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Abstrad 
Sa lin ity is a crucial constraint that slow downs agr icu lture prodLtction 1n many areas in Egypt. Inocu lation 

with plan t growth promot in g mi croo1·gani sms may enh ance pl ant grovvth under sa lt stress conditions. The 
obJect ive is to eva luate the 111oculation ettic ieny of biostim ulant strains (Pseudomonas fluorescence 023, 
Bacillus 17umilus D 139 and Azosj7iril!um lij7oferum D I 78) , humic <tc id and organ1 c man ure (compost) on growth 
and yield oftom<tto (Solanum lycopersJcwn L.). Thi s experiment w<ts conducted in green house conditi ons at the 
Experimenta l Farm Stat ion of' Faculty of' Ag ri cuture Moshtohor durin g 20 I I. The hi ghest s ignifi cant increase of 
deh ydrogenase, nitrogenase <t nd phosphatase w<ts observed in tomato inocu lated with biost imul ant combin ed 
with humic ac id + compost at one and ha lf dose. The hi ghest records ofm ac1·onutri ents uptake by tomato shoots 
were observed when tomato <t mendecl with bi ostimulant combin ed with com pos t at clifTe1·ent closes + humi c <tc icl . 
Applicat ion of humi c <tc icl combin ed wi th compost signifi ca ntly dec reased the prolin e content in tomato, 
whereas. the reverse was observed in nitrate reductase . Dua l tremment of tomato with biostimulant and compost 
gave higher records of toma to growth charac teri st ics an d y•elcl. 

Kc~· words: Compost, nit rate reductnse, plnnt growth -promot ing rhi zobacteri a, PCiPR, pralin e, sa line stress, 
tomato. 

In troduction 

Vegetab les are 1rnportant protective food and hi ghl y 
bene ficia l for the mollntenance of hea lth and 
preventi on of diseases. Tomato is n major vegetab le 
crop that has nch1 eved tremendous popul arity over 
th e last century. Sa l111ity is one of the most cr iti ca l 
const raints wh1 ch hampers agriculture product ion in 
many areas around the wor ld, inc luding Egypt. 
About Y.S bi lli on ha of the wor ld 's soil are sa lin e .. 
except fo r large areas of seconda1·y sa li nized soil in 
cu lti vated land (A~ i k et a/., 200lJ). Out of 14.12 
mJ! Iion ha of arab le area of Egypt, 4.2 mill ions are 
salt atTected. Most of th ese lands nre annuall y los t 

for cul tiva tion due to sa l1nity It is hypothesized that 
the use of plant growth promoting mi croorgan isms 
as in ocul ants can enh ance plan t growth under sa lt 
stl' ess cond iti ons (Nadeem et a 1., 2006). Plant 
growth promoti ng rhi zobacteri a (PGPR) are fr ee 
li ving so il -borne bacteri a 01· a symbioti c one which 
coloni ze th e rh izosphere. These bacteri a en hance 
plant growth either by direct or ind irect mcchnnisms 
(Pnll <t i, 2005). The nim of th1 s research is to study 
th e in ocul ati on efficiency of tomato with sa lt
tolet·ant PGPR combined with compost and/or 
humi c ac id on tomato growth perto rmance, 
producti vity and yield qua lity. 

Table l. The experi mentnl so il tex ture and chemica l an alyses. 
Para mete rs Unit 

So i I tex ture --- --- ---- - ·-----
Sand (%) 
Si lt (%) 
Clny ('%) 
Tex tural class (%) 

EC 
pH 
Organi c matter 
Totnl nitrogen 

Solubl e cat ions 

Solu ble ani ons 

Chem ica l nnnlys is 

Na+ + K' 
Ca2 · 

Mg> 

coo 
HC03-

CI 
SO/ 

(%) 

(%) 

1 . _, - ·--' ,., _ J.'-- ' ~ - ·· ~~ 1 n : ..... ~ .......... 1-. ..... :,...,, ........... Ar:J t:: fJ 

Val ues 
So i I beto re ad ustment Soi I nfter ad ustment 

45.01 50 
16.32 33 
38.67 17 
C lny Clayey si lt 

24.34 13.92 
830 8.6 1 
0.62 1. 12 

0.0 10 0. 11 4 
lJ4 8.27 

14.22 35 .0 
27.12 38.0 
Zero Zero 
9.93 28 .00 
186 8 1.00 

47. 75 30.20 
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Experimental design 
Treatments were distributed in a random1zed comp lete block design with three replicates . 

Flow chart of experiment treatments 
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adhesi ve agent. The same prepared PGPR inocula 
were added to grown plants three times thmughout 
th e growing season at a r<Jte of 300 mlpot 1

• Th e 
recommended dose (full dose) of compost w<Js 8- 10 
ton fed 1 for vegetab le crops. Whereas, hum1c <Jcid 
was added to so il at rate of 3-4 kg fed -1. A hal f dose 
of inorganic nitrogen fe rtili zer (50 kg N fed-1) as 
ammonlllm su lphate was supplemented for 
treatments of biostimulant and biostimulant + humic 
acid. Also, a full dose of 1norgan ic phosphorus 
fertilizer (25 kg P20 , fecf 1) as calcium super
phosphate and potassium fertilizer (40 kg K20 fecf 1) 
as potassium sulphate were supp lemented for all 
treatm ents. 

Materials and methods 

Soil and soil mixtures 
Soil of the exper iment was obta1ned tl-om Port Said 
Govemomte, Sahl El- Hussini<J. Experimenta l so il 
was subjected to adjustment w1th soil gypsum and 
sand, analyses were ca rried out according to the 
method described by Page t'l al ( 1982). 

Determination 
Dehydrogenase activity was assnyed 111 soil 
nccording to Glathe1 and Thalmann ( 1970). 
Phosphatase activity wns estimated according to 
Drobnii<Ova (1961). Nitrogenase activity was 

r 1r i - r I I 
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Mechani ca l (particle size distribution) nnd chemical 
annl yses nre prese11ted in Table 1. 

Preparation of biostimulant inocula 
The biostimulant inoculn for tomato (Pseudomonas 
fluorescence D23, Bacillus pumilus D/39 and 
Azospirillum lipoferum D 178) were p1·epared 111 
spec1fic broth media. Cell suspens ion of A. IIpo ferum 
contains about (I x I 06 cfu ml 1) 7 days-ol d, B. 
pumilus (90 x 106 cfu ml 1) 2 days-old and Ps. 
fluorescence (20 x I 06 cfu ml" 1) 5 days-old. 

Cultivation process 
Prior to transplanting, tomato seedlings were soaked 
by dipping the root system in a mixture of PGPR 
inocula (cell suspension of biostimulant) for 60 
minutes; sucrose solution (40 %) was used as an 
measured by us1n g the acetylene reduction 
technique g1ven by Diloworth ( 1970). 

Growth and yield traits 
Leaves number, flowers mLmber , dry we ights of the 
plants were determined at flowering stage (60 days) , 
plant height wns determined after 120 days of 
transplanting. Number of fruits planf 1, ti·uits yie ld 
and we ight of tl-uit planr 1 were estimated. 

Macro-clement content 
Total nitrogen, phosphorus and potassium contents 
were determined according to the methods described 
by (AO.AC, 1970); API-lA (1992) and Dewis 
and rreitas ( 1970), respectively 



Proline and nitrate •·eductase 
Prol1ne was determi ned according to the meth od of 
Bates et a/. ( 1973 ). Nitrate reducta se was 
determined usin g the method of Abdei-Samad eta!. 
(2004) 
Statist ica l ana lys is was ca rri ed out accordin g to 
Snedecor and Cochran ( 1989). The di ffere nces 
between the mea ns va lue of va ri ous treatments we re 
compared by Dun can' s multipl e range test 
(Dun can's, 1955). 

Results and discussion 

Effect of tomato in oculation with biostimulants in 
presence of compost and/or humic acid on th e 
act ivit y or 
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Dehydrogenase (DHA) is shown in Fig.l . Th e 
rhi zosphere of tomato cul tiva ted in salt-affected soil 
with no amendments (contro l) gave lower DHA 
va lues, this may be due to th e hi gh sa lt 
concentration whi ch decreases th e mi crob ial 
activit ies. The DH A in va rious treatments were 
significant ly high er at flower ing stage (60 days) 
than vegetat ive one. Thi s increase of DHA coul d be 
att ri buted to the beneficial effect of root exudates 
whi ch in crease durin g flo werin g stage. Higher 
ac ti vity of DHA at flowe rin g stage is likely to be 
due to the h1gh er multiplication rate of differen t so il 
ITI icroorgan isms. 
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Fig I. Periodi ca l changes in dehydrogenase 8ct ivity in so il culti v8led with tomato. 

Data in Fig. 1 also revea led that the h1gh est 
sign1ficant in crease ofDHA was observed in case of 
tomato inoculated with biostimu lant combin ed with 
humi c acid and com post at one and half dose. This 
result is like ly to be due not only to the promotion 
effect of biostimulant on mi crob ia l proli feration but 
also to the beneficial effect of compost and hu mic 
acid. Liu t'l a/. ( 1992) reported tha t th e 8ddition of 
humic 8cid to so il enh anced DHA 8t vegetat1 ve 8nd 
flowering stages. This res ult cou ld be attr ibuted to 
the synergist ic effect between biostimulan t 8nd 
n8tuml microbi8l flor8 occ uned in compost which 
incre8sed the m1crobi8l respir<lt ion r8te. Obtain ed 
d8ta showed th at re lative lower records of DH A 
were observed in soi l 8mended with chemi c8 l 
fe rti Il Lation than soi I 8mended wit h humi c 8c id 
and/or compost. Thi s resul t was observed wit h most 
experimental periods and was in accordance with 
M8rinara el a!. (2000) who reported th at higher 
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DHA values were observed in so il 8mended with 
compost compared to soil fertilized wi th chemical 
fer ti I izers. 

Phosphatase activity 

D8ta illustrated 111 Fi g. 2 showed th8t inontlation of 
tomato with Pseudomonas fluorescence 023, 
Bac illus pumllus D 139 and Azosplr/1/um 1/poferum 
D/ 7'8, res ulted 111 3 signifi ca nt 1ncre8se of 
phosphatase activity compared with either the 
compost or the chemica l fertilization. Obtained 
res ults revea led that no significant difference was 
observed between phosph atase act ivity in so il 
trea ted wi th biost im ulant on ly and so il treated with 
chemical ferti I izers at 15 and 30 da ys. Soi I 
inocul ated with biostimulant combi ned with hum ic 
aid + compost at one and half dose gave the hi ghest 
significa nt values of phosphatase al'l ivity. 
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Fig 2. Periodical ~hanges in phosphatase activity in soil ~ultivatcd with tomato. 

Thi s result may be attribu ted not onl y to the effect 
of in ocu lation on microbe's number 1n rhi zosp here 
but also to the beneficial effect of compost on 
indi genous and int roduced bi ostimulant strain s for 
proli fe rati on and their acti viti es. Ba lakrish nan eta/. 
(2007) round thai th e app lica ti on of compost in 
combin at ion with phosphate so lubili zin g bacteri a 
sign ificantl y in creased th e so il enzyme acti viti es 
such as phosphatase. /\ !so, Bama et al. (2008) 
appli ed humi c ac id at 20 or I 0 kg ha 1 with foliar 
spray and recorded an in crease of enzymat ic 
activ iti es such as ca ta lase , dehydrogenase and 

300 
I niti ;:il 

I 

v 

250 

~ = 200 ; ... ·o 
.!.::: t..1 

> 
;:; ~ 150 
~ " 
~ -~ 
~ ..c 100 •. "--.... 
<J) 

~ 

2 
50 

0 
II I 

L:octrd Chemic al B i ostim L~ <tH CLlHI).lS'I 

tc nit i;:l!i~ •~ 

Uio. + 
l:umptl51 

\0001! 

-~~ 
~ ~ .. 
~~ 

c-~ 

phosphatase. Da ta also showed that phosphatase 
act ivit y was signifi cantl y hi gher at tlowering stage 
th an vegetati ve one. In case of nitrogenase acti vity 
(N2-ase) (F ig. 3), it was affected by th e in vestiga ted 
trea tments. Tomato amended with chemica l 
fertili ze rs gave the lowest va lues of Ne-ase acti vity 
compa red to oth er treatm ents. Thi s result is in 
harmon y with that obtain ed by Anne-Sophie et al. 
(2002) who found that th e add ition of chemical 
fe rtili zers such as amm onium nitrate decreased the 
nitrogenase activity. 
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Fig 3. Periodi ca l changes in nitrogenase activity in soi l culti vated wi th tomato. 

amended with compost at one and half dose and 
humi c acid in combin ati on with biost imulant. Th is 
resul t may be due to the enh ancemen1 of humi c ac id 
to the native and introduced microorgan isms and 
also increased the synerg isti c effect of inocula 
add ition with other mi croorgani sms. These results 
are in harmon y with Meunchang eta/. (2006) who 
mentioned that compost promotes plant growth 
wh en amended with Nc- tlx in g bacteria. 

Microbial and oatholooical bio-techniques, 

Al so, data revea led that soil with out any 
amendments gave signitl ca nt higher nitrogenase 
acti vit y than so il trea ted with NPK fe rtili ze rs. It may 
be due to the acti vity of nati ve microorgani sms. 
Higher records of Ne-ase acti vity were observed in 
soil treated with compost than biostim ul ant each one 
sin gul arl y. Enhancement of biologica l acti viti es 
caused by compost might be due to containing 
nat ive mic roorgani sms. Th e hi ghest signifi cant 
va lues of Ne-ase act ivity we i·e observed 111 so il 
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Table 2. Growth characteristics of tomato planted 111 sa lt affected soi l in response to different so il amendem~nts. 
Leaf number Flower Shoot length Root dry Shoot d1 Y 

Treatment planr 1 number weight weight 
planr 1 

- -----
------------11 0 --- - - --- Cm --------- --g ---

Contro l' 12g 101 4i 8.9" 15 . 7" 
Chemica l fe rti I izat ion 30b 24"b 86" 7.8"b 14.5b 
Biostimulant (Bio)b I set 13' 1 44cl 5.4" l 0.9d 

l9d l 5de 46cl 7.4"b 8.00' Compost 
14 1!: l 9cd 51 de 8.4' 6.501 Bio + compost (Y:, dose) 

B i o + com post (fu ll dose) 17de l9cd 54cd 6. 7bc 10 8d 
22c l 9cd so de 6.8 bc 12.9' Bio. + compost ( l Y:, dose) 
15' 1 14' 1 54cd 7.2"b 8.20' Bio .+ HAC 

Bio. + compost ('/2 dose) + 30b 2 1 be 58c 7.0"b 144b 
HA 
Bi o.+ compost (fu ll dose) + 30b 26" 57cd 6.5bc l4 .0bc 
HA 
Bio. + compost (I V2 dose) + 

40" 26" 70b 7 8"b 15.3" 
HA 

"Control:=without any soil amendments. . 
bBiostimulant strains = Ps. fluorescence D23. B pumilus 0135 and A. !Jpoferum Dl 78. ' HA= Humic acid 

Growth characteristics 
Data 1n Table 2 clearl y indi cated that the lowest 
records of tomato growth characteristics t.e. leaves 
number, tlowers number and shoot length were 
observed 111 plants cult iva ted 111 sa lt-affected soil 
without any amendments (cont rol). Dual treatment 
of tomato with biostimulant strains and compost 
gave higher records of growth characten st ics than 
plants cultivated 111 so il treated w1th e1ther 
biostimulant or compost only. Thi s might be due to 
the synergistic effect of compost and biostimulant 
(Table 2). . . 
Significant increase in tomato growth characterJStJcs 
w;s observed 1n soil treated with chemical ferti li ze rs 
than so il treated with biostimulant only. Respect ing 
the interaction et1ect between the biostimulant and 
compost amendment , results revea led that the 
comb ination of biostimulant with compost at one 
and half dose gave high recurds of tomato shoot 
length. Similar results were observed by Meunchang 
Et a/. (2006) who mentiuned that the compost 
promote plant growth when 1t was amended with 
N,-tixing bactena because the N2-tixing bactena 
c~ l on1ze~roots when compost was used and enhance 
shoot and root growt h. Also, Ranganathan et a/. 
( 1995) demonstrated that inocu lation of tomato 
seedlin gs wi th Azospirillum spp. in creased growth, 
tlowenng and dry matter of plants. lt is worthy to 
mention that leaf number was not affected by the 
amount of compost, therefore tomato grown in soil 
amended with compost at halL full and one and half 
dose gave simi la1· records. Moreover, when soil 
amended with compost at different doses 111 
presence of hum 1c acid and biostimulant tomato 
gave h1gher values of most detem11n ed 
characteristics than other treatments. 

Microbial and atholo ical bio-techni ues, 

Whereas, at 120 clays sod amended with 
biostimulant gave hi gher va lues of Ne-ase activity 
than compost on ly, this resu lt exp lained the 
importance of the poost inocu la which added to the 
experim ental so il. Obtained data in Fig. 3 showed 
that soil treated with compost in combination wi th 
biostimulant gave significa nt high er values of N, 
ase activity in tomato rh izosphere than soil solely 
treated with each on ly 

Nitrogen, phosphorus and potassium uptake . 
Results in Table 3 showed that the lowest values ot 
macronutrients uptake were observed 1n salt 
atTected soil without any amendments (control). 
Th1s may be attributed to th e negative eftect of 
sa lin1ty on macronutrients absorption. These results 
are in harmon y with Lopez and Satti ( 1996) who 
proved that sa linity can reduce N 2 accumu lation 111 
plants, P concentrations and the uptake of K 111 
plants clue to the 1nhibitive effect of Na on such 
process. Obtained data revealed that N, P and K 
uptake were significantly 1ncreased in plants grown 
in soil treated with chemica l fertilization than soil 
amended with compost or biostimulant strains, each 
one. Moreover, N, P and K uptake by tomato shoots 
were higher 1n case of dual application with 
biostimulan t and compost than those recorded in 
eith er biostimulant or compost solely with each one. 
·rhi s may be due to the beneficial ell'ect of dual 
appl1cation on macronutrients availability and 
Ltp take. The hi ghest records of macron utrients 
uptake by tomato shoots were observed when so il 
was amended with biostimulant combined with 
compost at different doses in presence of humi c 
acid. This might be due to the positive effect of 
compost un ch~mical pruperties of salt -affected soi l 
which might caLtSe release of macronutrients or 
availability of nutri ents. Simi lar results were 
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observed by Al va rez eta/. (1995) who reported tha t 
the addition of compost to soi l cultivated with 
tomato may affect the release of nutri ents to plants 
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directl y through th e inh erent nutrients or indirectl y 
by th eir effect on th e cation-exchange capac ity. 

Table J. Uptake ofN, P and K by tomato culti va ted in sa lt-affected so il 111 respo nse to so il amendements. 
Treatment N P K 

Contro l" 
Chemi ca l fe rti I izati on 
Biostimulant (B io)b 
Compost 
Bio. + compost ( Yc dose) 
Bio. + com post (full dose) 
Bio. + compost ( I y, dose) 
Bio. + HA' 
Bio. compost ( Y, dose) + HA 
Bio. + compost (full dose) 1 Hr'\ 
Bio. -"- compost ( I y, dose) + HA 
"Control:=without any so il amendm ents. 

66.58' 
92.84b 
80.16bc 
84 .91 be 
89 67bc 
90.89b 
98.98b 
89 . 16bc 
I 08. 9"b 
I 18.4"b 
123 .9" 

mg planr 
8.25' 
13.3" 
9.25b 
9.80b 
] l. ] ab 

I 1.2"b 
ll.4"b 
ll .O"b 
13.4" 
13.6" 
14.6" 

3 l. 82b 
43.88" 
40.62" 
38 .90"b 
35.26"b 
36.68"b 
38.78"b 
36. 00"b 
33.64b 
43.04" 
44 .80" 

bBi osti mulant stra in s = Ps. fluorescence 023. B. pumilus 0 I 35 and A lipo ti:rum 0 I 78, ' HA= Humi c acid 

In addition, so il trea ted with humi c acid gave higher 
values of N, P an d K uptak e by toma to shoots 
compared with contro l. Th1 s is due to the beneficial 
effect of hum1 c ac id appl1 ca tion on the decrease of 
so il sa lmity. Thi s result IS in agreement wi th 
Masciandaro et al. (2002) who found that hum ic 
substances may enh ance the nutr ients uptake and 
reduce the uptake of some tox 1c elements. 
Therefore, it could be sa id that the appli cati on of 
humic substances could improve plan t growth unde r 
sal 1 n 1ty conditi ons. 

Proline accumulation and nitrate reductase 
activity 
Data recorded in Ta bl e 4 clea rly in dicated th at salt
affected soil w1th out any amendments (control) gave 
the highest amoun ts of proline in tomato plants. It 
may be due to the response of plants to high 
concentration of sa lt s. Tomato in oculated with 
biostimu lant combined with compos t at one and half 
close in presence of humic acid gave th e lowest 
amounts of accumu lated pro l1n e. Thi s result could 

be attributed to th e beneficial effect of natural 
microbial flo ra occurred in compost or biostimulant 
whi ch have been demon strated to induce plant 
tolerance to sa l1n ity. Thi s result is in ag reement with 
Mohamed et al. (2007) who reported that proline 
content significantl y in creased wi th an in crease of 
NaCI concentration. Also, Martinez et al. ( 1996) 
found a posit ive relation ship between prolin e 
accumul ation and NaCI tolerance. In additi on, the 
appli cat ion of humi c acid combi ned with compost 
signi ficantly dec reased the accumu lated proline 
amounts in tomato plants rath er than the absence of 
humic ac id. It may be likely due to the role of humi c 
acid in dec reas in g the effect of salinity on plants. 
Humic ac id cou ld be Ltsed as a growth regul ator to 
regul ate ho rmone leve l, imp rove plant growth and 
enhan ce st ress tolerance (Serene! Ia et al., 2002). 
Res tilts clea rl y Indi cated thilt except for the control , 
chem1cal fe rtili za tion trea tm ent gRve th e lowest 
va lues of nitrate reductase (NR-ase). 

Table 4. Proline accum ul at ion and ni trate reductase act ivity in tomato leaves in salt-affected so il in response to 
soi I amen dements . ---- ---- - -----

Treatment 

Control" 
Chemica l fe1iili zation 
Bios timulant (Bio/ 
Compost 
Bi o. + compost ( 'h dose) 
Bio. + compost (fu ll dose) 
Bi o. + compost ( I y, dose) 
Bio. + HA' 
Bi o. + compost (Y, dose) + HA 
Bi o. +compost (fu ll dose) + HA 
Bi o. + compost (I y, dose) + HA 

"Control:=without an y so il amendments. 

Prolin e accumul at ion 
mgg 
0.84" 
0. 82" 
0.7i' 
045' 
0. 28' 
0. 38" 
0.45' 
0. 79" 
0.4()' 
0. 51' 
0.45' 

N i Irate reductase act ivity 

194 .7" 
165.0' 
177.i' 
14 1.3" 
76.1 0" 
99.00 1 

I 00.5 1 

170.6' 
52. 70' 
58.90 11 

123.5 ' 

bBiost i mu lant strain s = Ps. fluorescence 0 23. B. J7Wnilu s D I 35 and A lij7oti:rum 0 I 78, ' HA= Humi c acid 
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Tomato in oculati ons wi th biostimul ant 1n 
combin ation w1th compost at di fferent doses 
signitlca ntly increased th e nitrate reductase acti vity 
compared to either biost imul an t or compos t each 
one ind ividua ll y. Also, nitrate reductase in creased 
w1th th e increasing of com post amounts sin ce the 
addition of compost at one and half dose gave 
hi gher records than eith er half or full close. The 
high est va lues of NR-ase were observed 1n case of 
so il amended with compost at one and ha lf dose in 
presence of humi c acid and bi ostimulant. Th is result 
may be due to the benefici al effect of the nat ive 
mi croorgani sms occurred in compost and their 
synergistic effect with bi ostimu lant. Th ese results 
are in agreement with Zhang f't <1/. (2008) who 
stated tha t the pos iti ve etfects of humi c ac id on plant 
growth cou ld be ma inl y clue to hormon e- li ke 
activities of the humi c ac id through th eir 
in vo lve ment in ox idative phosphorylati on. protein 
synthesis. an ti oxi dant and va r1ous enzymat ic 
reaction s. 

Yidd and yitdd components 

Data in Tab le 5 revea led th at th e lowest number of 
fru its/pla nt was observed 111 tomato grown in sa lt
affected 
soil wi thout any amend ments (control), whil e the 
treatments that contain biostirnul ant, compost and/or 
hum ic ac id gave hi gher number of fruit s planf 1. 
Sllll iial· resu lts were observed by Ulla h et nl. ( 1994) 
who reported that tomato fruit producti on was 
negative ly affected by hi gh sa lt concentrations. 
Results 
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also showed that th e number of fl· uits pl anf 1 was 
simil ar 1n case of tomato inoculation wi th 
biostimulant combin ed with compost at diffe ren t 
doses in p1·esence of humic ac id . Th 1s trend of results 
is in agreement with Zandon ad i et <1/. (2007) who 
reported that hum ic acid increased growth and yield 
of va rious crops in cluding vegetabl es . Chemical 
fe rti I iza ti on of tomato gave significant high er number 
of Jl·uits than tomato in ocul ation wi th either 
biostimu lant or compost. The highest weight of 
tomato fru it s was observed when tomato inocu lated 
with biostim ulant in combinati on with compost at one 
and half dose in presence of humic ac id. Obtained 
data in Ta bl e 5 a lso revea led that tomato yield was 
s igni tl cantl y increased with th e In creas ing of compost 
close , it may be clue to the synergistic effect of natural 
mi crobial flora occurred in compost on th e introduced 
inocu la (biostimula nt ) Chemical fert ili zation of 
tomatu gave hi gher yield of fruits plant" 1 than tomato 
in ocu lated with either biostimulant or compost. The 
hi ghest signi f1cant yield of tomato fru its was observed 
when tomato was in ocul ated with bi ost imul ant in 
combin ati on with compost at one and half dose in 
presence of humic ac id. Thi s result could be clue to th e 
benefic ial effects or humi c acid and compost. These 
res ul ts are in harmon y with Zhang et nl. (2008) who 
report ed that th e positi ve effects of humi c acid on 
producti vit y, whi ch seem to be concentration-1·elated, 
could mainl y be due to hormone like acti vities of th e 
hum1 c acid th rough their involvement 111 cel l 
respirat ion, photosynth es is, oxidati ve 
phosphorylat ion, protein synth es is, antioxidant and 
va ri ous enzymat 1c react ions. 

Table 5. Yield and yield components of tomato grown in sa lt-affected soil in response to soil 
amendements. 

Treatments 
------ ,--

Numbel· of fruits planr We_i_g_h_t of_o_n e- t,-_r_u_i t-- _ F_r_u_i t_s_y_i e_l_ci_J_) l_a_n_r ' ,--

Control " 
Ch emi ca l fe rt ili zat ion 
Bi ostimulant (Bio)" 
Compost 
Bio. + compost (Y2 dose) 
Bi o. + compost (full dose) 
Bio. + Compost ( l Y2 dose) 
Bio. + HAc 
Bi o. + compost ( Y2 dose) t- HA 
Bi o .+ compost (full dose) 1 

HA 
Bi o. + compost ( I Y2 dose) + 
HA 

"Control: =without anv so il amendments. 

no 
9' 
IS"" 
l 2"b 
14"b 
14"b 
lS"b 
IS"" 
l4"b 
16" 

16" 

16" 

0 
b 

45. 7' 
50. 7""" 
53.8a(K 
S l .SL"'' 
54. 2abc 

57 .8" 
55.5"1

' 

49. 1 cd 

59. 1" 

58 3" 

59 . 7" 

kg 
0.41 11 

0.76 1(" 
0.646e 
0. 72 1 de 
0. 759cd 
0.867"b 
0.833bc 
0.687de 
0.946" 

0.934" 

0. 955" 

"Biostimula nt st rains·= Ps. 11uurescence DlJ, B. pumilus DIJS and A. lipuferum D1 78, "HA= B urnie acid 

Also, Ulu kan (2008) reported that th e improv in g 
so il cond iti ons and estab lishin g equ ili brium amon g 
plant nutri ents are also important fo1· so il 
producti vity and plant production. Moreover, humi c 
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substances and organ1 cs 1mprove the soi l 
cha racteristi cs and in crease the yield of vegetable 
crops. 
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Conclusion 

This study recommended that th e use of salt tolerant 
PGPR as bi ost imu lant for tomato grown in sa lt
affected soils can improve growt h performance and 
pmductivity under sa li ne stress. Results also 
ind ica ted that tomato inocu lation w1th PGPR 1n 
combination w1th compost and humic acid enhan ced 
plant res istance to stress through the r ed~1c tion of 
prolin e accumulation and increase ot n1 trate 
reductase. 
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