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ABSTRACT

Two field experiments were carried out during two successive

seasons, 1996 - 1997 and 1997-1998 in Maryout Experimental Station
(D.R.C), Alexanderia Governorate , Erypt , to evaluate the role of
biofertilization technique and / or NPK fertilizers on different tomato

characters as well as microbial activity . The treatments comprised

different species of Bacillus and PseudomonaE isolates supported by

different doses of NPK which were added as ammonium sulphate +

calcium super phosphate + potassium sulphate in rates 100% ( 400 +

300 + 200 ) Kg/ fed.,75o/o,5}o/o,25Voand 0 % fromthe
recommended doses . The obtained results indicated that several plant

parameters were stimulated significantly as a result of biofertilization
and NPK applications referring to control . Biofertilization with Br
(Bacillus subtilis) and 82 (Bacillus megatherium ) were the best

treatments combined with 50% of NPK dose .This treatment led to
an increase in groMh parameters , fruit yield , TSS and vitamin C as

well as nutrient content. The application of NPK either individually
or in combination with biofertilizer improved COz evolution' By
increasing ofNPK ratesupto 100% dose, growth characters, fruit
yield, fruit quality and mineral content were sigrrificantly increased

when compared with the control treatment.
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I. INTRODT](]TI0N

I'rrmato I l,.y,r'opertiL'on e,\L.ttl(,ttlurn ,lfill) is considered ()ne i-r:
the most imp.rtant r.egetables . rt is gr.*,n in a rerari'err rarg,e area ,
Ep-pt and considercd o,e .f the nrairr ecrl,tinrical .*p,r.t vegetah,r.
crops , in addition to its usage in locar nrarkets and procJsri,g
Nowadays biofertilization technique is used beside rnineral fertilizer:
for the plant nutritional requirements in agricult,re " Attempts are
carried out to minimize the use of mineral t'ertilizers fbr its high curr
as well as its environmental pollution problems .Several soil bicteria
particularly those belonging to the genera Buc.illus and pseutlont()ntt\
which are phosphate dissolvers were used as a biofertirizer for
providing the growing plants with an available form of phosphorus
by producing organic acids which reduce the pH and bring about the
dissolution of bound forms of phosphate , (Rovira, 1963 and Amara
1994). Also, B. polT,myxa , B. macerans , B. circulans and some
Pseudomonas strains were used as N - fixers having the ability to fix
atmospheric nitrogen and consequently stimulated planr
growth,(Bally et al., 1983) . ln addition AbdelGhafar er at..(r996)
showed that B. subtilis B. cereu.s and ps.flurrescens fiequentrl
inhibit pathogens by producing antibiotic and fruoiescenr
siderophores .

Growth characters, yield and dn matter percentage of tomato
were increased by increasing NpK rates. [Brun er al., 1t9g6): Kooner
and Randhawa ( I990) and Shibhila and Balakrishnan 11990)l.Also.
increasing NPK rates had a beneficial effect on fruit conGnt of
T.S.S. and ascorbic acid (Patil and Bojappa .19g4;Kooner and
Randhawa , 1990 and Al Afifiet a/., (1993). Application of NpK
increased their uptake by tomato plants (Al Afifi er u1..199i and ciuo
and Lu, l99l).

Regarding the interaction effect of' microbial inoculati.n
combined with mineral NpK fertilizers on plant gro*,th.
Kumaraswamy and Madalageri ( 1990) shou,ed that the highest ;-ieldof tomato was obrained by adding NpK at the rate of 60 N. l0 pro.
and 50 K2o /h combined with Azotobucter chrooc,rcc.um. Also.
Harridy and Amara (1998) recorded a positive response of r.sella
plants to Rhizobiurn and,4zorobacfer inocuration as comparecl with
the higher dose of nitrogen ( 80 Kg N/ fed.) without inoculation .
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qualin artd NPK t;;;;i; "f 'u''ui" 
planls under calcareous soil
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2. MATERIALS AND METHODS

A treld cxperiment was caffied out over a period of two

sucocssire *"u,on''i''" 1996-1997 and 1997-1998 in Maryout

t:rperirnental Station oi the Desert Research Center ' Egypt ' Some

ph*ical and "hemic'i 
p'"ptni"s of. the soil are presented in Table

(1). Anallsis *u"ut'itA out accordingto Piper (1950) and Jackson

( l9-(8) 
split plot design with ] replicates was used ' Eight hacterial

isorates were randomry distributed as main plots , five Bacillus

species and three i*r"itt as PseudomonasJlourescens are shown in

the following:
l- Buc'illus PolYmvxu (Br)

2- Bacillus megatherium (B: )

3- Bttt'illu's muL'erutts 1Br)

4- Buc'illus suhtilis 1Br)

5- But'illu's cereus (Bt)

G Psr as a mutant

7- Psl . isolated from wheat rhizosphere

8- Psr . isolated from salt marches

9- (' ontrol treatment'w ithout b ioferti I izat ion

h,ach bacteriai treatment and conffol were divided into five

"tthplots 
considered as NPK treatments as follows:

l. (NPK )r 100%;recommended tlose { 400 Keam1, sulphate

(20.5% Xl + :OOfg catcium lYp."t 
photphate (15'5 % P2Ot; +

iOO fg potassium strlphate ('18% K2O ) /t'ed' )

2. tNPK h ' 75% from (NPK)1'

3. (NI']K )i, 50% from INPK)1'

4. (NPK )r , 25% from (NPK)r'

5. Control .

NandKf'ertilizerswereaddedattwtlequaldosesafter3and6
*eeks tiom transplanting u'hile P was added once before transplant-
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ing as basal application .

Seeds of tomato cv. Castle Rock were sown on July l5 ,h 
. andthe seedlings were transpranted after for[ days from .o*ing , 20 cmapart on ridges one meter wide and 3.5 m rong. rn" 

"*pJ.imenrarunit contained three ridges r0.5 m2( l/400 fed.).-organi. r"rtiiir", ur25 m' /fed' was aaaea to a, treatments one month beforetransplanting Seedlings of tomato were dipped in heavy cerlsuspension of different types of bacteria for : r,. L}-"."uing in tt.permanent field.
Five Bacillus spp. and three pseudomonas 

flourescens strainswere isolated from different soils and prants curtivated in desert soirs.Isolation and identification of the isoiates were carried out according
to Bergey's Manual of Systematic Bacteriolory (l9Sa)

lsolates of Bacilrus and pseudomonas were-Erown separatery in
!u! and Rovir4 (Abd Et- HafeqA.M.,l966)-irsM diil' ,t ot.,
1954) media at 30 oC for 2 days, respectively. 

.

Data were recorded on the foiowing characters :A- Vegetative growth: plan-t height (cm), phnt weight (gm) and dry
matter (%) were leyure! after 70 days from **Ipf"n',ing-.t, *u.
estimated by dividing hundred times of dry weight if pm,
material over its fresh weight.

e Yi"ry and quatity : Harvesting started from 25 Jan. and
continued tiil 20 e Aprir and from1O Jan. tirr ratr eprir i* tr," r"and 2 'd season, respectivery . The foilowing data were recorded :total yierd as ton/fed., sverage fruit weight (gn), total sorubre
solids^(%) using zeiss laboratory nefuctometer and vitamin c(mg/l00 g fresh weight) accordingto A.O.A.C., (1975r.

c-Minerals content: 
-Nitrogen , phosphorus and potassium contents

as a percentage of dry weight were estimated in the digest of
leaves collected at l0 weeks from transpranting. Totar nitrogen
was determined by the method of Huphiies (f ios). fnorpto*,
was spectrophotometricaily estimated using the method of Er-
Hineidy and Agiza(1957) . Potassium was deltermined u"irg n"*"
photometer, Brown and Lilliland (1964) .

Data were statisticalry anaryzed by the method'of Snedecor ( r 966)
D-Microbiological determination : Rhizospheric soir of tomato

plants were taken at two stages of growth, the first after 70 days

lom traryplanting and the second at harvesting time and anaryzed
for total fungal counts on Martin 's medium (ArLn, rq59j 

""J 
co,
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evoluti()n rates according to Panner and Schmidt (1964)'

3. RESULTS AND DISCUSSION

Effect of mineral fertilizers and / or biofertilizer on:

3.1. Total fungal counts
'l'he effect of Buc'illus spp and Ps. .flourescens isolates

aftrne or in combinatiol p'ith different levels of NPK on fungal

cL)unts in the rhizospheric soil of tomato plants is presented in Table

(l) -l-he rect,rded data indicate that control treatment w'ithout

biofertilization ga\e highcr fungal counts than biofertilized ones. and

t-ertilizatitrn rr ith Bttt'illttt spp \\as superior than that with

l,st,tklt,trlrurtr.' isolates. being ilt the arcrage of l1 . 14. 10 and 45 ,25

ancl II r,6: ignt rhizospheric soil tbr control . Bttc'illus spp and Ps'

trcatnrcnl\ ituiing the fir:t ancl se cond stages rrf growth. respectivelY' '

Ihis nia.r be due to the prodr.rction r'rf :iderphores compounds which

rnhibrt furrgal spr)rc gernlination I'i0 causing unavailabilityofiron
(.la!.r]!r\\ 199 llor dttv lri tlre llsrr o{'e ltrrinaeeous cell walls of pathtl-

Table (1):Physical and chemical analysis of the experimental

32.5
55.55
24.05
20.49

Texture class : Ca CO 3oh

Sandy Clay Loam Sand oh

Clay oh

Silt o/"

2.7
8.4

tt.4l
1.45
s.82
3.69

r303

12.955
15.113

EC m.mhosicm
plt

Soluble cations : (mg/l00g)
Na'
K.
Ca
Mg"

Soluble anions : (mg/100g)
tlC0r'
Cor
CI
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genic lungi b1' specific enz)'mes produced by'bacteria ( Nelson et al. ,

1986 ) Furthermore . NPK application induced favorable eff-ect on

fungal counts which increased by increasing the rate of NPK
applied, being in the average of 32.2. 13.1, 10.5 ,4.5 ,1.6 and47.1 ,

1q.2. 15.0, 10.1,1.6 xl02 /gsoil for 100% .75o/o,50%.25%and09/o
,'liPK during the tu'o grouth perir'rds. respectively .

3.2. Rate of COr evolution
Rate of COr evolution rras detertnined as an indication of

microbial activities in the tested soii samples. Results in Table (3)
showed that the levels of CO2 erolution were affbcted by inoculation
and chemical fer-tilization . As expected, addition of biofertilizers in
cornbination with different doses of NPK stimulated CO2 evolution .

l'he nraximal CO: evolutions were recorded under treatments
inoculated with Ps..lluo. .which ranged from 59.4 to l0 mg CO2 /100
g soil/hr . While the corresponding figures for Bacillus spp were 28.6
to 7.3 under different NPK levels . With respect to NPK fertilization ,

the rates of CO2 evolution were increased consequently with the

increase of NPK levels within the studied doses . The average values
were 21.4.16.2. 13.3, 10.2, 10.0 and 34.2,25.7,20.5, 17.1 and
15.4 for 100% , 75% ,50o ,25 %o and0% NPKduringthetwo
grouth periods, respectively .

3.3. Yegetative growth
3.3.1. Plant height (em)

Data presented in -t'able (;1) show the effect of different
bacterial inoculation and'or different doses r'rf NPK on the height of
tornato plants Generallr speaking , plant inoculation rrith either
Boc'illus or P.seudomonus in combination with NPK fertilizer
signilicantir increased plant height as compared u ith non-inoculated
ones llowerer. the magnitude of this increase raried according trr

the dtrse t'rt'\PK applied regardless of the form of bacterial ry"pe.
f rcatnrent: rcccir inq. 150 o rit NPK gave ihe louest figures of'

pianr heiu.lil uhile l()tl'',, \['K trcatrnent showed the highest ones.
I hc5c results agree u ith {hose obtained b1 El-Beheidi et al .,( 1990 a

;rntl h t and Shahien t/ ttl..( 1994 ) . Regardless of the type of bacteria
.in,,e uialion had a positirc e{fect on plant height. this might be due
t(r e\e r!'ti()n t f sonte sr()\\tlt rcgulatirrg substances. Gibberellin-like
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substances in culture of Bac'illus megarherium (Hussain and
vancura, 1970) Baciilus subtiris (Katzenerson and Core.r965) and
Pseudomonas species ( Eklund . 1970) u,ere detected .

3.3.2. Plant weight (gm)
Data recorded in T'abre (5) showed the effecr of bacteriar

inoculation and / or different doses of NpK fertilizers on plant weight
. Treatments receiving different doses of NpK and inotulated ivith
either Bacillus or Ps. sp.produced higher weights than those of non-
inoculated ones . The highest figures were recorded w,ith B7 and p.r ,

sp. receiving 50oh,75yo a,d r00 % NpK . 'fhe stimuratory effect on
plant weight was affected by dose of NpK apprication . ih. high"rt
dose gave the highest weight These results agree with thoseof
Shibhila and Balakrishnan ( 1990).

3.3.3. Dry matter (Yo)

. .Th: percentage of dry matter of tomaro plant ( dr-r ueightol'
shoot/ olant x 100 ) as affected by biological and chemical
Fresh weight

fertilizers are illustrated in Table (6) . Dry matter was increased in
ascending order with increasing NpK rates up to r 0o% . In both
seasons' the combination between bacteria and NpK ( 50 % or r00%
) showed the highest increase These resurts agree with those
mentioned by Devlin (lg'r9). This ma1 be due to the increase of
photosynthesis process as a result of NpK application and bacterial
inoculation which supply smalr amounts of gibterellin which increase
leaf area and produce a grcater photostnthetic surface. Also.
increment by NPK application mar be due to the beneficiar erfecr
of N ,P and K u,ithin the planr .

3.3.4. Fruit weight 1gm.1
Results in Table (7) shorved the ettect of bio-fertilizc-rs &ntl r)r

mineral fertilizers of (NfrK) on tor.nat() tiuit *eiglrt -[he 
restrlrs

revealed that bacterial inoculation ctrnrbined rr ith NpK at rates ol'5()
% , 75% and 100% titirn rhe rec.rnrnended,lose:houed the highcsr
eff'ect regardless the trpc of hacterial inocLrlation.IL)\re\er. plarts
inocufated with Ba (Rut'illu: ,suhrilis) cornbineci rr irh ditl.ere,.,t .u,.s
gave the best fruit weight bci.g rn fhe arerage .l gl i a.d g-l.l enr
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effect regardless the type of bacterial inoculation [-lou'ever, plants

inoculated with Br (Bucillu-s subtilis) combined qith different rates

gave the best fruit weight being in the average of 82.5 and 84.3 gm

for the first and second seasons, respectively . These results agree

with those obtained by Agwah and Mahmoud (1994). This may be

due to increasing photosynthesis and increasing plant growth ( Ozhurt

et al .,1965) .

3.4. Yield and quality
3.4.1.Total yield

Data in Table (8) indicate that inoculation either with Bacillus

spp. or Pseudomonas isolates significantly increased total yield of
tomato over the non-inoculated ones regardless of the doses of NPK

applied . However, the magnitude of increase was affected by the lvpe
of inocula. Ba ( Bacillus subtilis ) followed by B, ( Bucillu's

megatherium ) gave higher effect than treatments inoculated with B

spp , while Ps3ftallophilic isolate ) was superior than treatments

receiving Ps2 . Total yield was increased with increasing NPK rates

when compared with the control . These results are in line with those

obtained by Shibhila and Balakrishnan ( 1990). The stimulatory effect

of biofertilization was increased by NPK application (50yo,75o/o and

100% from the recommended dose ). Finally, the highest total yield of
tomato was recorded under Ba and NPK at the rate 75% (15'8

ton/fed.) The favorable effects of biofertilizer and /or NPK ma1' be

referred to reduced fruit dropping during ripening(Wilocox. 1964 )

and lor supplying of grouth hormones produced b1' biof-ertilizer

application. Amara ( 1994) and Kavimandan and Gaur ( 197 I ) found

tiit Bacillus megatherium and Pseudomonas .fluore.\cens are two of
the bacteria decomposing organic phosphates'*'hich improred cr,.'rp

yield . Besides. Kumarasu'amy and Madalageri (1990 ) revealed that

the application of NPK at 50 % from the recommended dose u'ith

Azotobacter inoculation increased yield of tomato plants

3.4.2 Totat soluble solids (T.S'S %)
The results shor.vn in 'I'able (9). indicated that Pseurlttmtttttrs

(Ps7) was the besr of alltestetl bacterial tvpes when combined with

mineral f-ertilizers ( 1009i, NPK)tbr the tw'o seasons Generally

speaking , mineral fertilizers gare positive effect on I'.S.S 9f tgtnattr

with orwith out biofertilizer. being in the average of 6 l ' 5 7 ' 5'2 '
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5.1 , 4.5 and 5.9 5.4,5.1 ,5.3 and4.go/ofor l00o/o,75o ,soyo,
25% NPK in the first and second seasons, respectively . This may be
due to the influence of NPK application on photosynthesis and
respiration ( Ozbun et al ., 1965 and Devlin, l97g ). Also, patit and
Bo.iappa (1984) indicated that increasing application of NpK
increased flruit sugars .

3.4.3. Vitamin C content (mg/l00gm)
Results shown in Table (9) indicate significant effect of the

interaction between NPK application and biofertilizers treatments .

The highest effect was recorded with - plants inoculated with & and
& with 100% ,75oh ,50 % NPK for Bacillus spp and ps3 under the
same rates .These results agree with those obtained by Kumaraswamy
and Madalageri,lgg0 and Melton and Dufault, l99l .

3.5. Nlineral content
Data presented in Tables ( l0 and ll ) revealedthat total

nitrogen , phosphorus and potassium contents were increased in
tomato shoots with increasing NPK application specially when prants
were inoculated with bacteria . lnoculation with Bacitlus (,81 and.B3)
which are nitrogen fixing organisms increased the nitrogen
percentege. Inoculation with either Bacillus ( B2and Ba) orps3 which
are phosphate dissolving bacteria increased the phosphorus
percentage. Concerning the K percentage in plant, it was observed
that inoculation with Bacillus (Br and 85 ) increased K percentage if
compared with the other bacterial types Also, inoculation with
Pseudomonas ( PsyPs3 ) showed the same trend . NpK content in
tomato plants was significantly increased with increasing application
of NPK . This may be due to that increasing NpK rates which
enhanced NPK uptake and increased their content in plants . tn
accordance with these findings , nitrogen , phosphorus and potassium
application increased their uptake in tomato plants (Guo and Lu, l99l
and Al-Afifi et a1.,1993). The best results obtained with 87, Bz, Bs,
Ba and ^85 inoculation in addition to NpK application at rates of
50oh,75yo and 100% These results agree with thoseobtainedby
Amara and Dahdoh , (1997) .

Summing up, the effect of inculation with Bacillus spp and
Pseudomonas isolates alone or in combination with NpK rates
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enhance different plant characters i.e. plant highg plant weight, fruit
weight, total yield and its quality . Bacillus subtilis (B*) followed by
Bacillus megatherium(B2) combinod with 50% NPK from the
recomrnended dose recorded the highest effect on most parameters of
plant yield and quality. The avernge ofthetwoseasonswasl4.4,
13.4 ton/fed. , 91.2 ,85.0 grn , 6.0 ,5.2 o/o and 23.7 and 25.3
mg/l@gm for total yield , fruit weight , T.S.S and Vit.C, respectively
. On the other hand, Ps3 ( hallophelic isolate ) was the best among
Psetdomaws ieolates in combination with 50% NPK . The average
corrcsponding figwes were 13.0 todfed. , 80.2gm ,5Vo md24.l
ml100gm, rwpectivoly.

From tha present results , we can concludo that biofertilization

tomsb productiom by minimizing the use of chemical fertilizers doses

, rcaching 5$9o of full dose ofN, P and K.
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