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Abstract
Salinity is a cr.ucial cglstrailt that slow downs agricr'rlture prodnctior.r in many areas in Egypt. Inocr"rlation

i,vith plali growth promoting n'ricroorganisnrs ntay enhauce plant grouth urrder salt stress conditious. The

obleciive is to evalr-rate the inoculation efJlcieny of biostinrr-rlarit strams (P.setidorrlotla.s f/ttorescence D23,

Biciljtrs 1'ttuliltts Dt39 asd Azosltirilluut lipolertunDlTS), hr.rmic acid and olgar.ric lrlantlre (conipost) on growth

and yieli of tonato (So/ariunt lycoytersit:tun I-.). This experiment u'as conducted in greerthor"rse condittons at the

E,xperimental Farr-n Station o1'Faculty of'Agricutr-Lre Moshtohor dLLring 20 ll. The highest significant increase of
dehydrogepase, nitrogenase ancl phosphatase was observed i11 tolrato inocr-rlated with biostinlr.Llant combined

rvith hurric acid +'cornpost at one aucl halldose. The highest records of'n-lacrot.tt-Llrierrts r-rptake by tornato shoots

rvere observed r.r,hen tomato amenclecl lvrth biostimlLlant conrbined r.vith compost at clil'f'ererit doses + hLrnic acid'

Applicatiol o1'hiuric acid cornbineci r,r,ith cornpost significantly dec,reased the proline contcnt in totnato.

rvhercas. thc reve;se r,vas observecl i6 nitratc reductase. Dual treatrlcllt of tornato with biostimLrlatit and compost

gave higher recorcls of totrato gror'vth charactcristics and yielcl.

Ke1'words: Compost, nitrate reductase, plant gror.r,th-protnoting rhizobacteria, PCiPR, praline, saline stress,

tolnato.

lntroduction fbr cultivation rlue to salinity. lt is hypothesizecl that

the use of plant gr-owth prorlotirrg rtriulotrt'ganisnls

Vcgctables are rr.nportant protectit,e Ibotl and highly as irrocularrts can enlrance plant glowth uncler salt

benejlcial fbr the ntainteuauce of health ancl stress conclitions (Nacleen'r et a1.,2006). Plant

preveptiot.r of cliseases. Tornato is a rnajclr vegetable growth prot.uotirtg rhizobacteria (PGPR) are fiee

crop that has achievetl tremenrlous popr-rlarity over living soil-borne bacteria or a synlbiotic one which

the last ceutnry. Salinity is or.re of the most criticral colonize the rhizosphere. These bactelia enhance

constraints which hampers agricultr-u"e production in plant growth eitlier by tlilect or inclirect mcchanrstns

ntany areas aroi-rnd tl-re worltl, inclucting Egypt. (Pallai. 2005). The ainr of this research is to study

About 9.5 billion ha of the worltl's soil are saliue. the inoculation effrciency of tor.nato witlr salt-

except for lat'ge areas of sec:ontlarv salinizecl soil in tolerant PGPR corttbined r.t'ith cornpost ancVot'

cultivatecl land (A;;ik ef a|., 2009). Out ol 14.12 l.runric acicl on tonlato growth pelfbrmance.

n'rillion ha of arable area of Egypt, 4.2 urillior.rs are procluctivity and yielcl quality.

salt affecterl. Most of these lartcls are ar.rnually lost

l3lfE l ]h.g! ! soil texture ancl cl'remical analyses.
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Expcrintental desigrt
Tleatnrents rvet'e distributeci in a ranclomrzeci complete block clesign with three relrlicrates

Florv chart of experimcnt treatmcnts
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Mechanical (particle size distribLrtion) and chentical
analyses are plesentecl rn Table I .

Prcparation ol bioslimulant inocula
l-he biostirnr"rlant inocula for tomato (Pseudonlor;as
/luorescerrce D23, Bacillus ptu'nilus D 139 and
Azospirillwn lipotbrun D 178) were prepared rn

specifrc broth rledia. Cell snspensiou of A. lipolirunt
contains about (l x 106 ctu nri r1 7 clays-olcl. B.

prilniftis (90 x 106 ctu rnl r1 2 clays-old and P.s.

lluore.sc:ence (20 x 106 cfir ml ) 5 clays-oid.

Cultivation proccss
Prrol to transplanting, tomato seedlings wele soaked
by drpping the loot system in a rnixture of PCPR
inocula (cell suspension ol biostimulant) for 60
rninLLtes. sucrose solLrtion (40 9'o) was used as ar.r

measured by usinll tl.re acelylene reductrorr
lechniqr-re given by Dilorvorth (1970).

Grorvth and yield traits
Leaves nurnber, llowels nru'nber', dry weights olthe
plants were determined at florvering stage (60 days).
plant height was determined after 120 days ol
transplanling. Nr.unber of frr-rits plant-r, fnrits yielcl
and rveight of fruit plant-r rvere estimated.

Macro-elemcnt content
-l'otal nitrogeu, phosphorus arrd potassium oontents
r,vere cletelminecl according to the methods described
by (A.O.A.C. 1970); A.P.H.A. (1992) and Der'vis
and Irrettas ( 1970). r'espectively.

' r il.):r. li 
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ac'lhesive agent. The saure prepared PCPR inocr-rla

rvele added to grown plants three tirres throughout
the gror.ving season at a rate of 300 mlpot I. The
recornmeuded close (fLrll close) of comllost rvas 8-10
ton feclr for vegetable clops. Wheleas, hurnrc acid
was added to soil at rate of 3-4 kg f-ec'l'r. A hallilose
of inolgarric nitrogen fertilizcr (5rJ kg N 1edr1 as

amrroninrn sulphate was sLrpplemented fbr
lreatments of biostimulant anc'l biostirrulant ']- hrLuric

acic'I. AIso, a l'irl I dosc of inorganic llliosphorus
ibrtilizer (2,5 kg P.Or lecl r ; as calciunr srrpcr-
phosphate ancl potassirrrn f-eltilizer (a0 kg I(1O f-eclr;

as potassium sulphate were supplemented fbr all
treatnl ents.

Matcrials and mcthods

Soil and soil nrixtures
Soil of the experiment was obtained liom Port Said
Goverrrorate, Sahl El- Hussinia. Experin.rental soil
rvas sr-rbjected to acljlrstn.rcnt rvrth soil gypsr-rm and

sand. analyses were calried out according to the
n.rethocl described by Page et ai. ( 1982)

Determination
Dehyclrogenase activity was assayed rn soil
accordrng to Glathe' and Ihalrnann (1970).

Phosphatase activily was estirnated according to
Drobnikova (1961). Nitrogenase activity was

A tl i r rnh i a I a n d n el h nl nn i c n I h i n-f rr r: h n i n r t r. c.



Proline and nitrate reductase
Proline r,vas detelmined accolding to the rnethod of
Bates ef al. ( 1973). Nitlafe redLrctase was
cletern.rined Lrsing the rlethocl ot Abdel-Santad et a1.

(2004 ).

Statistical arralysis was carried out accorcling tcr

Snedecol and Cochr an ( I 989). "l'he diflbr.ences
betrveen the mearrs rralue olrralioLrs treatrnents rvere
compared by Duncan's mr-rltiple raltue test
(DLuican's, I 9,s,5 ).

Results and discussion

Elfect ol tolnato inoc-lLlation rvith biostintulants in
presence ol contposl and/or hr_rntic acid on lhe
attir itr of

Data in Fig. 1 also revealed tl-rat tl.re h i-ehest
significant increase of DHA was observecl in case of
tonlato inocr-ilated wtth brostimLrlant combined with
hr"rmrc acid and compost at orre and half dose. 'l'his
result is likely to be due not only to the promotion
e1l-ec1 of biostimulant on n.rict'obial prolil,eration but
also to 1he beneficial eflbct 01'c-ompost and hunlc
acid. Liu et al. (l 992) reporlecl rhat llre adclirion of
hurnic acid to soil enhanced DHA at vegetative and
flowerrng stages. This result could be attributecl to
the synergistic efl-ec1 berrveen biostimulant ancl
nalural rnicrobial flora occlLrreil rn cornpost whrch
increaser'l the microbial respiration r-ate. Obtainecl
data showed thal relatir,e lou,er recorcls o1. DHA
were observed in soil anrentled vvith clternical
f'ertilization than soil amendecl wrth hLruric acicl
andr'or cornpost. T'his resr-rlt was observecl w,ith n.rcrst
experimentirl periocls anci r,i,as in accortlance r,i,ith
Marinara et al. (.2()00) u'ho reported that higher

!:yg plant growth promoting rhtzobacteria

Dehyclrogenase (DHA) is shown in Fig. I The
rhizosphere of tontato cultivated in salt-afli:cted soil
wjth no amendtnents (control) gave lower DHA
values, this tra), be dr_re to the high salt
concenlration wli icrh dccreases the microbial
activilies. The DHA iu r lr.ior_Ls treatntcuts were
significantly higher at flor,vering stage (60 clays)
than vegetative one. This increase of DHA coulcl be
attributecl to the berreflcial efhct of root exuclates
which increase ilr-u'rng floiver-ing stage. Hicher
actii'ity of Dl lA at florvering slage rs likely to be
clLre to the higher rnultiplication rate olcliflerent soil
rl icroor-qarr isrl s.

DIIA values were observed in soil arnenclecl u,ilh
corlpost courparecl to soil f'ertijized with chernical
fbrtilizers.

Phosphatase activitv

Data illustrated in Fie. 2 shr_ru,ecl that inocr-rlation of
tonrnto with PseLrclontonas iJuore.scencc D23.
Racillus pun'tiltLs D l-19 ancl Azospirillunt !ipofirunt
D 178 resulted ru a significar.rt ir.tcr-ease of
phosphatase activity cot.t'tparecl rvith either the
colrpost itr the chemical lertilization. Obtainecl
resLLlts revcaled that uo significant cliflerence was
observecl between phosphatase activity in soil
trcatcd u'ith biostirnr_rlaut only anci soil treated with
chenrical feltiljzers at l 5 ancl 30 duyr. Soil
irro1 11l31g.l r,ittlr brostirrrrilrrrl t.ornbincrl uiih hrrrtrie
aid + conrpo.t at one aucl half'closc save the highest
sisniflcant valr-re s of phosphatase activity.
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Fig I' Perioclical changes in dehydrogenase actrvity in soil cultivated r,vitlr tomato
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l't'r ir irls 1rl:n-s I
s t.iti.l 15 7t 3e 60 120

1?O

100

;80

;60
j

;40
:L]

o fil'

This resLrlt may be attribLrtccl rrot only to the ef}'ect

ol inoculation on mic:robe's trttntbet' in rhizosphele
br"rt also to the bencflcial e1'lcct of conlpost on

incligcnor-rs and irrtrocl-rced biostin.rulant strains lor
proliferation and their activities. Balaltrisirnan et a1.

(2007) loLrnd thal the application of cornpost in
c:ombination with phosphate solLrbilizing bacterir
significautly increasecl the soil enzyme actii ities

such as phosphatase. Also, lSarna et a/. (2008)

appliecl lrurr.ric acicl at 20 ol lrJ kg har rvith fblrar'

spray and lecot'ded an iucrease of enzl,matic
activitles such as c'atalase, clel.rydlogenase atrd

amended with cornpost at one and half dose and
hLrmic acid in combination rvith biostirnulant. TItis
result may be due to thc ertharrcetre nt of htrrtric acid
to the native and introdtrcecl rtticrrool'qattisms attd

also increased tl-re synergistic efl-ect of inttcr-rla

addition rvith other rricroolganisms. -fhese 
t'esults

are in haluronl, with Meunchang er a1. (2006) who
mentioned that con'rpost pronlotes plant groll.th
when arnended rvith N.. - tiring bacteria.
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Fig 2. Periodical changcs in phosph:rtase irctivitf in soil cultivated rvith tom:rto.
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F-ig 3. Periodical changes in nitrogenase activity in soil cr-rltivated with

phosphatase. Data also showed that pl.rosphatase

activity rvas significantly higher at flowelirrg sta-ue

than vc-getative one. ln case of nitrogenase activlty
(N2-ase) (Fig. 3). it was afltcted by the investigated
treatrnents. -l-omato amended rvith clicrnical
fbitilizers gave the lor.vest valucs ol N1-ase activity
compared to othel treatrnents. This restrlt is in
haln'ror.ry with that obtainecl by Anne-Sophie ef a/.

(2002) who tbr.rr.rd that the adcltion ol chemical
lbrtilizels sr.ich as arnrror.riun'r nitrate decreased the
n ltrogelrase actr v rty
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Also, clata levealed that soil withor-rt any
amendrnerrts gave sigurficant higher uitrogenase
activity than soil treated rvith NPK f'ertilizers. lt may
be dr-re to the activity of native microorganisms.
Higher records of N1-ase activity were observed in
soil tleated wrth con.rpost than biostimr"tlaut each oue

singularly. Enhancenent of biological activities
caused by compost mrght be due to containins
native micloolganisnrs.'l'he hi-qhest significant
values of N;-ase activity wet'e observed in soil
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'l'able 2. Growth characteristics oltonrato plantecl in salt-afJ-ectecl soil in responseto different soil anrendements.

[-r'eatnienl

Leaf nnnrber
.l

I)latrt'
Florvel Shoot length Root dry
nurber' weighl

SIioot dry
weiglit

Controlo
Chemical ferti Iization
Biostimulant (Bio)b
Compost
Bi0 .+ cronlpost (% dose)

Bio .+ compost (full dose)

Bio. + compost (1% dose)
Bio .+ FLA'

Bio. + compost (% dose) +
FIA
Bio.+ conlpost (full c'lose) -
FLA

Bio. + conrpost (i % dose) +

tLA

------------no--------
l2s lOf

plant I

Cnr
,,t -> |

g6n

44"t

46"1

5 1'l'

54"1

50,1.

54t'1

5g'

57''i

70b

30b

I 5't
1g'l

141!

17'l'

22'
I 5"1

30b

30b

40'

24"b

13"r

I 5't"

l g"l

1gt'l

19.,1

l4'1'

2lb'

1.lJ

76"

g. g'
7. gob

< r'c-'.+
r rrL'

8.40
. -6r(-) /
r ,rbLo.o

J .2'b

7.00b

6. ,5 
b'

7. gnb

15.lo
1 4.5b

10.9't

9.00'
6.50r'
10.9'r

12.9'
8.20'

14.4b

14.0b'

l-5.3'

"Control :-.witl.rout any soi I ameudments.
bBiostin.rr-rlant strarns - Ps. /Jrrorescence D23, B. pLunilus

C rorvth characlcrisl ics
Data in TabLe 2 cleally indicated that the lowest
records of tomato gloMlr characteristics i.e. leaves
number, llowers r.rurnbel ar.rd shoot length were
observed in plants cultivated in salt-aff-ected soil
without any amendurents (control). Dual treatrnent
of tomato with biostimulant strarns and compost
gave highel lecolds o1'growth charactelistics than
planls cullivaled in soil treated rvith eitl'rer
biostimulant or compost only. -l'his rlight be due to
the syrrergistic ellect ol conrpost and bioslirnulant
(Table 2).

Significanl increase irr tornalo gror.vlh chalacleristics
was observed in soil lreated with cirernical tbrtilrzers
than soil treated r.vith biostimulant only. Respeclrnq
the intelaction eflect betu'een the biostimLrlant and
cornpost arnendrnent, results revealed thal the
combrnation of biostirnr-rlant with cornpost at one
and hall dose gave high lecords of tomato shoot
length. Sirrilar results u,ele observed by Mer-rnchang
et al. (2006) r,vho lnentionecl that the compost

llrornote plant growth when it was iirnenclec'l wrth
N..-fixing bacteria because the N,-trxing bactcril
crolonize roots wllen compost was used and cnhancre

shoclt and root groMh. Also. Ranganathan eI a1.

(1995) demonstlated that inoculation of tomato
seedlings with Azospiril./rur spp. increased growtli,
llowerirrg and dry mattel of plants. It is rvorthy to
mentron that leaf' rrurrber r,vas uot alltcted by the
arrourrt ol corrpost, thelefble tomato glown irr soil
amended with conrpost al hall. lirll and one and half
close gave similar recolrls. Moleover, when soil
arnerrdetl with conrllost at ilifferent closes in
preseuce ol hurnrc acitl and biostin-u-rlant tolrato
gave higher values of most detern.rined
characteristics than other treatnrents.

D 135 and A. lipoterun D 178. "HA: Hr.rmrc acid

Whereas, at 120 clays soil arnent'lecl with
biostirnulant gave higher values of N1-ase actii,ity
tharr compost only, this result explained the
impoltance of the poost inocula which added to the
experirnental soil. Obtained data in Fig. 3 shorved
that soil treated witl.r con-rpost in contbination r.vith

biostiu.rulant rrave significant higher values of N.-
ase activity in tontato rhizosphere than soil solely
treated r'vith each onJy.

Nitrogen, phosphorus and potassiunr uptake
Results in Table 3 sl'rowed that the lor,vest values of
macronutrients uptake were observed in salt-
aftbcted soil rvithout any antenclments (control).
This may be attribLrtecl to the negative effbct ol
salinity olr macroltLtll'ients absorption. These results
are in halrnony with Lopez ancl Satti (1996) who
ploved that sallnity oart recluce N: acc:umulation rn
plants, P corrcentrations and the uptake of K in
plants dr-re to the inhibitive eflbct ol Na on such
proccss. Obtained data reveaied that N, P and K
ulrtal<e were significantly increased in plants growtr
ir.r soil tleated with chen'rical lbrtilization than soil
amended witl-r con-rltost or biostimulant strains, each
one. Moreover, N, P and K uptake by tomato shoots
were higher in case of dual appircation witli
biostirnulant and compost than those recolded in
eithel biostinulanl ol cornposl solely with each one.
'll'ris rnay be ctLe to the beneficial effbct o1' clual

application on macronutrients availability and
r-rptake. The highest lecords ol macronLrtlients
Lrptake by ton.rato shoots were observed wher.r soil
was amended with biostrrnulant corrbtr.red with
cornpost a1 different doses in presence of humic
acid. l'his rniglrl be dr-re to the positive effecl of
con.rpost on chernical ploperties o1'salt-affected soil
which n-right cause lelease of mac:ronutrients or
availability ol nLrtrients. Sirnilar results were
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obselvecl by Alvarez ef a1. ( 1995) who repoltecl that

the addition of' compost to soil cr-rltivated rvith

tourato nray affect the lelease of nlttrrerlts to plarlts

dilectly through the
by their elfect ou the

inherent r.rutrients or indirectly
cation-excl'ra11 ge capacity.

Table -1. U take of N. P and K tonlato cr-rltivatecl in salt-affected soil
'1'r'eatmeul

se to soil atnetrdemettts.

Contloln
Cheurical fertr I ization
Biostimulant (Bio)b

Cornpost
Bio. l.compost (% dose)

Bio. + cornpost (full dose)

Bro. + cornpost (l% dose)

Bio. + LLA'

Bio. + c-ompost (% dose) +

Bio. '1- cornpost (flr11 dose)

Bio. * compost ( I% dose)

P-- 
',ig l,lanii-

9.25'
r. -JI t.-J

9.25b

9.80b
I 1.l"b
1 L2ob

I 1.4"b

I I .Onb

13.4"
' - /iltJo
14.6'

tlA
IFLA

1- FIA

66.5 8'
92. g4b

g0. 1 6b'
g4.g lb'
gg 67b'

90.89b

9g.98b
gg. I 6b'

10B.g"b

I l g.4"b

123.9'

3 t.g2b
43.8 8"

40.62"

3 g. go"b
-- ^,rlrJ ).ZO

3 6.6g"b

3 9.7 g"b

3 6.00"r'

3 3.64b

43.04"
44.80'

nCclntrol:=without any soiI atttetrdtnelrts.
bBiostinrLrlant strains - Ps. //uorescence D23. B. puntilus D1.35 antl A lipoferunt D178, 'HA- Hur.nic acid

In addition, soil treatecl r'vith hLrrnic acicl gave hi-eher

valtres ol N. P and K uptakc by tomato shoots

corrpared with control. -l'his is due to the beneflcial
eff-ect of lrurr.ric acid application on the decrease of
soil salinity. l-his result is irr agleetnent r,vith

Masciaridaro et al. (2002) who found that hlrmic
substances may enhattce the nutt'ients ttptake and

reduce the uptake ol some toxic eletneuts.
-l'helefore, it could be said that the application of
hurnic substauces cottlcl itr.tpt'or,e plant growtlt r-rrrder

salinity conditions.

Proline accumulation and nitrnte reductase
activity
Ilata lecordecl in Table 4 clearly indicated that salt-

affected soil r'vithout any atnencltnents (control) gave

tlre highest alnounts of ploline in tomalo plants. lt
rrray be due to the lesponse ol plants to high
conc:en1r'atior.r of salts. Tomato inoctrlatec'l lvith
brostirnulant combinecl with colnpost at one ancl half
dose in presence of hurr-ric n1:id gave the lowest

arnounts ol accumulatecl proline. Tl'ris result could

Table 4. Ploline accurnulation

-- ---,:gLlir :!,!LQr-?1!9
Tleatment

be attribr-rted to the benet'icial ellect of natural

rnicrobial flora occLrrled in compost or biostirnulant
wlr icl'r have been demonstratet-l to indnc:e plant
tolerirnce to salinity. This result is in agreernent r'vith

Molrarned et al. (2007) who reported tlrat proline
content significantly iucreasecl with an increase of
NaL'l cr<rncentratior.r. Also, Martinez et al. (1996)

fbuncl a positive r-eiationship between prolir.re

accnrnnlation ancl NaCl tolcrance. ln addition, the
applic:atior.r of hurnic acicl combir.red with oornllost
signifrcantly clecreased the accutnr-tlatecl proline
amoltnts ir.r tornato plants rather than the absence of
hun.ric acicl. lt r.nay be likely dLre to the role of hurnic
aciil in decrcasirrg the effect of salinity orr plants.
l-lr-Lrnic aciri coLllcl bc usccl as a .qrowth rcgr-rlator tir
r-eg,ulate horrnone lcvel, irnprove plant grorvth ancl

errhance strcss tolcrance (Serenella et a1.,2002).
ResrLlts clcarly irrtiicatecl that cxcept fbr the coutrol,
chcmical flertilization treatrrent gave the lowest
valucs of nitrate recluctase (N R-ase).

and nitlate lecluctase activity in tourato leavcs in salt-affected soil in respor.rse to

- 
i;roi"ia ;;;";;irlatid- Nit."t; *d.rcta^s. a.t*'tt

-_-_---T-mg g-' pr mol NO2 g'' hr'

Clontrol"
Clhenrical lerli lization
Biostimulant (13io)L'

Compost
Bio. + conrpost (% dose)

Bio. + conpost (firll tlosc)

lJio. + conrpost ( I i/r dose)
Bio. + HA'
Bio. + compost (/: dose) + HA
Bio. + conrpost (firll dose) + HA
Bio. + co;1nos1 1 1t1 de5c) + HA

0.8'1"

0.82"
0.72r'

0.45'
0.29"

0.3 g'r

0.45'
0.79"
0 49'
0.,5 l'
0.45'

t94.1'
i 65.0'
t11:"
l4 L3'l
76. I 0.
99.00r

100.51

170.(r'

52.70'
5 8.90r'
I 23 .5'

"Control:-withcutt any soiI atletrdmeuts.
bBicrstinrulant strains - P-s. lJrrorescence D23. B. puutilus D135 and A lipoterunt D178, ' I-{A: Hr.rmic acici
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lJsing ptant growth promo\tng rhtze!9ct9rtl

Ton'rato inoculations with biostimr-rlartt ln
conrbirratirtn with conlpost at ditl'erent closes

significantly incleased the nitrate redLLctase actir'ity

co,,rparecl to either biostinlulant or corllpost each

one inclivrdually. Also, rlitrate reductase iticreased

with the increasing of corllpust slllotlnts since the

addition ol con-rpost at olle and hall dose gave

higher records than either half ol lirll dose l-lte

highest values ol NR-ase were observed in case of

soil arnenciecl r,vith cornpost at olle arrd half'c'lose ir.t

presetloe of hurnic acicl ancl biostimr"rlant' 
-l'his resull

inay be clue to tl.re beneficial eflect of the nativc

miiroorganistns occurrecl in compost ancl tl'reir

synergistic effect with biostirnLrlant These results

ale in agreement with Zhang et a1. (2008) who

statecl that the positive eflects of hurrric acid on plant

grou4h could be r-rtainly due to hormone-lilie

activities of the hLrrnic ac:id through their

involvernent in oxitlative phcrsphoryliltion. prt'tein

synthesis. antioxidant ancl vat iorts enzyrnltie

react ron s.

Yield and f ield comPonents

Data in Table 5 revealecl that the lowest I'tr'ttnber of
fruits/plant was observed in totrrato grorvn in salt-

affected
soil rvithout any atnendnlents (control), while the

treatrnents that contain biostirnulant, cornpost and/or

hLrrnic acid gave higher uulnber of fi'trits plarrt'r'

Sirrrlar results rvere observed by Ullah et a1. (1994)

rvho reported that tolnato fr-nit plodLrction was

negatively afl-ected by high salt coucetltt'ations'

Resr.rlts

also showecl that the tlutnbet ol lruits plaut'r lvas

sirrilar in case <lf tonlato inocrtlatiotr with

biostirnr,rlant conibined rvith compost at clifl-ererrt

doses in presettce o1'hrunic acid This trend of results

is rn a-ureernent witlr Zanclonadi er 41. (2007) who

reported tl.rat humic acid increased -growth and yield

of various clops inclr-rding vegetables. Chernical

fertilization oltor.r'rato gave signiticant higher number

of fiuits than tolralo inoculation with e ither

bioslimulant or colnpost.'l'he highest weight ol
tomato frtrils was observed rvheu tomato inoc:ulated

with biostrrnulartt in con.rbination witl.r compost at olle

ancl hall close in presence of humic acid. Obtained

data in Table 5 also revealed tl.rat tomato yield was

signifrcantly increasecl r'r'ith the irlcreasing of compost

c1ose, it may be clue to the synergistic eftect of natural

rlicrobial flora occurt'ed in cornpost on the introduced

inocula (bioslirnLrlant). Chernical ferlilization of
tonatcr gave higher yield oltrLrits plantr than tomato

ruoculatecl rvith either biostinrulant or colllpost. The

highest si-unifrcant yield of tonlato fi'uits was observed

r,vhen tornato was it.toc'ulated with biostirnular.rt in

corrbination rvith courpost at otle and hali dose in

presence of trr-trnic acid. This resltlt cor-rlc1 be due to the

beneflcial elfucts ol'humic acid and compost. These

lesulls are in halmony wrth Zhang el a1. (2008) who

repoltecl that the positive ellects ol humic acid on

procluctivity, which seern to be concentration-relatecl,

coiLlcl tnainly be dr-re to hot'motre like activities of the

htrmic acid thlough their involvemeut in cell

r-esp irat iou, photosynthesis, ox idative

phosphorylation, protein synthesis, antioxidant and

r crit'tr: cttzyrnntic rcflction:.

Table 5. yield and yield components ol'tomato grown in salt-afl'ected soil in response to soil

f#r}q*t*re'- -. - _- 
ffi;b;i;rqq'luotu'l-1yqs-l1 1lrE1'iii 

--

I -,,

Control,, 0.41 lt

Chemical fertilizaticln l5"b 50 7b''r 0 761*rChemical fertilizaticln l5"b 50 7n'" 0 761"

eio.tii'";1"", teiolt iZur' 53 8'b' 0 646"

('ornoost l4"l' 5l'5b"1 0l2lr"
Ui".'i .",,,n"st ( ' . dose) 14 54t2-''' 0 759''r

Bio. * crompost (1ull dose) I5'b 57'80 0 867"b

Bio. + Compost (l% dose) l5nb 55.5"r' 0 833b'

Bio. + FIA' l4"b 49.1"1 0.687'r'

Bio. + compost (% dose) r HA 16' 59 1" 0'946"

Bio.+ compost (iull dose) 1- 16" 5g,3" 0.934'
tlA
Bio. -1, cornpost ( I % dose) 1 

1 61 5g.1, 0.955"
HA
"Control::withoul any soil anrendments'
r,Biostimulant strains: Ps. lluorescence D23, I). pumilus DI35 and A' lipol'erurn D178, "HA: I'Iumic acid

Also, Ulukan (2008) reportet'l that the in'rprovit.tg

sorI conditions and establishin-e ecluiIibriut'n atl'tot.tg

plant Irutrients are also irnportant fbr soil

substances and orgarlics improve the soil

chalactelistics artd itrct'ease the yield of vegetable

crolls,

p rorluct i v ity arr d p lant product i orr. V!ryq?rIlII
Microbial and pathological bio-techniques, 49



Conclusion

This str"rdy recclrnmended tl-rat the use of salt tolerant

PCPR as biostimulant fbr tonlato grorvrl in salt-

affected soils can improve gror.l'th perforrnaltce and

productivity under saline stress. Results also

inclicated that toniato inttculatiorr with PGPR il.l

combinatron with compttst aud irLtmic acrcl enhancecl

plant resistanc:e to stress thror-rgh the redLrctiorl of
proline accumttlation and itlcrease oi' n itlrtc
reductase.
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