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ABSTRACT ‘

Two field experiments were conducted in 2003 and 2004 seasons at El-Boston district (Ei-Hoseen village} 10 study the
influence of foliar application with a mixture of micronutrients : Mn, Zn, Fe, Cu and B (MN), a suspension of Azosobacter
{4z), a suspension of packing yeast (Sa) and the mixture of them (Mix} on nodulation, yield and some chemical constituents
of peanut {Arachis hypogea) plant (Giza, 3).

Data indicated that Mix treatment significantly increased number and dry weight of nodules. The dry weight of plant,
also, positively responded to this treatment. All treatments attained remarkable increase in nitrogen % of seeds and the
Azotobacter treatment gave the highest value. In addition, most of applied treatments exhibited increase in phosphorus % of
seeds, While, poiassium % did not significantly changed. Most of treatmenty increased Cu, Mn and Fe elements in plant
seeds and the treatments of Azatobacter and Mix recorded the highess values. The studied treatmenis increased seeds yield of
the plant. The spray with micronutrients and Azotobacter achieved the highest increases over wn-sprayed control. All the
applied treatments increased the net return (1. E/fed.). The highest net return was observed for spray with micronutrients

and Azotobacter. However, this point needs more extension studies for confirmation and development of the crop.
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INTRODUCTION

eamt plant is an important crop extensively

agricultured in Egypt, especially in new reclaimed
soils. Roots of the plants symbiotically associated with
nodule-forming N,-fixing bacteria (rhizobia) causing
enrichment to the soil with nitrogen. Since 1961,
Ruinen introduced the vital role of foliar epiphytes,
and in 1971 she reported that phyliosphere
microorganisms  supported dlmtrogenﬁxanon
Numerous microflora responsible for No-fixation in
soybean either symbiotically (Bessems, 1973) aor
asymbiotically (Freire, 1973) inhabitant phytiosphere.
Fokkema (1976) and El-Hosseiny and Rabie (1979)
concluded that phyllosphere microflora play an
important role in plant diseases and nutrition.

Mahmoud e af (1987) found that
phyllosphere of some medicinal plants contains large
numbers of different microorganisms. Their numbers
increased in summer than in winter. They found some
No-fixing microorganisms such as Azofobacter and
Closteridia,

A namber of yeasts were found also in
phyllosphere of Triticum vuigar like Rodoforulla
glutinis and Cryptococcus magnus ( Foda et al. 1988).
Subba Rao (1984) and Ahmed ef al.(1995) mentioned
that active dry yeast as a foliar fertilizer enhanced
growth and trees nutritional status. Shadia et al. (1998)
attributed the positive role of foliar application of
active dry yeast to its contents of different mutrients,
high percentage of protein, larger amounis of vitamin
B and patural plant growth regulators such as

Kinins.

In recent years the application of fertilizer fluids
has become more common. Liquid fertilizers are
generally easier to transport than solids ones and canse
less labor problem in handling and application
{Mengel and Kirkby, 1987). They reported also that
application is particularly useful under conditions

where nutrients uptake from the soil is restricted such
a8 Fe, Mn Zn and Cu.

Foliar application with micronutricnts has been
exiensively studied, although, the studics on peanut
literature on foliar application with microorganisms
and their combination with micro-nutrients were:
scarce. Therefore, the present investigation aimed to
study the effect of foliar application with
Saccharomyces cervisioe sohmion (Sa), Azotobacter
spp. culture (Az), a mixture of micronutrients: Mn, Zn
, Fe, Cu and B (MN) and their combinations (Mix) on
yield components of Arachis hypogea and some
chemical constituents of the plant seeds.

MATERIALS AND METHODS

Two ficld experiments were conducted in El-
Bostan  district, El-Hoseen village, Behara
Governorate, in winter seasons of 2003 and 2004.

The used microorganisms:

1- Saccharomyces cervisioe(Sa). was used as a
concentration of 1 g active dry yeast/L. with the rate of
200 liter/feddan (Shadia ef al., 1998). Viable counts of
active dry yeast was estimated using glucose nuirient
broth medium which averaged about
4 x 10'® cells/g yeast.

2-Azotobacter spp.(Az): was isolated and cultured
in laboratory of Microbiology, Sakha Agriculmral
Rescarch Station, Kafr-El-Sheikh, Sakha, using
Vancura and Mucura medium (1960): sucrose, 30.0 g,
K:HPO,, 0.16 g NaCl, 0.2g, MgSO.-7H;0, 0.2g,
C&CO:, 2.0g, FGSOAh 0.0058 N N3M04, 0.005, NaBO4,
0.005, distilled water, 1 Liter. The viable counts of cells
were 9.2 x 10° cell/ml of culture diluted to 9.2 x 10° at
application time, The Azofobacter (Az) was applied by
the rate of 200 liter of diluted culture/feddan.

Sakha Agricultural Rescarch Station, Microbiology Lab, Sakha, Kafr-El-Sheikh, Egypt
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3-Micronutriests (MN): Mn, Zn and Fe as
chelated compounds, Cu as CuSo, and B as boric acid.
All clements were mixed and applied as solution
contains 0.5 g of cach element in one liter of tap water.
The nutrients solution was applied at the rate of 200
liter/feddan.
Rhizobium spp. (Arachis): inoculum was propared in
Microbiology Lab., Sakha Agricultural Research
Station which cultured in yeast mannitol medium:

Manaitol, 10g, K2HPO,, 0.5g, MgSO,-TH,0, 0.2g ,
NaCl, 0.1g, yeast extract, 0.5g and distilled water, 1
liter (Somasegaran and Hoben, 1985). The viable
counts were about 1x 10° cells/ml of culture.

Seeds: variety of (Giza, 5).

Experimental soil: is a sandy soil and some physical
and chemical characteristics of it are presented in
Table 1.

Table 1: Some physical and chemical p rties of experimental soil,

Sand% Silt% Clay% Texture O.M.% pH EC, dSm™
93,44 6.56 - Sandy 0.42 7.92 0.33
Cations (lngll.) Anions (mg/L) Macro-nutrieats (ppm)

Na* Mg CQ;" JHCO; | CF Sos” N P K

0.62 0.86 0.17 - 1.24 016 1072 |9 16 122

The experiment was statistically designed as
complete randomized plot design with four replicates.
Plot area was 3x5 w’. The treatincnts were as follow:-
1-Contyol, un-sprayed,
2-foliar application with Saccharomyces cervasiae

(sa)!
3- foliar application with Azofobacter spp. (Az),
4-foliar application with micronutrienis mixture (MN),
3- foliar application with a mixture of them (Mix).

Seeds of all treatments including coatrol were
inoculated with peat-based inoculum contains
Rhizobium spp. (Arachis) , the viable counts of
rhizobia in the inoculum was about 3.3x10° CFU/g.
Peanut seeds were planted on ridges at 70 cm distance.
Seeds were sown in hills at 30 cm between plants.
Experimental plot contains 7 ridges, the two border
ridges were excluded from sampling. Irrigation was
carried out weekly with amount of water about 150 m’
by sprinkler method. All plots were fertilized with N,
P, K as ammonium sulphate, calcium super phosphate
and potassium sulphate at rates of 20 kg N/fed., 30 kg
P,Os/fed and 15 kg K Offed. respectively. The
calcium super phosphate was added to soil before
tillage, while N and K fertilizers were divided into five
doses (15 days between each one) and applied just
before irrigation. Weeds were controlled twice by
howing between each of them one month. Plants
sprayed with the experimented materials at 45 days of
growth and at flowering.

Plant samples were collected after 60 days
from sowing to estimate dry weight of plant (g/plant),
number of nodules per plant and dry weight of nodules
(#/plant). Al harvest, secds were coliected for yield
estimation (tons/fed.). Seed samples were collected for
chemical determinations, Seeds were oven dried at 70°
Cullwexghtstablhty then ground and packed in paper
bags prior to chemical analysis . Nitrogen was
estimated in seeds by micro-Kjeldahl method reported
by (A.O.AC. 1975). Phosphorus was measured

calorimetrically according to (Snell and Snell, 1967).
Potassium was measured by flame-photometer as
described by Richard ef al. (1945).

All  experimental data were statistically
analyzed by estimating analysis of variance (ANOVA)
as reporied by Steel and Torric (1980) using
IRRISTAT sofiware version 3/93 Biometric unit.
Duncan (1955) multiple range test was used (o
compare means at 0.05 level of probability.

RESULTS AND DISCUSSION
Number and dry weight of nodules, and dry weight
of plants: -
Data presented in Table 2 indicated that foliar
spray with Az and MN decreased number of nodules
compared to conirol. However the Mix treatment
exhibited consistent significant incrcases (408 and
444) compared to (349 and 314) for controls in first
and secomd seasons respectively. Dry weight of
nodules also increased by application of Mix and MN
treatments, But, spray with Sa and Az showed
decreases which mostly were significant compared 10
controls in both studicd seasons. Dry weight of plant
increased due to all studied treatments. The highest
values attained by the treatments of Mix (171.8
g/plant) in the first season and Sa (134 g/plant ) in the
second scason. The decreases in number and dry
weight of nodules caused by Sa and Az were
unexpected and could be attributed to the role of both
microorganisms in the phyllosphere as supplying the
plants with some of their requirements from nitrogen
and other elements which enhanced plant growth but
still  inadequate for nodulation process. This
explanation was supported by the data of Ruinen
(1971) and Besscms (1973) who staied that the
phyllosphere microflora support dinitogen fixation.
Active dry yeast was found by Ahmed ef ol.(1997) 0
contain different nutrients, large amouats of vitamin B
and natural plamt growth regulators such as cytokinins.
While, the positive influence of MN and Mix
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treatments could be related to the activated role of
micro-nutrients to nodulation process as well as
nitrogenase activity. In this connect, Rao ef al, (1978)
and Haque and Bunda (1980) reported that biological
nitrogen fixation might not be effectively preceded in
the absence of micro-nutrients. The absence of Cu
markedly depressed noduie development and N;-
fixation, because of the essential role of Cu in
carbohydrate biosynthesis, thus it has an indirect effect
in No-fixation, since Np-fixing nodules have a very
high demand for carbobydrates. In the present study,

the enhanced effect of foliar application with Sa, Az,
MN and Mix treatments on dry weight of plani were in
complete harmony with studies of many authors (Abd-
El-Maksoud et al, 1984, on micro-nuirients),
(Khalafalla ef al., 1984, on Azotobacter } and (Ahmed
et al. 1995 , on active dry yeast). The reasons of this
enhancement my be due to nutrienis and plant growth
hormones released from yeast, Npfixation of
Azotobacter and activated role of micro-nutricats w
most of the plant enzymes. :

Table 2: Number of nodules , dry weight of sodules (g/plant) and dry weight of peanut plant (g/piant)
as affected by foliar application with Azotobacter spp., Saccharomyces cervisiae, micro-
nutrients and their combinations through scasons 2003 and 2004.

Treatmeat | Number of mnodules per | Dry weight of nodules | Dry weight of plant

plant (g/plant) (g/plant)

2003 2004 2003 2004 2003 2004

Control 349b 3140 1.27bc 0.80b 80.87a 104.70b
Sa 333b 433¢ 0.95d 0.67b | 104.00cde 1340 a

Az, 179¢ 241ab 0.73¢ 0.57% 91.30abc 107.41b

MN 312¢ 247ab 1.60a 0.84b 125.90f 126.70ab

Mix 408a 444c 1.370 113a| 171.80g | 123.59ab

Sa: Saccharomyces cervasia ,

Az: Azotobacter spp.,

MN: micronuirients Mix: a mixture of them

Means followed by the same letiers are not significantly different according to Duncan's multiple test at

0.5 % level

N, P and K concentrations:

Data presented in Table 3 showed that all
treatments exhibited remarkable significant increases
in nitrogen percentages over the control. Foliar
application with Azotobacter (Az) attained the highest
values in the two growing scasons (4.83 and 5.43% ),
The differences mostly were significant especially in
the first scason of growth. These results were in
harmony with those of Abd-Ei-Maksoud ef al. (1984).
They found that foliar application with micronutrients
or micronutricnist Azotebacter increased protein
percentage in soyabean sceds. Khalafalla er al. (1984)
showed that phyllosphere enrichment with Azotobacter
. Micronutrients and Azotobacter + micronutricnts
raised nitrogen and protein contents of soyabean seeds.
This positive effect could be due to the beneficial
effect of Azotobacter as Ny-fixer ami phytohormone
producing (Ruinen, 1971 ). In addition, micronutrients
enhance function of most plant enzymes and improved
nodulation and Nyfixation (Rao, e o/ 1978 and
Mengle and Kirkby, 1987}, While Saccharomyces
cervasige contains a large amount of protein (34.87%)
as well as release of cytokinines (Shadia et al., 1998 ),

Data of Table 3 showed that most of foliar
application treatments with microorganisms and/or
micronutrients gave slight increases in phosphorus %
of peanut seeds. However most of these increases were
not significant. In contrast, different studied foliar
application treatments, mostly, exhibited slight
decreases in potassium % of peanut sceds. Mix
treatment gave insignificant increases throughout the
two studied seasons in potassium % giving 1.217 and
1.250 % compared to 1.170 and 1.221 % for contro}
treatments of first and second seasons, respectively.
Pazzar et al. (1965) concluded that the better growth of
plant and increase in seced yield by spraying micro-
nufrients might be due to increase in nucleic acid
phosphorus, phosphoprotein and phospholipids. While
the role of active dry yeast in enhancing P and K may
related o its own contents of different macro- and
micro-nutrients, high percent of protein, large amounts
of vitamin B and natural plant growth hormones such
ss cywokinins (Ahmed of al., 1997). In addition,
rhizosphere and phyllosphere microflora play an
important role in plant nutrition (El-Hoseimy and
Rabie, 1979).
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Table 3: Nitrogen, phosphorus and potassium percentages as affected by foliar application with
Azotobacter spp., Saccharomyces cervisiae, micro~ nuirients and their combinations

through seasons 2003 and 2004,
Treatment Nitrogen% Phosphorus % Potassium%

2003 2004 2003 2004 2003 2004
Control 4.20e 4.38a 0.182abc 0.182a 1.170ab 1.221ab
Sa 5.04a 432a 0.200a 0.200a 1,210a 1.163ab

Az 4.83b 5.43¢ 0.13%¢ 0.245a 1.127ab 1.235a
MN 4.38d 4.90bcd 0.150bc 0.200a 1.077 1.120ab

Mix 4.62¢ 4.56ab 0.225a 0.213a 1.217a 1.250a

Sa: Saccharomyces cervasia ,
MN: micro-mutrients,

Az: Azotobacter spp.,
Mix: mixwure of them

Means followed by the same letiers are not significantly different according to Duncan's multiple test at 0.5 %

level.

Concentrations of Cu, Mn, and Fe:

Data in Table 4 illustrated that most of
microbial and /or micro-nutrients ireatments increased
Cu concentrations in peanut seeds, especially in the
sccond season. The highest concentrations were
recorded due to application of Azofobacter and
mixture treatments, hence they attained 7.26 and 5.42
mgjgmlheﬂrslmsonandS?SandlZprmof
seeds in the sccomd season respectively,. Mn
concentration followed a similar trend , whercas most
treatmenis  especially of the second scason
significanily increased Mn concentration, Spray with
Azotobacter and mixiure achieved the highest records,
they attained 54.35 and 44.35 ppm in the first season
and 52.50 and 76.50 ppm of seeds in the second season
respectively. In addition, Fe concentrations followed a
similar trend, as the applied treatments gencrally
increased Fe concepirations in the seeds and the
differences were significant in the second experimental
season. Spray with Azotobacter attained consistent
high results (127.6 and 166.18) compared to (111.05
and 115.35 ppm) for un-treated controls in the first and
second scasons, respectively.

Zeinab (1996) indicated that foliar application
with chelated Fe and Zn gave cotresponding increase

of these elements in soybean plants. In similar study,
Kabeel et al. (l998)reponedthatfoliarspraywith
MgtFet+ZntMn increased these micronutrients in
leaves of pear trees. They attributed this to quick
absorption of sprayed elements via leaves. As well,
Amig ef al. (1998) reporied similar results on maize
plant. However Ali et al. (1995) found a negative
relationship between foliar application with Fe, Mn
and Zn and their concentrations in lupine seeds, they
attributed this influence to the increase in plant growth -
and thercby, dilution of these clements in the plant
tissues. On the otber hand, the enhancing effect of
foliar application with yeast may be duc to its bigh
contents of minerals particularly NP and K, and
certain nawmral hormones as well as soine vitaming
especially vitamin B. While the role of foliar
application with Azofobacter in increasing
micronutrients in peanut plams could be attributed to
the importance of Azotobacter as Ny-fixer in Np-
fixation as mentioned by Rauinen (1971) that
phyllosphere microflora supported N-fixation which
reflected on piant growth, in addition to providing
plant with a part of its nutritional requirements.

Table 4: Cw,mmmmmmmofmwpm)naﬁmedhyﬁhuappm
with Atotobacter spp., Saccharomyces cervisiae, micro-nutrients and their combinations

through seasons 2003 and 2004,

Treatment Cu (ppm) Mn (ppm) Fe (ppm)
2003 2004 2003 2004 2003 2004
Control | 5.07a 5.66b 37.35a 24.13b 111.05a 115.35ab
Sa | 4.76a 6.8%b 35.98a 28.1a 102.1a 109 88a
Az | 7.26dbc 8.78¢ 54.35abc 52.5b 127.6a 166.18¢c
MN | 4.185a 6.97¢ 36.18a 3l.6¢ 153.5a 157 48¢
Mix | 5.42a 12.79d 44.35a 76.5d 100.35a 183 85cd

Sa: Saccharomyces cervasia ,
MN: micro-nutrients,

Az: Azotobacter spp.,
Mix: mixture of them

Mcansfollowedbythcsamclenemamnotmgmﬁmﬂydxfferemamrmngmmnsmulupletestat

0.5 % level
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Seeds yield and net return (L.E./fed.):

The foliar application with different studied
treatments significantly increasexi sced yields of peanut
plants over un-treated control (Table, 5). These data
.also, indicated that there were no significant
variations among seeds yield of all different spray
treatments, except MN treatmuent in the second season
only, which surpassed their corresponding treatments,
In general, MN treatment consistently attained higher
seeds yield (23.4 and 11.2% over the control) in first
and second seasons, respectively.

Data of Table 6 illustrated average of some
economic evaluation parameters of the two studying
seasons. Data includes costs, value of seeds and net
reiurn (L.E./fed)). Net return is the most important
parameier considered here. Average of net retumn
achieved by all studied treatments obviously increased
over untreated control. Foliar spray with MN attained
the highest net return (2110 L E.fed.) followed by
spray with Az (1705 L.E./fed.) then spray with Sa
(1682.5 L.E /fed)) compared to 1367.5 L.E./fed. for
un-inoculated control.

Table 5: Seeds yield (tons/fed.) as affected by foliar application with Azotebacter spp., Saccharomyces

cervisiae, micro-nutrienty and their combinations through seasons 2003 and 2004,

Treatment Seeds yield (tons/fed) " The difference thun control
2003 2003 2002 2003
Control 2.82b 3.67hed — -_—
Sa 3.50¢ 3.49bc 24.1 -4.9
Az, 3.24bc 3.78bcd 149 3.0
MN 3.48¢c 4.08d 23 4 112
Mix 3.1lbc 3.84cd 10.3 4.6

Sa: Saccharomyces cervasia ,
MN: micro-nutrients,

Az: Azotobacter spp.,
Mix: a mixture of them

Means followed by the same letters are not significantly different according to Duncan's multiple test at

0.5 % level.

Table 6: Average of some ecomomic evaluation parameters for peauut plant sprayed with some

micronutrients and/or microorganisms,

Treatment | Fixed costs | Changed ‘Total costs | Total Net return | Increase than
(L.E./ffed.) | costy (L.E.fled.) | income (L.E./ifed.) } control
(L.E./ffed.) (L.E./fed) (L.E./fed.)

Control 3500 0.0 3500 4867.5 1367.5 —

Sa -1 3500 60.0 3560 5242.5 16825 315.0

Az 3500 60.0 3560 5265.0 1705.0 337.5

MN 3560 60.0 3560 5670.0 21100 742.5

Mix 3500 60.0 33560 3212.5 1652.5 285.0

Fixed costs (L E./fed.) include: field rent (500), irnigation (250), tillage (150), seeds (400), fertilizers (300),

herbicide control (900), harvesting (400), transporting (100), and yieid preparation (100).
Changed costs (L.E./fed.) include; Sa (20), Az (20), MN (20) and charge of spray (40)

Crop charge was 1500 L.E ffed.

The literatares on peanut plant are scarce, thus
we will relate our discussion on other plant species.
The significance of foliar application with
micronutrients, Azotobacter (as  Nq-fixing
microorganisms) and/or packing yeast on steds yield
has been confirmed by previous studies such as those
of Abd-El-Maksoud ef al. (1984), Mengel and Kirkby
(1987), Dale and Krystyana (1988), Ghash et al
(1995), Mukhopadhyay and Sen (1997) and Ali
(2001). Whereas, Abd-El-Maksoud ef al. (1984) siated
that inoculation of soybcan with Rhizobium +
micronutrients (as foliar application) gave high yield.
Shadia er al. (1998), also, reported that 2 glliter of
active dry yeast applied as foliar spray dusing
vogelative, and fruiting stages improved
yield of calyxes of Roselle plant. The spraying with
N:-fixing microorganisms (Klebsiella) increased yield

components of Nigela sativa and Trigonella foenum
graecum (Muckopadhyay and sen, 1997). The role of
micronutrients in plant meiabolism was discussed by
Mengel and Kirkby (1987) as they interacting in
enzymes functions and configuration, Fe functions in
enzymes systems in which haem or hacmin function as
prosthetic groups, Mn®" sharing in bridge ATP with
enzyme complex, Zn®" resemble Mn®*, it bridges about
subsirate, whiie Cu is a constituent of many enzymes
such as phenolase, superoxide dismutase, carboxylase,
oxygenase, cytocrom oxidasc and amine oxidase. It
was suggested that there is a specific requirement for
Cu in symbiotic Nj-fixation, whereas, Nj-fixing
nodules have a very high demand for carbohydrates
and Cu introduced in activating carbolydrate
mctabolism. Unlike many of essential plant nutrients,
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B is not a component of an enzyme. B has a direct
¢ffiect on sucrose synthesis rather than in transport of it
(Mengl and Kirkby, 1987). In recent study, El-Set ef
al. (2005) found that productivity of soybean improved
by inoculation with rhizobia in combination with 1000
pp citric acid + a mixtre of micronurients.

The positive role of active dry yeast was
suggested by Shadia ef al. (1998) which could be due
to its high contents with mincrals particularly N, P, K
and certain natural hormones (cytokinins). The
; of CO, rel | b f .
effectively stimulates photosynthesis and accelerates
biosynthesis of carbohydrates and facilitating stomata
opening as well as serving as wetting agent for the
spraying solution, As far, Subba Rao (1984) showed
that active dry yeast contains high amounts of vitamins
especially B which playing an important role in
improvin ing growth and controlling incidence of fungi

The positive role of spray with Azofobacter was
supported by studies of many investigators, whereas,
Ghosh er al. (1995) found that spraying Brassica
Juncea cv. plants with Kelbsiella three times increased
yield (29.4%) compared to control. The positive effect
of foliar application with Azofobacter as Ny -fixing
microorganisms might be due fto Nxfixed as
mentioned by Ruinen (1971) that phyllosphere
microffora supported dinitrogen fixation. In addition,

Azotobacter  produces phytohormones such as
cytokinins and gibberellins (Sprenat,1990) thus
promoted plant growth and yield.
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