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ABSTRACT

Impact of using of Saccharomyces cerevisiae either as foliar spraying
with extract of activated cells or as seedlings inoculation on growth characters
and yield of tomato plauts (Lycopersicon esculentum, Mill, c.v. Super Strain B)
was evaluated in two field experiments in the presence of inoculation with
nitrogen fixer (4zospirillum lipoferum Mn3) and phosphate-solubilizing bacteria
(Bacillus megaterium var. phosphaticum). Generally, the results revealed that
inoculation with any biofertilizer enhanced activities of dehydrogenase and
nitrogenase. Also, several plant parametcrs were stiinulated significantly as a
result of inoculation with Azespirillum alone or with phosphate dissolver referring
to control. Moreover, application of yeast cither as foliar spraying or scedling
inoculum enhanced the tested strains of N,-fixer and P-solubilizer, which led to
increases in growth parameters, mineral content as well as carbohydrate
concentration of tomato plant, fruit yield, T 8.8. and vitamin C in the fruits. The
data also show that application of yeast as foliar spraying cither without or with
biofertilizer inoculation caused further increments in all estimated parameters
except dehvdrogenase and nitrogenase activities that recorded the maximum
values by application of Saccharomvces cerevisiae as seedling inoculum with
Azospirillum and B. megaterium. Therefore, scedlings inoculation with
Saccharomyces cerevisiae or it’s application as foliar spraying in combined with
dual inoculation by nitrogen fixer and phosphate solubilizer can be recommended
to improve the plant growth and to increase the fruit quality and yield of tomato
plants.
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INTRODUCTION

In the last few decades, biofertilization has become a positive alternative
to0 chemical fertilizer (Wange, 1996). Azospirillum represcnts the best-
characterized genus of plant growth-promoting rhizobacteria. Azospirilla increase
vields of many crops by improving developnient of properly colonized roots,
increasing water and minersal uptake from soil and by btological nitrogen fixation
and biosynthesis of plant growth hormnones (Steenhoudt and Vanderieyden,



596 Annals Of Agric. Sc., Moshtohor, Vol 43(2), 2005

2000). A promising trend for increasing the efficiency of biofertilizers is the use
of different mixtures of biopreparations as Ny-fixers and phosphate-solubilizers
{(Okon and Labandera-Gonzalecs, 1994). Morcover, the effect of combined
inoculation with both nitrogen fixers and phosphate-solubilizers on yield and
nutrient accutnulation in plants was more sighificant than the effect of separate
treatments (Abou-Aly and Gomaa, 20023,

Spraying tomato planis by yeast increased plant growth, uptake of NPK
by tomato plants and increased numnber of clusters and fruit set percemage as well
as lotal yield (Abdel-Aziz, 1997). Morcover, plant inoculated with yeast had a
beneficial effect on tomato plant growih. also, presence of yeasts favours Lhe
proliferation of N,-fixing bacteria and other beneficial microorganisms in soil
(Armanios et al, 1991),

The purpose of this work is to study the possibility of using yeast cither
as foliar spraying or as inoculant in soil in stimulation of N;-fixer and phosphate-
solubilizing bactena to improve growth, yield and quality of tomato plants.

MATERIALS AND METHODS

The expennment was planted in the Agricultural Research Experimental
Center, Fac_ of Agric. Moshtohor. Zagazig Univ., during 2002 and 2003 seasons
to study the effect of application of yeast (Saccharomyces cerevisiae) as an
amendment for tomato plants either as soil inoculum or as foliar spraying and
evaluate its stimulative effect on mitrogen fixer (Azospirilium) and phosphate
dissolver (8. megaterium). Mechanical and chemical analyses of the experitnental
soil are presented in Table (1). Mechanical analysis was estimated according to
Jackson (1973), whereas, chemical analysis was estimated according to Black ef
al (1982).

Azospirillum  lipoferum Mn3  was provided from the Unit of
Biofertilizers, Fac of Agric., Ain Shamns Univ., Cairo, Egypt. While Bacillus
megatertum var. phosphaticurn (pure local slrain) was oblained from
Biofertilizers Production Untt, Soil, Water and Environment Res. Inst., ARC.
Giza. Egypl. Also, Saccharomvces cerevisiae was oblained from Agric,
Microbiol. Dept. Soil, Water and Environment Res. [nst | ARC. Giza, Egypt.

A heavy cell suspension of each culiure was prepared. Azospirillum
lipoferum was grown on semi-solid N-free malate mediuin (Dobereiner, 1978)
and B. megaterium on Buit and Rovira medium (1955) modified by Abdel-Hafer
(1966). While Saccharomyces cerevisiae was grown on yeast extracl mak extract
glucose medium YEMEG (Atlas, 1995). After 5 days of incubation at 30C.
microbial cells were separately suspended into sterile water to reach 10° cfu/ml.
The mixed inoculum was prepared by mixing equal volumnes of the desired cell
SUSpensLons,
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Table (1): Mechanical and chemical analyses of the experimental soil.
Mechanical analysis

. . . Scasons
Soil particies Unil 2002 2003
Coarse sand % 18.16 18.40
Fine sand Yo 13.38 14.19
Silt % 12.45 14.65
Clay % 56.01 52.76
Textural class Clay Clay
Chemical analysis
. Seasons
Parameters Unit 2002 2003
Org,a.nic matter % [ 1.85 198
Total nitrogen % 0.30 0.32
Total pliosphorus % 0.15 0.17
Total potassium % 0.50 0.56
Iron ppm 28.3 23.0
Zing ppm 2.90 3.60
Manganese ppm 17.30 18.80
Copper ppm 2.07 2.53
CaCO, % 0.52 .45
pH | 819 8.13

Yeasl as foliar spraying

A technique allowed veast cells (Saccharomyces cerevisiae) 1o be grown
and multiplied efTiciently on YEMEG medium was used for 5 days on a shaker at
30°C to produce beneficial bioconstituents, hence allowed such constitucnts to
release out of veast cells (Spencer er al, 1983). Two cycles of freezing and
thawing for disruption of yeast cells and releasing their content were done. Yeast
extract was used as a foliar spraying due to the well established its enhancement
effect upon growth and development of many planis (Fathy ef af, 2000). Foliar
spray was applied in three times by 20 davs intervals (20, 40 and 60 days after
transplanting) using 200ml/L of yeast extract per cach plot. The untreated plants
were spraved with tap water.

Inoculation process

Seeds of tomato were sown, and the scedlings were transplanted after 30
dayvs from sowing Tomato seedlings were successively washed with water and
were souked in heavy cell suspension of Azospirillum lipoferum. B megaterium
and Saccharomyvees cerevisiae individually or mixed cultures for 30 nun. Arabic
gum (10%) was added as an adhesive agent prior to inoculation. In uninoculated
reatmenis, seedlings were treated with uninoculated media. In addition, over-
head soil technigue was carried out using freshly prepared suspensions of either
individual or mixed culture, which spread on soil surface adjacent to the seedlings
at a rate of 1L of the inoculuin (containing 10° cfivl) per each plot. This
application was added three times during the growt penod up to the flowerning
stage (15, 30 and 45 days afler transplanting)
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The seedlings were transplanted on 19" and 23™ of March in 2002 and
2003 seasons, respectively in rows 2.5m long and 1m wide. There were three
rows as replicates in each plot. the total area of the plot was 7.5m* (2.5m=3m).
The treatments were arranged in a complete randomized block design.

Calcium superphosphate (15 5% P,0s) and potassium sulphate (48%
K;0) were added at the rates of 300 and 200 kg/fed respectively before
transplanting for all treatments. While ammoniumy sulphate (20 5% N) as N-
fertilizer was added at a rate of 400 kg/fed in three equal doses at 30, 45 and 60
days after transplanting for all treaunents cxcepl Azosmirifflum treatments that
received half dose of nitrogen fertilizer The other normal agricultural treatments
of growing tomato were practiced according to their standard recommendations.

Sampling and determinatioas

Alter 30, 60 and 90 days of transplanung. representative soil samples
from rhizosphere of tomato plants were taken. The samples were analvzed for
dehydrogenase activity according to the method described by Casida er al (1964)
while nitrogenase activity was estimated according to Hardyv ef al (1973).

Alter 70 days of transplanung. plant heiyghi. number of branches and dry
matter were estimated Total carbolwdrates were determined by using phenol-
snlphuric acid method described b Dubois ef al (19536). Total nitrogen,
phosphorus  and potasstum  were esumated in the plants according to
inicrokjeldahl method (A.O.A.C., 1990, APHA (1%92) and Dewis and Freilas
(1970), respectively.

Yield and quality

At harvest. number of fruits/plant. vield/plant (g) and total vield
(ton/fed.) werc recorded. Also. 1otal solubic solids (T §.5)) was measured in the
Juice of tomato fruits by using a hand refractomerer, while vitarun C {mg/ 100 il
juice) was determined according to (he method described by A O A.C (1990),

RESULTS AND DISCUSSION

Enzymatic activities
-Dehydrogenase activity

Changes in dehvdrogenase actvity were deternnned as indication of
mucrobial activities in the iested soil samples Data presenied tin Table (2) show
that dehyvdregewise activity differed botween plune growth stages and varied
sigmficantly botween ineculation treatnients The oonbined inoculion with
Azospirillum and B megaternon increased the actny of ensyme more than
individual inoculation at all growth stages Alse. application of Saccharomyvees
cerevisiae extract as foliar spraving recorded a shgiit mereases in dehydrogenase
activity than the (reatments without yeast Moreover, the highest values of the
dehvdrogenase activity was obscnved in the plamts that inoculated wath
Saccharomvees cerevisiae w the presence of Azospirdium and B. megaterium,
this may be due to the stimulaung effect of the vecast on the rhizosphere
microorganisms. Meanwhile, deliydrogenasc activity is positive correlated with
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the number of soil microorganisms that release carbon dioxide in the rhizosphere
which decrease soil pH, this process increase nutrient uptake and availability of
the nutrients in the rhizosphere. This could be attributed to the supply of NPK that
release with inoculation by ycast and biofertilizers (Armanios ef a/, 1991 and
Solaiman er al, 2003).

-Nitrogenase activity

The values presented in Table (3) indicated that nitrogenase activity was
affected significantly with all microbial inoculation. Nitrogenase activity was
high at the second stage (after 60 days from transplanting) then decreased
gradually with plant age. A combination of Azospirillum and PSB resulted in
significant increase in acetylene-reducing activity with all yeast applications than
individual inoculation. Incculation with a mixed culture of Azospirilfum, B.
megaterium and Saccharomyces cerevisiae resulled in 2 maximum increase in
nitrogenase activity compared to foliar spraying and uninoculated with yeast
treatments. Seedling inoculation with Saccharomyces cerevisiae cells may be has
the potential for enhancing the native and the effective strains of nitrogen fixers
by exudation of carbon compounds that have special importance to the growth of
nitrogen fixing microorganisms (Tuladhar and Subba Rao, 1985 and Omar and
[smail, 2002).

Plant growth

Plant height, number of branches and dry matter of tomato plants were
proportional to the plant growth after two months from transplanting. Results in
Table (4) show that increases in growlh characters were observed with the
different inoculation treatments. Significant increases were observed in growth
characters of tomato plants that inoculated with Azospiri/lum and P-solubilizer in
the presence of Saccharomyces cerevisiae inoculam. The enhancing effect of the
yeast inoculation on cnzywatic activities in the rhizosphere with the same
trecatments (Tables 2 and 3) may explain the increase in plant growth. Also,
enharcement of plant growth by inoculation with Saccharomyces cerevisiae may
be atiributed 10 its capability to produce ethylene in the rhizosphere region of
plant that enhances plant root distribution (Arshad and Frankenberger, 1989).
Moreover, maximum values of plant height, number of branches and dry inatter
of plant were recorded in the treatment that received foliar spraying by yeast
extract in the presence of dual inoculation with Azospirillum and B. megaterium,
Obtained results could be expected since used biofertilizers enhanced the plant
growth. The effect of inoculation with 4zespirillum on root morphology and
development, uptake of nitrogen and other ininerals and hormone supply to plants
have been suggested as factors contributing to growth responses (Krol, 1999).
Alsn, yeast extract as a natural source of cytokinins might enhance cell division
and enlargement so far increasing leaf surface arca as well as enhancing the
accumulation of soluble metabolites (Fathy er af/, 2000). In the same trend, yeast
is considered as a natural source of Bs vitamins and most of the essential
clements (Nagodawithana, 1991).



T able 2. Effect of inoculation with Azospirillum and phosphate solubilizing bacteria (PSB) under different
applications of yeast on dehydrogenase activity (ul DHA/g soil/day) in rhizosphere of tomato plants.

009

Treatments 30 days 60 days 90 days
2002 2003 2002 2003 2002 2003
Without yeast applications
W ertilized control 11.55 16.51 24.67 32,79 15.43 25.39
~zospirillum lipoferum 13.80 18.44 3033 3348 20.65 26.61
~4zospirilium + PSB 13.90 24.53 40.89 56.75 34.26 41.57
Foliar spraying with yeast
WFertilized control 12.06 18.03 27.87 3391 16.72 25.39
~zospirillum lipoferum 15.94 28.42 33.41 47.90 23.57 37.42
~Azospirillum + PSB 18.15 29.35 40.82 61.67 27.79 42.41
- Seedlings inoculation with yeast
Wrertilized control 2325 26.95 3195 39.19 29.68 36.28
~Azospiriffum lipoferum 30.71 35.23 39.71 57.45 32.33 41.67
~Azospirillum + PSB 25.40 38.48 5241 72.54 42.32 47.63
L.S.D at 5% 1.81 2.74 3.82 2.55 3.30 2.29
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Table 3. Effect of inoculation with Azospirillum and phosphate solubilizing bacteria (PSB) under different
applications of yeast on nitrogenase activity (n mol C;H,/g plant/h) in rhizosphere of tomato plants.

30 days 60 days 90 days
Treatments
2002 2003 2002 2003 2002 2003
Without yeast applications
Fertilized control 1538 16.79 32.15 37.45 10.73 21.84
Azospirillum lipoferum 51.62 67.92 83.76 95.37 56.52 67.18
Azospirilium + PSB 72.96 106.75 110.40 157.09 68.67 91.77
Foliar spraying with yeast
Fertilized control 19.02 23.16 28.56 31.76 12.39 15.34
Azospirillum lipaferum 93.28 82.18 97.04 119.22 60.32 65.87
Azospirillum + PSB 85.12 112.46 121.63 168.49 81.86 97.96
Seedlings inoculation with yeast B
Fertilized control 2743 2425 52.87 43.92 20.07 26.47
Azospirillum lipoferum 132.85 16491 197.61 172.12 87.70 94.47
Azospirillum + PSB 138.61 163.65 206.29 213.07 10733 12315
L.S.D at 5% 3.27 6.25 11.52 10.44 3.53 393

- ug suonpoyddy psvaf auiog JO 192ff5 deojppmiuys
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Table 4. Growth characters of tomato plants as affected by inoculation with Azospirillum and phosphate

solubilizing bacteria (PSB) under different applications of yeast after 60 days from sowing

Plant height No. of Dry matter
Treatments (cm) branches (%)
2002 2003 2002 2003 2002 2003
Without yeast applications
Fertilized control 39.60 40.10 8.89 10.37 19.06 23.95
Azospiritlum lipoferum 40.59 41.28 924 12.06 2237 26.71
Azospirillum + PEB 47.42 43.63 10.26 13.96 25.37 31.41]
- - F olia; spraying with yeast N
Fertilized contro!l 49.60 44 .47 12.64 13.00 21.94 31.90
Azospiritlum lipoferum 52.40 55.39 12.97 12.64 25.61 37.40
Azospirillum + PSB 56.61 53.29 14.58 16.34 35.21 42.28
- - o Sec‘c;lingsr inoculation with yeast
Fertilized contro!l 42.52 43.26 11.46 11.35 2243 29.85
Azospiritlum lipoferum 45.65 48.33 11.72 13.00 23.08 3572
Azospirillum + PSB 51.14 50.94 12.45 15.64 32.74 40.18
L.S.D at 5% 2.42 3.00 0.93 1.53 1.69 2.11

209
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Chemical constituents of tomato plant

Total carbohydrates and mineral contents (N, P and K) in lomato plants
showed similar trend 1o those recorded in growth characters. Data in Table (5)
revealed that treating tomatoe seedlings with the tested strains either singly or in
combination caused significant increases of total carbohydrates as well as mineral
content except for the conceniration of potassium in both seasons. Remarked
increases were obtained when plants were inoculated with yeast especially in the
presence of Azospirillum and B. megaterium. This may be due to the interaction
between the three tested micreorganisms that may be increased the amnount of
growth promoting substances which is mainly responsible of increased dry weight
and the consequent increase in chemical constituents. These data are in hannony
with Armanios (1991). It is worth noticed (hat, the highest scores of chemical
constituents were observed as a result of foliar spraying wilh yeast extract in the
presence of dual inoculation with Azospirillum and B. megaterium. The beneficial
effect of Lhese microorganisms on nutrient uptake may be attributed to the
promoting effect of PSB and N-fixer and the synergistic effect of the yeast
extract. Moreover, a stimulative effect for foliar spraying wilh yeast was also
reported by Abdel-Aziz (1997) who mentioned that spraying tomato plants with
yeast increased the content of N, P and K as well as their uptake per plant.

Yield and its components

Data presented in Table (6) show that there were significant increases in
the fruits number and yield components in both seasons when the plants were
inoculated with Azospirilfum and B. megaterium. This freatment gave increases in
total yield by 27.84% and 12.05% over the control in the two seasons,
respectively. Also, addition of Saccharomyces cerevisiae inoculum in the
presence of No-fixer and P-solubilizer increased tolal yield by 36.84% and
39.36% over the control in tlie two scasons, respectively. Thesc increases may be
attributed to the beneficial effects of Ny -fixer. Also, PSB can be decompose
organic and insoluble phosphales by utilizing organic compounids as carbon and
energy source and produce organic acids that solubilize insoluble phosphaie.
which improved crop yicld. Furtherinore, veast has beneficial cffect on
dehydrogenase and nitrogenase activities, growth characters and mineral content
that recorded in the samnc treatment in this work (Tables 2, 3, 4 and 5). On the
other hand, interaction between biofertilizers and foliar spraying with yeast
cxtract gave inaximuin relative increase of total yicld (39.09% and 42.01%) over
the cortrol in the two seasons. These resulis are in good line with those of plant
growth and fruits number. Furthermore, yeast via its cytokinins conlent and the
high content of vitamin Bs and minerals might play a role in oricntation and
translocation of mctabolites from leaves into the reproductive organs, also, it
aight play a role in the synthesis of protein and nucleic acids and minimized their
degradation (Natio er al. 1981). All of thesc attributes might lead to the
improvement of tomato yield.



Table 5. Effect of inoculation with Azospirillum and phosphate solubilizing bacteria (PSB) under different
applications of yeast on total carbohydrates and minerals concentrations of tomato plants.

¥09

Total Nitrogen content Phosphorous Potassium content
Treatments carbohydrates (%) (%) content (%) (%)
2002 2003 2002 2003 2002 2003 2002 2003
Without yeast applications
Fertilized control 55.45 58.07 2.17 2.68 0.391 0.331 211 2.53
Azospirillum lipoferum 58.39 63.84 2.75 3.21 0.412 0.451 2.54 2.85
Azospirillum + PSB 6435 67.81 2.88 3.36 0.488 0.489 232 2.67
Foliar spraying with yeast
Fertilized contrel 64.97 65.94 3.06 345 0.411 0.430 3.02 2.63
Azospirillum lipoferum 67.05 68.72 324 3.60 0.428 0.461 2.98 2.94
Azospirillum + PSB 71.52 70.73 3.65 3.95 0.527 0.563 3.14 3.08
Seedlings inoculation with yeast
Fertilized control 60.57 62.52 3.1 3.18 0473 0.496 2.18 2.64
Azospirillum lipoferum 64.28 67.88 3.42 3.53 0.505 0.540 2.67 2.58
Azospiriflum + PSB 69.76 72.59 3.81 3.68 0.514 0.526 2.81 2.87

L.S.D at 5% 1.65 1.74 0.21 0.18 0.062 0.055 NS N.§
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Table 6. Effect of inoculation with Azespirilium and phosphate solubilizing bacteria (PSB) under different
applications of yeast on yield and its components of tomato plants.

Number of fruits/ Yield / plant Total yield % Relative to the
Treatments plant (g) _(ton/fed.) control
2002 2003 2002 2003 2002 2003 2002 2003
- Without yeast applications
Fertilized control 12.69 15.71 1015.6 1257.5 11.172 13.832 0.00 0.00
Azospirillum lipoferum 15.75 17.09 1260.0 1367.6 13.860 15.043 24.06 8.75
Azospirillum + PSB 16.02 18.06 1298.1 1409.0 14.280 15.499 27.81 12.05
Foliar spraying with yeast
Fertilized control 14.61 17.24 1183.6 1396.9 13.020 15.362 16.54 11.06
Azospirillum lipoferum 15.89 20.71 1296.2 1537.8 14.274 17.298 27.76 25.52
Azospirillum + PSB 17.01 21.50 1412.7 1785.8 15.540 19.643 39.09 42,01
Seedlings inoculation with yeast
Fertilized control 14.98 17.12 11989 13332 13.188 14.665 18.04 6.02
Azospirillum lipoferum 15.59 18.78 1279.0 1458.5 14.070 16.043 25.93 15.98
Azospirillum + PSB 17.59 20.36 1389.8 1752.5 15.288 19.277 36.84 39.36
L.S.D at 5% 1.28 1.08 4232 36.22 0.684 0.845 - -

* ug) suonpoyyddy ysvag awog JO) 102ff Liopinuyg

S09



606 Annals Of Agric. Sc., Moshtohor, Vol 43(2), 2005

Fruit chemical constituents '
According to the results in Table (7), total soluble solids (T.S.5.) and

vitamin C were significantly increased with the different inoculation treatments.
Inoculation with Saccharomyces cerevisiae in combination with Azospiriffum and
B. megaterium improved the fruit quality than individual inoculants or
uninoculated treatments. In addition, tetal soluble solid and vitamin C in fruit
juice recorded maximum values in the treatment that received foliar spraying with
yeast extract in the prescnce of dual inoculation with Na-fixer and P-solubilizer.
The stimulative effect of foliar spray with yeast on fruit quality was also reperted
by Abdel-Axiz (1997).

Table (7): Effect of inoculation with Azospirillum and phosphate solubilizing
bacteria (PSB) under different applications of yeast on chemical
constituents of tomato fruits.

Total soluble solids Vitamin C
(T.5.8 %) (mg/100 ml juice)

Treatments 2002 2003 2002 2003

Without yeast applications
Fertilized control 3.0 3.6 23.76 24.48
Azospirillum lipoferum 3.5 4.7 25.92 25.20
Azospirillum + PSB 4.3 4.9 26,12 28.08

Foliar spraying with yeast
Fertilized control 4.0 4.8 25.20 26.64
Azospirillum lipoferum 4.5 55 29.16 30.96
Azospiriltum +PSB 5.1 6.0 30.24 33.12

Seedling inoculation with yeast
Fertilized control 4.0 4.5 25.20 25.92
Azospirillum lipoferum 4.0 4.5 26.28 27.36
Azespirillum + PSB 5.0 5.0 28 80 31.68
L.S.D at 5% 0.37 0.43 1.85 1.14

Ii can be concluded from the obtained results in this work that tomato
plants responsible to inoculation with N;-fixer and P-solubilizer that was
compatible with half dose of recoinmended N-fertilizer. Of interest in the present
study was using Saccharomyces cerevisiae as a natural source of phytohormones,
Bs vitam ins and most of the essential elements in the foliar spraying application
and comparison of its effect as seedlings inoculation on the growth and yield of
toiato plants. There was a marked useful effect of both systern especially in the
presence of Na-fixer and P-solubilizing bacteria than using biofertilizers without
yeast.
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