

At the end of th e grow in g peri od , five plants per 
replication were destructively sampled. The dry weight ofslem, 
leaves and rools were recorded separa tely and added together 
to estimate the lotal biomass. Three plants of each variety per 
replication per treatment were used for nutrient estimation. 
The leafsample wiped with tissue paper was kept in a hot air 
oven at 70 ± 5°C for48 hours. The dried leaves were ground 
to a fine powder and passed through 72-mesh sieve. For the 
estimation of plant nut rients elements, 0.5g samples were 
digested by nitr ic acid and Perchloric acid mi xture (2 : I). 
Phosphorus was determined by Vanado111olybdo Phosphoric 
ye llow colour method in nitric acid medium and Potassium 
was determined by fl ame photometer [5]. TOlal up take of 
nutri ents was obtained by multiplying the percent quantity of 
the nutrient in each part with total dry weight of the plant and 
by add ing together .. The data were subjected 10 statistical 
analysis [8]. 

RESULTS AND DISCUSSION 

There was significantl y higher biomass production in 
lants treated with biocontrol agents than control. Combined 

application of P fluorescells and-T harz;al1l11J1 showed 
beneficial effect on growth. Significantly higher biomass 
production was observed for the treatment raising of rooted 
black pepper cllttings in T harziallunl applied potting mixture 
and application of P. jlllorescells thrice that was at par with 
application of P. fllIoreseens thrice (Table- I). Among the 
varieties maximum biomass was produced by Panniyur-3, that 
was at par with Subhakara and minimum in Pournami. 

Effect of P fluorescel1s and T harzianlllll 011 nutrient 
IIptake of black pepper varieties 

The results regarding uptake ofNPK per plant recorded 
were found to be significant (Figl,2,3) .The treatment, 
application of P. fluorescens th rice + T Iwrziallllm recorded 
maximum nitrogen uptake followed by applicat ion of P 
jluorescells th rice. Among the variet ies, significant highcr 
uptake of nitrogen was recorded by Panniyur-3 followed by 
Subhakara. 
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Table 1. Effec t of Rjluo/,escell .'i and T. /wrzialllllll 0 11 bionlllss 
of black PCI) t)Cr rooted cuttings 

Trea1ment Biomass (g) (90 DAT) 

(Journ- Subha- Panni- Mean 
ami IUlra )'ur-3 

Control 2.29 239 2.50 2.39 

Dipping in Pf 2.66 2.90 3 08 2.87 

Appl icalion of Pf 3.28 3.79 3.56 3.54 
thri ce 

Dipping in Pf + Th 3.02 2.92 3.4 1 3. 12 

Application of Pf 3.30 3.68 3.83 3.61 
thrice + Th 

Mean 2.90 3. 10 3.30 

CD (P=O.OS) for 0.51 
treatments 

CD (P=O.OS) for NS 
varieties 

CD IA(P=O.OS) NS 

DAT= Days a ft c r trca tm ent ; pr =P.H! f/dumo!l(f.~ j1lfore.\'C(m.~ ( II SR-6) ; 

T h = Trichodermtl har zicllllllll ( P-26) 

",_.----.---------.---------_.-----
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Figure 1. E ffcct of P./Illoresce lls a nd T.IIflI' Zitllllflll on 
uptake of nitrogen in black pcpper varieties 

Uptake of total phosphorous ill the plants varied from 
3.40 gl plant to 11 .94 and maximum Phosphorous uptake was 
recorded by the treatment having combined applicat ion off. 
jluorescens thrice and Trichoderllla. The percent increase of 
uptake of phosphorous over control was worked out for all 
the treatments, The values were higher fo r the treatment 
app li cation of P jluorescells + T harzialllllll (5 7) and 
app lication of P jluorescells thrice (4 7) compared to the 
treatments dipping in P. jluorescells and dippin g in P. 
fluorescel1s + r harzialllllll . Uptake of phosphorous \VaS not 
influenced by various treatments in all the varieties. 
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Figure 2, Effcc l of P. jluol'e.,·ceus .md T .Iwrziflllltlll 011 

IIpt.a l~e of phosphorou s in bl:lcl< II)cppcr 
vanel lcs l 

Uptake ofpotassiulll per plants varied from 23 .44 to 77 
mg. Higher uptake ofpotassiul11 was recorded by the treatment 
application of P. fluorescel/s thrice that was at par with the 
trea tment combined appl icat ion of P jluorescells thrice + T 
liarziwlIIl1I, and minilllullluptake ofpotassiull1 was recorded 
in control. The percent increase in uptake ofpotassiull1 over 
control was higher for the treat men ts app lication of 
P. jillorescells +T liarzialllllJl (234) and appl ication of 
:- jlllorescells thrice (225) compared to the treatments dipping 
In P. fluorescells (I J 0) and dipping in P f luorescellS + T 
IlOrzianll~11 ( I ~4) . With regard to K uptake, Panniyur-3 and 
Potlmmlll vanetlCs were at par andmi nimul11 K uptake was 
recorded in Subhakara. 
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Aprl il:a1;"" of Oippin" in 
I' .jl" ur,·.,< .',,,,' 1'.J I,," r' ...... ,"'~ . 

1·1I",-.I'I/Iuu, 

Apprjc~l ion of 
p JI' '''n'~' ' ,·n.'_ 

T I",,-.iutrUM 

Flgur. 3. Err ee t of I~ jluOl'e:H:ells a nd T. /tal'ZitllHlIII on 
UIHakc of potassiu m in blac1< pepl)('1' varieties 

am Growth of black pepper plants can be attribuled to higher 
cau o~nt of n~ t r ie l.1ts uptake and to the absence of disease 
highSlenr

g 
°hrgamsms 111 the rhizosphere. Growth was significantly 

w en Tharzi I " I to th I . {/IlIIm anr. P:J . 1I0rescel1S applied together 
e P anls. 7hchode· . I . 

nutrients b .' lI11a IS a so capable of IIlcreasing the 
nUlrient [/] secletlng enzymes that solubilize in soluble 

s . The antagonist,·c ell' t f TI . growth and '. ec a . WrZlGll lff1/ 0 11 the 
proliferatIOn of Phytophthora capsici in pl ant 
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rhizosphere and reduction in foot rot disease in black pepper 
has been rep~rted [9, 2, 1 OJ . Increased feeder root production 
and absorpti ve surfa ce area in black pcpper pl all ts due to 

Pjll~Ol'eSCellS has been report ed [2]. In the present study, 
Ilutn ent uptake rate was higher fa r the treatment combincd 
appl ication of P.jluorescells and T harzialllflll . Enhallced 
l1l~triellt Ill o ~ili zatian effected i:l the rhizospherc of black pepper 
w ith ~ol l ec t Ive effect of Pjluorescells and T /wl'zi(lf/ulIllllight 
h~ve IIlcreased photosynthesis and plant vigour [7J. A higher 
I1Itrogen concen trat ion wi th plant is likely to result in higher 
rate of photosynthesis [4]. Mixtures of compatible organisms 
would be an added advantage over single spec ies applicat ion 
[10]. 

In the present study. higher biomass product ion was 
observed fo r Panlli yur-3 and Subhak ara. Enhanced root 
p:od uction observed in Panniyur 3 might have increased 
higher nutri ent uptake, photosy nth esis tlHlt woul d have 
res ll~ted in production of higher biomass. Increased uptake of 
Ilutnents by these vari eti es in thi s study pro ved hi gher 
nutrient use efTiciency. 

CONCLUSION 

, . Appl ica ti on of P.jluorescell s th ri ce al o ng with 
Tnchoderma h.arziallul/I in rooted cuttings of black pepper 
plants resultec1111 better nutrient uptake and increased biomass 
produ.ction. Nutrient use efficiency of the va riety Panlli Y llr~3 
was higher compared to the vnrieties Subhakara and POllrnami . 
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