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Effect of Salicylic acid, Biofertilization and
Sowing Dates on Peanut (Arachis hypogaea L.)
Yield under Semi-arid Conditions
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Dept., Desert Research Center, EI- Matareya, Cairo, Egypt.

WO FIELD experiments were carried out in EI-Kharga Experimental

Farm of Desert Research Center, Al- Wadi Al- Gadeed Governorate
ina sandy clay loam soil, during two summer seasons of 2010 and 2011 to
study the effect of salicylic acid application, biofetilization and sowing
dates on yield and its components, and the chemical composition of peanut
(Giza, 6 cultivar).

The study included four levels of salicylic acid, i.e., zero salicylic
acid, 100, 150 and 200 ppm salicylic acid(SA), four different
biofertilization treatments, i.e., without biofertilization (Br), Bacillus
megatherium (PDB),Pseudomonas fluorescence (PS) and mixed
biofertilization treatment (PDB+PS), Rhizobia was applied as base
treatment and three sowing dates: April 20", May 15" and June 10" .
The studied factors were arranged in a split- split design with four
replications, where sowing date constituted the main plots, salicylic
acid was arranged in the sub plots and biofertilizations were occupied
sub-sub plots.

Based on yield and yield components data, it was concluded that the
early sowing (April 20") produced the highest significant parameters of
peanut plants; plant height, weight of pods per plant, number of pods per
plant, 100-seeds weight, pod and seed yields and protein and oil yields. On
the reversethe lowest values were obtained at late sown (June, 10“‘)
throughout the studied two seasons (2010 and 2011). Early sown gave the
chance of growing plant to complete all of its physiological processes
(vegetative and reproductive processes) at proper time than that of late
sown. Delaying of peanut sowing till (June, 10") caused a decline in all of
the studied parameters throughout the studied seasons. Increasing SA
levels from 100 to 200 ppm increased significantly all the studied
parameters as compared with control in the studied two seasons. Mixed
biofertilization treatment had a significant effect on yield and its
components as compared with the single biofertilization treatments. Also,
biofertilization treatment resulted in higher values of soil microbiological
properties, i.e. total microbial counts, counts of phosphate dissolving
bacterial (PDB), Pseudomonas count and nodule characteristics.

Keywords: Sowing times, Salicylic acid, Biofertilization, Heat stress
conditions, Peanut .
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Desert land of the New Valley region offers opportunities for agricultural
expansion. It represents 44% of the total area of Egypt covering about 3.3 million
fad (Salem, 2008). However, the cultivated area does not exceed 9981 faddan,
mainly occupied by field crops and depends on ground water irrigation. Peanut is
a crop which offers potential for the area both for oil (40-50%) and stock feed
(30-50% proteins) (Hatam & Abbasi, 1994). There is a need for optimization of
the peanut production system in this desert land area particularly with respect to
possible improvement of the microbiological environment.

A Significant increases in peanut yield can be achieved by early or late of
planting (Baldwin, 2005), with a previous study indicating that early planting
produced 20% to 50% greater pod yields than late planting (Naab et al., 2004;
Laurence, 1983: Mozingo et al., 1991 and Bala et al., 2011). The yields of plant
components (pod and seeds) and their respective rates, as well as flower, peg and
pod numbers were significantly affected by planting date (Kasai et al., 1999).
Frimpong (2004) reported that plant height, biomass, and pod vyield were
significantly affected by planting date and environmental factors.

Growth regulators are one of the most important factors for yield improvement
in various field crops (Ali & Mahmoud, 2012). Salicylic acid, (SA) (2-
hydroxybenzoic acid) as a natural plant hormone has many effects on physiological
processes and growth plants (Khan et al., 2003) and development and plays an
active role in plant defense responses (Janda et al., 2007). Exogenously added SA
also increased the heat tolerance of mustard (Dat et al., 2000). It occurs naturally in
plants in low amounts and has been shown to promote nutrient uptake, chlorophyll
synthesis, photosynthesis and protein synthesis (Khan et al., 2003 and
Sakhabutdinova et al., 2003). Salicylic acid may be a prerequisite for the synthesis
of auxin and / or cytokinin (Metwally et al., 2003). Furthermore, SA has an
important role in tolerance of some environmental stresses such as heat, salts and
drought stress (Khan et al., 2003 and Hussein et al., 2007). Foliar spray of
salicylic acid as a 100 ppm concentration increased number of pod/plant, number
of seed /pod, seed weight/plant and seed green gram yield/ ha (Sujatha, 2001).
Naturally, most sandy soils are low in organic matter and nutrient content that
means adding foliar fertilizers is much more essential to plants which will be
cultivated in the last few decades, foliar fertilizers are used not only to give great
yields or to improve the quality of crops but also to compensate the deficient soil
nutrients, particularly in sandy soils due to the vertical expansion in agriculture
(Ali & Mahmoud, 2012).

Biofertilizer, an alternative source of N-fertilizer, especially rhizobia in
legume symbiosis is an established technology. Use of the biofertilizers can also
prevent the depletion of the soil organic matter (Jeyabal & Kuppuswamy, 2001).
Inoculation with bacterial biofertilizer may reduce the application of fertilizer-N
by increasing N uptake by plants (Choudhury & Kennedy, 2004; Kennedy et al.,
2004 and Mia et al. 2005, 2007). Nitrogen fixation and plant growth
enhancement by rhizosphere bacteria might be important factors for achieving a
sustainable agriculture in the future (Baset Mia & Shamsuddin, 2010)
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Soil microorganisms can fix atmospheric nitrogen, soluble phosphate, affect
plant growth through synthesis of growth promoting substances and enhance
the decomposition of plant residues to release vital nutrients and increase
humic content in soils. Thus addition of these to cropping soils may be an
environmentally benign approach for improved nutrient management and
ecosystem function (Wu et al., 2005 and Kaci et al., 2005). Possible options for
improving peanut nutrition include Bradyrhizobium (N nutrition) and
Pseudomonas (P nutrition). Peanut (Arachis hypogaea L.), Family
Leguminosae is usually nodulated by rhizobia of the genus Bradyrhizobium as
demonstrated by Van Rossum et al. (1995): Rhizobia are symbiotic bacteria
which fix atmospheric nitrogen into ammonia. Phosphate solubilizing bacteria
have the ability to increase the available phosphorous for plant through
production of organic acids (Mehana & Farag, 2000). The microorganisms
involved in P solubilisation can enhance plant growth by increasing the
efficiency of biological nitrogen fixation, enhancing the availability of other
trace elements and by production of plant growth promoting substances
(Gyaneshwar et al., 2002). Fluorescent Pseudomonas spp. strain 267 promoted
growth of different plants under field conditions and enhanced symbiotic
nitrogen fixation in clover (Marek-Kozaczuk & Skorupska, 1997).

Therefore, the present work aimed to extend investigate the existing
information on the benefits of early sowing to study the effects of levels of
salicylic acid and types of biofertilization and their interactions with sowing dates
on vyield, yield components and chemical composition of peanut plants grown
under New Valley conditions of Egypt.

Materials and Methods

Two field experiments were carried out at the Agricultural Experimental
Farm of the Desert Research Center at El-Kharga Oasis, New Valley
Governorate of Egypt. The major portion the El-Kharga Oasis site is between
longitudes 28" 48" and 29° 21-° E and latitudes 25° 28 and 25° 44- N). The
experiments were carried out during two successive summer seasons of 2010 and
2011 to study the response of peanut, cv., (Giza, 6) to sowing dates (April 20",
May 15" and June 10™) and salicylic acid foliar application (zero salicylic acid,
100, 150 and 200 ppm) and four different biofetilization treatments
(Bradyrhizobium as base for all treatments, Bacillus megatherium (PDB),
Pseudomonas fluorescence (PS) and mixed biofertilization treatment (PDB+PS).
The physical and chemical properties of the soil before cultivation are presented
in Table 1, chemical analysis of irrigation water in Table 2 and temperature of
the site 2010 and 2011 according to Meteorological Station at New Valley in
Egypt in Table 3.
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TABLE 1. Some Physical and Chemical characteristics of the studied soil .

Mechanical analysis

Sand Clay Silt Soil texture
51.5% 30.4% 18.1% Sandy clay loam
Chemical analysis
pH EC T.N Cations (me/l) Anions (meg/l)
ds/ml
ca” | Mg”?| K" | Na' | co;? |HCO?®| cI | so,?
832 | 24.8 | 100ppm | 400 | 3.25 | 1.66 | 15.79| 0.00 12 |180]| 55

Trace elements (ppm)
Zn Mn Cu Fe B
5.97 4.03 1.79 33.08 0.56

TABLE 2. The chemical analysis of irrigation water .

pH ECds/ml Units Ca* Mg *? Na * K*
7 676 ppm 31.89 10.80 1.33 19.40
Units CO,? HCO5 S0, Cl-.
ppm 0.00 64.06 30.87 36.97

TABLE 3. Temperature of the site 2010 and 2011(Meteorological Station at New
Valley in Egypt) .

Mean temperatures ( C) Mean temperatures ( C)

Month 2010 2011

Max Min Mean Max Min Mean
April  1%-10" 34.71 18.41 26.52 30.23 13.49 22.53
April  11-20" 37.28 18.93 28.78 3291 16.83 24.89
April  21-30" 34.65 18.85 27.17 34.59 18.20 26.81
May 1%-10" 37.58 18.31 28.99 36.90 20.28 28.93
May 11-20" 39.13 22.88 31.14 35.02 19.67 27.98
May 21-31% 38.16 23.56 30.29 39.97 24.66 32.77
June 1¥-10" 40.34 24.59 33.16 39.64 26.78 33.22
June  11-20" 41.44 25.49 30.44 38.68 23.82 3177
June 21-30" 42.98 26.29 35.32 38.95 24.35 32.02
July 40.47 26.56 34.28 42.02 25.87 34.56
August 42.14 26.33 35.14 40.63 24.58 33.31
September 39.39 24.59 31.88 37.83 21.38 30.51
October 37.22 21.69 29.53 33.28 19.99 26.38

Assay of biochemical activities in vitro

The ability of the tested microbial isolates to produce biochemical activities
was evaluated under in vitro conditions, through determination of their efficiency
to solubilize phosphate (Nautiyal, 1999), produce of growth regulators (Rizzolo
et al., 1993), carry out nitrogen fixation (Scholhorn & Burris, 1967), produce
enzymes (Barrow & Veltham, 1993), produce antibiotics (Jarlier et al., 1996) and
produce total carbohydrate (Cherry, 1973).
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Peanut (Arachis hypogace L.) cv., Giza 6 was inoculated just before sowing
with the specific bacterial inoculants. Seeds of peanut were sown on three sowing
dates (April, 20", May, 15" and June 10™) with two successive seasons 2010 and
2011.

Seeds of peanut were washed and immersed for 30 min in liquid culture of the
specific bacteria to be tested. Carboxymethyl cellulose (CMC 0.5%) was used as
an adhesive agent. Seeds were then dried at room temperature for two hours.
Fresh liquid cultures 48 hr old containing pure local strains of Bradyrhizobium
(Br), Bacillus megatherium var. phosphaticm (PDB) and Pseudomonas
fluorescens (PS), previously isolated from the rhizosphere of soils of New Valley
region were used. These had been purified and identified according to Bergey's
Manual (1984). They were used as biofertilizers in the form of single and mixed
inoculations at the rate of ~108 cfu/ml.

Plants were sprayed with distilled water (control), 100, 150 and 200 ppm, of
salicylic acid dissolved in distilled water. All solutions were sprayed to the shoots
uniformly using a hard-pump sprayer.

Normal cultural practices for peanut were applied as recommended in the
district. The experimental design was split-split plot with four replicates: three
sowing dates were arranged in the main plots, salicylic acid as foliar application
treatments were assigned in the sub plots and biofertilization treatments were
allocated in the sub- sub plots. The plot area was 10.5 m? consisting of five rows
(3.5 m length and 60 cm between rows). Plants were thinned to a single plant per
hill and the distance between hills was 25 cm apart.

Foliar spraying with salicylic acid was done twice, firstly during the
vegetative stage (35 days after sowing) and then at pod development (75 days
after sowing) at the rate of 400 L / fad.

Peanut plants were harvested at mid September, first of October and end of
October in the two studied growing seasons, respectively for the three sowing
dates. Ten guarded and competitive plants of the middle two rows were taken
randomly to determine the yield components as follows: - plant height (cm),
weight of pods per plant (g), number of pod per plant, and 100-seed weight (g).
Whole plant was uprooted and the pods were air dried to weigh and calculate
seed yield per Faddan.

Seeds content of N was determined using the methods described by Chapman
& Pratt (1978) and protein content calculated by multiplying N% by 6.25. Seed
oil content was determined according to A.O.A.C. (1980).

Soil samples of the peanut rhizosphere were collected in both seasons and
analyzed for microbial determinations. Nodulation was determined by nodule
numbers and dry wt. of nodule. Total microbial counts were determined on Bunt
and Rovira medium (Nautiyal, 1999) using the decimal plate method technique.
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Counting the number of growing phosphate dissolving bacteria was carried out
using Bunt and Rovira medium after addition of 5 ml sterile solution of 10 % of
K,HPO, and of 10 ml of sterile solution of 10 % CaCl, to each 100 ml of the
medium. The most probable number (MPN) of Pseudomonades was determined
after incubating the tubes at 302 °C for 48 hr on King's B medium (King et al,
1954). Estimates of number of pseudomonades by MPN technique were
calculated using Cochran's table. Nodulation (nodule number and dry weight of
nodule) was determined by the method of Wilson & Reisenauer (1963).

The data were subjected to analysis of variance of split- split plot designs
according to the method described by Gomez & Gomez (1984). Least significant
differences (LSD) at the 5% level were used to compare the means of tested
treatments.

Results and Discussion

Biochemical activities of microbial isolates

Table 4 shows the biochemical activities of the Bradyrhizobium japonicum,
Bacillus megatherium and Pseudomonas fluorescens used in the trial for
production of hormones, antibiotic, enzymes, phosphate solubilization, nitrogen
fixation and total carbohydrates production. Hormonal activities, enzyme
production and phosphate solubilization are common features of all the tested
microorganisms. However, B. megatherium appeared to be superior to the other
isolates in phosphate solubilization. Only Bradyrhizobium showed nitrogenase
activity on other side P. fluorescens and B. megatherium showed antimicrobial
activity. Bradyrhizobium showed highest indole acetic acid production (IAA)
while Pseudomonas gave highest cytokinine production as expected the
microorganisms exhibited the types of biochemical and hormonal activity in vitro
that could result, in beneficial action in the field (Van Rossum et al. 1995;
Vargas et al., 2009; Verma et al., 2010 and El- Saidy & Abd El-Hai, 2011).

TABLE 4. Biochemical activities of microbial isolates .

Isolate Nitrogenase Hormonal activity Enzyme activity*
wCHHM? | Quantitative (HPLC) /
pg/ml
1AA GAg Cytokinin Amylase | Cellulase | Protease | Pectinase
B.japonicum | 463 1.8 25 8.7 + + + +
B.megatherium | - 0.24 1.32 10.2 + + + +
P fluorescens | - 091 |219 14.15 - + + +
Isolate P.solubilizat- | Antibiotic production (mm) Total carbohydrates (mg/l)
ion mg p/l -
E. F. R. Mono | Di Poly Total
coli oxysporum | solani
B.japonicum | 2.85 - - 257 114.68 |[12.2 383.7
B.megatherium | 4.75 21 26 19 108 7431 |56.27 |238.58
P. fluorescens |1.1 24 31 36 91 63.81 17.39 172.2

* for enzyme activity; + indicates existence of activity, - indicates no activity.
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Effect of treatments on the yield of peanut and its components

Table 5, indicates that in the two growing seasons, the yield of peanut and its
attributes; i.e., plant height(cm), weight of pods per plant (g), number of pods per plant,
100-seeds weight (g), pod and seed yields (kg/fad) and protein and oil yields (kg/fad),
exhibited significant differences for different dates of sowing. The highest increases for
all parameters were recorded for early sown (April 20, while, late sown (June 10"
show the lowest values (Table 5). Among different rates of salicylic acid and
biofetilization treatments there were significant variations at the level (p< 0.05). This

may be due to the efficiency of the sink than the source under early sowing date. The
results are in agreement with Ahmed et al. (2007) who reported that late sown crop
failed to mature and yielded 15-25% production less than the early sowing. The late
crop had a shorter period for the production of pods and also a slightly lower rate of pod
production causing a reduction in seeds and weight of pod/plant was similar at two
sowing. Laurence (1983), reported that late sowing reduced pod yield by 19% (from
5.02 to 4.21 ton/ha) and seeds yield by 18% (from 3.55 to 2.85 ton/ha) compared with
early sowing. Bell (2001), reported that commercial pod yield being decreased by 28
and 31%, respectively, for the final sowing date (June 10%).

Sowing peanut in 20™ of April exerted percentage increase in seeds yield over
these cultivated in 15™ of May and 10" of June by 9.95 and 42.48 % in 2010
season, and by 7.69 and 44.27 % in 2011 season, respectively.

As respect to protein and oil yields (kg/fad.), of peanut seeds were decreased by
delaying sowing date from April 20" to June 10" in both studied seasons. Delaying
sowing date from April 20" to May 15" and June 10" decreased accumulative heat
units by 0.72 and 13.21°C in first season and by 13.96 and 25.08 °C in the second
season comparing with April 20", respectively (Table 3). Increasing protein and
oil yields by sowing peanut seeds early may be due to environmental conditions in
this period which seem to be suitable for translocation the nutrient to seed and
consequently increasing 100-seed weight and seeds production as well as oil yields.
(Wahid et al., 2007 and Bala et al., 2011).

Data presented in Table 5, clearly showed that salicylic acid treatments
significantly (p< 0.05) increased all the studied parameters; i.e., plant height(cm),

weight of pods per plant (g), number of pods per plant, 100-seeds weight (g), pod and
seed yields (kg/fad) and protein and oil yields (kg/fad) than untreated plants during
2010 and 2011. The data also indicated that the effect of SA at 200 ppm
concentration was more pronounced than other concentrations as well as the control.
The highest values of plant height (cm), 100-seed weight (g), seed, protein and oil
yields (kg/fad) (41.5, 85.1, 473.6, 87.3 and 174.6 in the 2010) and (42.4, 85.8, 481.6,
99.9 and 181.5 in the 2011) respectively, were registered at concentration of 200 ppm
salicylic acid. These results may be due to the role of SA in enhancing some
physiological and biochemical aspects (Ali & Mahmoud, 2012). The stimulation
effect of SA on yield and its components was confermed by El-Shraiy & Hegazi
(2009) on pea plant and the beneficial effect of spraying with SA could be attributed
to its vital role activity in the function of enzymes in various plants which led to
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increase in yield components (Khan et al., 2003 and Shu & Hui, 2008) . In this
concern Amutha et al. (2007) stated that foliar application with SA improved the
productivity of crop plants under moderately high temperature. The associative action
of salicylic acid led to a significant increase in oil yield as compared to salicylic
alone.

TABLE 5. Main effects of sowing date, salicylic acid and biofertilization on yield and
its components of peanut in the two growing seasons .

Characters| Plant | Weight No. 100- Pod Seed Protein | Oil yield
height of of pods/ seeds yield yield yield | (kg/fad)
pods/ plants weight | (kg/fad) (kg/fad)
(cm) plants (@) (kg/fad)
Treatment (@)
2010 Season
Sowing date

20" April 43.34 40.01 29.10 88.62 845.17 445.42 90.3 177.7

15" May 38.16 38.66 28.27 86.24 77319 | 401.10 64.7 136.7

10" June 34.83 37.22 26.50 69.37 562.10 | 256.17 40.0 743

LSD5% 0.22 0.18 0.31 0.15 2.95 4.08 0.06 0.11
Salicylic acid
Control 34.60 37.17 25.78 76.46 639.58 | 270.28 39.2 87.1

100ppm 38.66 37.93 27.19 8141 700.14 319.17 50.9 105.1

150ppm 4031 36.69 29.06 82.63 756.06 | 407.19 75.0 143.8

200ppm 41.52 37.72 29.81 85.16 81150 | 47361 87.3 174.6

LSD5% 0.19 0.12 0.23 0.21 511 3.18 0.09 0.11

Biofertilization

g’r’;tm' 3458 | 3652 | 2575 | 7664 | 62189 | 307.00 | 409 93.4
PDB 3760 | 3805 | 2756 | 79.98 70867 | 35564 | 59.7 1209
PS 4029 | 3932 | 2867 | 8316 74525 | 38250 | 716 1362
mix
(PDB + 4262 | 4062 | 2986 | 8587 | 83147 | 42511 | 874 | 1586
BS)
LSD5% 023 015 | 026 021 472 348 0.06 0.14
2011 Season
Sowing date

20" Abril 44.05 40.96 29.73 89.39 881.38 471.58 96.6 1994

15" May 39.31 39.46 2831 86.86 810.19 435.31 70.6 155.1

10" June 35.72 37.62 26.75 69.75 580.67 262.81 415 77.1

LSD5% 0.23 0.14 0.28 0.44 18.17 2.86 0.18 0.22
Salicylic acid

Control 35.28 37.95 26.47 76.89 678.03 318.69 46.5 104.7

100ppm 39.45 38.95 27.61 81.76 726.64 331.83 535 111.6

150ppm 4158 40.26 29.17 83.53 787.06 427.39 79.2 153.7

200ppm 42472 | 40.29 29.81 85.83 837.92 481.69 99.9 181.5

LSD5% 0.42 0.17 0.27 0.36 10.08 4.26 0.14 0.12

Biofertilization |

Control (Br) | 35.20 36.71 25.94 77.00 650.22 324.05 434 99.4

PDB 3839 | 3879 | 2800 | 8038 | 74947 | 38011 | 647 | 1332
PS 4145 | 4032 | 2886 | 8379 | 77258 | 40597 | 764 | 1476
T'é‘sngB 4373 | 4157 | 3025 | 8683 | 857.36 | 44947 | 934 1711
LSD5% 038 | 020 | 025 | 045 503 376 0.12 018
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The maximum value of plant height (42.62 and 43.73 cm), weight of pods
per plant( 10.62 and 11.57 g), number of pods per plant (9.86 and 10.25), 100-
seeds weight ( 35.87 and 36.83 g), pod vyields (831.47 and 857.36 kg/fad) and
seed yields (425.11 and 449.47 kg/fad) protein combined yield ( 87.4 and 93.4
kg/fad) and oil yields (158.6 and 171.1 kg/fad) were obtained by biofertilized
peanut plant with mixed biofertilization treatments (PDB + PS) through the first
and second seasons, respectively. These results in accordance with Badawi et al.
(2011), they reported that Co inoculation of Peanut with Bradyrhizobium and
PGPRs significantly magnified the Peanut yield (41%) during two growing
seasons, synergy inoculation between Bradyrhizobium and PGPRs led to further
increases in all studied parameters and strengthened the stimulating effect of
bacterial inoculation.

Regarding the effect of interaction between sowing date and biofertilization
(Table 6), on plant height, weight of pods per plant, number of pods per plant,
100-seeds weight, pod and seed yields, protein and oil yields of peanut through
2010 and 2011seasons, data indicated significant increase of the previous
mentioned parameters.

Above mentioned results may be due to the suitable temperature degrees
which led to increase seeds yield from biofertilzed plant seed that sown on April
20™ with mix two type of bacteria at the period from flowering to harvest, this
caused an increase in dry matter accumulation in plant organs which reflected on
plant height, weight of pods per plant number of pods per plant, 100 seed weight.

The interaction effect of sowing date and salicylic acid foliar application
reached the 5% level of significance for the yield of peanut and its attributes; i.e.,
plant height (cm), weight of pods per plant (g), number of pods per plant, 100-
seeds weight (g), pod and seed yields (kg/fad) and protein and oil yields (kg/fad),
in both seasons (Table 7). It could be conclude that there was an opposite relation
between delaying date of sowing peanut seeds and increasing of salicylic acid
foliar application on the yield of peanut and its components characteristics
through 2010 and 2011. It could be concluded that increasing rate of salicylic
acid led to productive seeds than vegetative growth. However, the maximum
value of seed yields protein and oil yields (kg/fad) (575.6, 132.9 and 251.5 in the
2010 and 598.1, 138.8 and 263.8 in 2011) respectively, were obtained from
plants grown in the 20™ of April treated with 150 ppm salicylic acid. While in the
second date May 15" treated plant with 200 ppm salicylic acid. This is to be logic
since the same interaction gained the highest values of yield components and
consequently seed yield (kg/fad) (Metwally et al., 2003).
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TABLE 6 . Effect of interaction between sowing dates and biofetilization on yield
and its components of peanut in the two growing seasons.

Characters Weight Seed
Plant | ™ 0¢ No. | 100- Pod yield | Protein | Oil yield
height of seeds yield h
pods/ pods/ | weight yield
lants kg/fad) | (kg/fad
Treatmend, | m) | PO | plans | (@) | (e | (OB | (RO (kgfad)
2010 Season
D1 BO 38.4 7.7 6.4 Y, TAN,Y IV, ¢ 50.3 123.1
Bl £,V 9,0 AV YA, AYY N LYY, A 86.1 173.6
B2 g0, (Y Yoy [ ATY, Y €71, 104.2 201.0
B3 AV VYL Y V0 £y ¢ Yeudy oY, ¢ 129.6 231.0
D2 BO Y, Y 1LY 1, vY,¢ qo0,Y YY,. 42.9 975
B1 TV, Y Ay V,A Y, vey,y TAY,Y 59.3 127.7
B2 Loy q,v A8 VLA vaa,yv £YY,V 71.7 150.5
B3 £Y,Y VY, VoY IR AAT,Y £VY,e 88.8 178.1
D3 BO YN 0,1 £,4 V¢,9 SYAA YYe 30.2 63.6
B1 Y, 1Y 1, Y \VY,A oo,V Yeoy,a 375 72.0
B2 vo,q v,4 v, Y, Y 572.8 YUE,A 43.7 78.1
B3 vV, ¢ A,V v,V Yy, 090,y YVY, ¢ 50.2 84.1
LSD at ) . . .
5% 4 , . Yo VE,A . .

2011 Season

D1 BO YA,V v,4 1,4 rY,Y vig,o rag,s 54.4 132.5
Bl €Y, VLY 4,V YA, ¢ AV, £01,4 91.8 184.6
B2 45.5 1,4 \ LY £),7 ASY,V SAE,A 115.0 203.1
B3 £,y AT, A YN £,V Vavo,n co. v 139.2 246.5

D2 BO Y,V 1,0 0,4 Y, v, e, 45.6 104.4
B1 vv,4 4,3 v,4 ve,q Yay,\ £YE, 66.6 152.2
B2 £1,4 \e,0 q,. YA, AYY, 0 £1Y,0 79.1 172.1
B3 £, Y VY, A Ve,0 £Y,1 ary,y oV E,A 96.3 198.7

D3 BO rY,o 1. o)) Ve,Y SEA, YTV, 31.6 65.8
B1 v, A 1t VAL avo,r Yod,y 39.7 74.8
B2 TV, Ayt v,¥ Yy, 04,1 YV.,v 449 81.2
B3 YA,A q,v Ay Ye,Y 1A YAY, ¢ 51.9 87.3

LSD at

5% V.1 .4 V) V.4 ¢ VY, .0 CA

BO = Bradyrhizobium, (control), B1 = B. megatherium var. phosphaticum (PDB), B2 =
Pseudomonas fluorescens (PS), and B3 = mix between (PDB + PS) while, D1= 20™ April, D2=15"
May and D3= 10" June
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TABLE 7 . Effect of interaction between sowing date and salicylic acid on yield and

its components of peanut in the two growing seasons .

Characters Plant Weight | No. 100- Pod Seed Protein | Oil yield
height of of seeds yield yield yield
pods/ pods/ | weight (kgffad)
cm) | plants(g) | plants | (q) (kgffad) | (kg/fad) (kgffad)
Treatment
2010 season
D1 SA0 40.64 Y, VY 1re | re,ae Ve, Yo 31440 | 53.7 116.6
SAl 42.35 a,Y AYe | ovarr AT, Vo VI, 73.8 1435
SA2 45.31 \YF WY | gy, 929.15 | ove,n. 132.9 2515
]
SA3 TR VoA Voo YA Y 4T, A ove, A 109.7 210.2
D2 SA0 ve,rY v,\e 6.25 | rv,\e LY YVY, Y 36.6 86.4
SAl YV, VA v,ae v,Ye | vo,Ae YYA,AS Yo, re 47.3 112.5
SA2 ¥4, v 4,7 855 | vo,AA vig,ar £.g,Y0 64.3 133.8
SA3 £1,YA VoY VA, ee | gy, a¥yY 1A | ove,¢v | 1205 228.8
D3 SA0 YA,AA 1,IA ¢,vo VA, Ye oV ,0A YYY, 28.7 62.4
SAl vo,A0 1A 1,0 VA, ¥ STV, AT YY., oA 325 66.2
SA2 ¥, e v, ¢e YAA | YeaA oV, v A YEy,ve 39.2 70.6
SA3 rv,4 Ao VAT Y,Y o041,y YYa,rY 64.2 99.1
LSD at 5% LYV T GEAAT | 8Ty | Aray YTy \Y,ASY Y 0.3604 0.1771
2011 season
D1 SA0 41.15 A AT v, YY v, €0 Vot YA,V 63.8 137.2
SAl 42.74 Vo, to AVo v,V AYE,VA YAA, £ 79.7 152.2
SA2 £41.2 \Y,40 Y EIAD 4A8,A0 04A, VA 138.8 263.8
SA3 £, Y VY,0 VY, A Ta,YA 480,\A oYY, e 112.0 214.7
D2 SAO0 v, vo AT 1,10 YA YAV, A0 Yot .. 47.8 116.8
SAl YA, AA 4,0 A v, 1A (SN YT, A0 Yor,ay 47.8 119.9
SA2 £0,AY V. ALY re,ar VAT, 4 £YV, Yo 69.9 149.9
SA3 | 4295 YOVA | YA | EY,EA | A Ne OAA,0A 124.8 243.1
D3  SAO | va,ar 1,A0 o,0F VY, Er ooy, 0. YYY,ro 30.6 66.3
SAl v, Ve v, Yo 1,00 Y4, YA oYA,aY Yye, %o 335 68.1
SA2 vV, 4. AN v,Yo Y\,or SAN, ET Y£1,3A 40.5 73.1
SA3 YA, Yo AoF v,ve Y1,ve TLY,AT Yy, ey 65.7 102.3
LSD at 12952 | aade | a,veaa | oy,evey | ogavyey ITATIVN 05737 | 0.4941
5%

D1= 20" April, D2=15" May and D3= 10" June, While SA0=

SA2= 150ppm and SA3= 200 ppm

zero salicylic acid, SA1= 100ppm,

For the interaction effect between salicylic acid and biofertilization (Fig. 1a -1g)
data shown significant effects on plant height, weight of pods per plant, number
of pods per plant, 100-seed weight, pod and seed yields, protein and oil yields in
both seasons. The obtained data showed that increasing salicylic acid rates from
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100 to 200 ppm and biofertlized with mixture of Bacillus megatherium and
Pseudomonas fluorescence (the two types of bacteria) in both seasons caused an
increase in all aforementioned parameters. It may be due to that increasing both
salicylic acid rates and mix biofertiliztion together led to an encouragement in
seed formation owing to increasing the plant capacity in building metabolites and
caused increases in seed and pod yields.

22010 = 2011

50 :
40 - - s —mll- . -
30 '
10 4 - - E k- L . ! . | |1 :

SAQ SA2 SA3

BO Bl B2 B3 SA1 Bl B2 B3 BO Bl 82 B3I BO Bl1 B2 B3

B0

Fig . la. Effect of interaction between salicylic acid and biofertlization on plant
height (cm) of peanut in two growing seasons .
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i:ig . 1b. Effect of interaction between salicylic acid and biofertlization on weight of
pod (g) of peanut in two growing seasons .
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Fig . 1c. Effect of interaction between salicylic acid and biofertlization on No. of
pod/plant of peanut in two growing seasons .
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Fig . 1d. Effect of interaction between salicylic acid and biofertlization on weight of
100 seed (g) of peanut in two growing seasons .
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Fig .le. Effect of interaction between salicylic acid and biofertlization on pod yield
(kg/fad) of peanut in two growing seasons .
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Fig . 1f. Effect of interaction between salicylic acid and biofertlization on seed,
protein and oil yields (kg/fad) of peanut in 2010 season.

8 seed yield2011 proteinyield2011 moil yield2011

600
500 —
00— —
300 — 54— — 1 t+trt+Ht+H1H —
20 +4+1+-14+4+4+4+1H4H L
TRRRARRARA il
oo T 0

SAD SA2 SA3

BO Bl B2 B3 SA1 Bl B2 B3 BO B1 B2 B3 BO B1 B2 B3

BO

Fig . 1g. Effect of interaction between salicylic acid and biofertlization on seed,
protein and oil yields of peanut in 2011 season .

SAO= zero salicylic acid, SA1= 100ppm, SA2= 150ppm and SA3= 200 ppm While BO =

Bradyrhizobium, (control), B1 = B. megatherium var. phosphaticum (PDB), B2 = Pseudomonas

fluorescens (PS), and B3 = mix between (PDB + PS)

Applied biofertilization enhanced the utilization of applied salicylic acid
could play a major role during the early stages of Bradyrhizobium-legume
symbiosis. Nodulation factors produced by rhizobia, in response to legume
produced flavonoids, affected SA content of the host plant during the early stages
of nodulation. The maximum values of plant height, weight of pods per plant
number of pod per plant, 100-seed weight, pod and seed yields, and protein and
oil yields were obtained from plants sown on April 20" and supplied with
200 ppm salicylic acid and biofertilized with mix of two types of bacteria. This
was true for the studied two seasons. Generally, the addition of biofertilizer with
salicylic acid led to improvement the quantity and quality yield chacterization as
compared to salicylic acid alone (Bai et al., 2002).

The effect of interaction between salicylic acid foliar application, biofertilization
and sowing dates was significant for yield and its components characteristics of
peanut in both seasons (Tables 8a and 8b). The maximum value of plant height,
weight of pods per plant number of pod per plant, 100-seed weight, pod and seed
yields and protein and oil yields were obtained at growing seasons 2010 and 2011,
from plants sown on April 20" and supplied with 150 ppm salicylic acid and mixed
biofertilization treatments .

Egypt. J. Agron. 35, No. 1 (2013)



EFFECT OF SALICYLIC ACID, BIOFERTILIZATION ...

51

TABLE 8a. Effect of interaction between salicylic acid and biofertilization and
sowing date on yield and its components of peanut in 2010 season .

Characters| Plant We|1ght No. 100- Pod Seed Protein | Oilyield
height 0 of pods/ | seeds yield yield yield
pods/ | plants | weight (Kgffad) | (kgffad)
(cm) | plants (g% (kgffad | (kg/fad)
Treatmen Q)
D1 SA0 BO [ 0,1 [RY% [ R Yeu,Y 31.3 78.6
B1 YA,V v, ¥ o,y YY,o Vay,v YAA,Y 47.3 107.9
B2 £),A A0 iK% va,Y VAT,V YYI,Y 59.7 125.9
B3 Y% q,0 ALY R AYY,Y Y3,y 82.8 160.5
SAI BO [ v, % Y1 <017 YAR, - 37.6 945
B1 £, ALY v,y va,0 AYY, . YA,y 70.4 1415
B2 £Y,A q,A AV £,V Ao, Yva,v 84.3 149.2
B3 £,Y [ERY VY, Y $Y,0 AAOLY £V, 112.6 195.9
SA2 BO YA,Y 4,1 v,V v, VEY, ITNRY 70.7 172.6
B1 £4,1 Y,4 Y £a,7 AAY, + IRY% 129.2 248.1
B2 £,V \Y,A VY,V £),F 4 y,y T, 159.5 274.2
B3 IR 14,4 VY,V £4,¢ VIVAY [ €. 185.4 323.0
SA3 | BO £.,0 AY v, Y (NS VAA, - cor,v 65.3 151.9
B1 £Y,9 Voot R YA,V AAY, Y ot 107.8 206.1
B2 £V,A [ERY% SR e, q.9,F oYE,Y 1245 232.4
B3 oy VYA ERY% £Y,A VYT oA Y 148.9 258.0
D2 SA0| BO Yo,4 0,0 6. YV,v 1Y, YYY,Y 28.4 65.4
B1 ve,v 1,0 1Y [ TEA,Y Yig,. 31.2 75.2
B2 TV,¥ v, ¢ v, Ty, 9.,V YVA,Y 36.8 91.7
B3 va,¢ 4, v,V T, ¢ VY E,Y YYa,v 52.6 117.2
SAl| BO vo,v ) o,¥ YA Y,V YA, 35.6 80.4
Bl VY v, Y v, Y, 14,V TYY, . 44.7 101.4
B2 FAA Ao Vv v,V via,¥ [ 53.6 1239
B3 v4,q Ve, 4, £,9 ALY £Y1,V 67.8 148.9
SA2 | BO To,v 1,8 1Ly Y, T, Y4,y 40.4 86.1
B1 YA, ¢ Ao ALY Y, VoA, Yar,y 61.4 128.6
B2 $.,0 R 4,7 LY Avoye £vo,. 72.2 150.1
B3 £Y,1 VY1 Ve,r va,v AYo,Y €3¢, 87.9 177.3
SA3 | BO (R v, AT VA Vyo,. A, - 702 1679
Bl YA q,v a,v YA 4.y, 014,y 112.2 218.8
B2 iv,0 VLY KR X% arA,v qo,¥ 145.3 251.2
B3 £,V VY VE¥ XY YAV, | EdLY 164.4 285.2
D3 SA0 BO Y, o, Y, Vot €10,V Yoo, 239 535
B1 YAA 4,4 X% Y, €9, Yye,y 27.4 60.2
B2 A v, ¥ o,¥ 'Y, oFY, . Y.y 30.2 66.3
B3 TY, ¢ Ay 1, VY, sov,v Yey,. 345 70.4
SAl | BO [ o0 €V Vo,- oYY, o, 26.2 58.7
B1 YA .Y o,V VY, ¥ o, YYY,Y 30.7 63.9
B2 1,4 A 1Y Y.V R YYA, 34.0 70.4
B3 YV, A A v,y ¥, o4y, ¥ YEY,. 39.9 72.4
SA2 | BO Yo, ., X% VEA oo\, Y YYY, . 29.6 63.3
Bl vo,1 v, - Y VAL on1,Y YYA,Y 35.5 68.5
B2 TYV,e v, 4 A, e Y,V oV, - YEA, - 42.7 72.9
B3 YA L A4 AY YY1 TY,Y YoV, 49.9 779
SA3 | BO Yo, A 0,4 1Y V4,1 oV, - YVa, ¥ 44 4 80.4
Bl v,0 v, ¥ v,V Y0 oMo,y YYT, . 61.3 96.2
B2 TA,Y q,v AY Y4,% oo,y YEY,V 729 1035
B3 £1,) YN 9. vy, o YLy Y4,Y 81.9 117.8
L SD at 5% I K B A VY, Y \Y,Y 0.2 05

Egypt. J. Agron. 35, No. 1 (2013)



52 HOWAIDA A. MAAMOUN AND A. M. ABD EL GAWAD

TABLE 8 b. Effect of interaction between salicylic acid and biofertilization and
sowing date on yield and its components of peanut in 2011 season .

Characters | Plant | Weight | No. 100- Pod Seed Protein Qil yield
height | of of seeds |yield yield yield
pods/ |pods/ |weight (kg/fad)
(cm) plants |plants |(g) (kg/fad) |(kg/fad) |(kg/fad)
Treatments (9)
D1 SAO0 [BO [36.0 1,0 o, YA 619.7 289.7 37.1 92.9
Bl |ra,a A0 v, ¥ Ye¥ VoA,V Yoo, 58.3 1335
B2 |¢v,0 4,1 v, Y Y4, VVE, YVA,Y 69.8 146.4
B3 |3 1,0 3, £Y,) AY, oy, 97.7 183.1
SAl |BO |rAx v, 0 Y% YY,Y¥ A4, Y rYY,Y 419 103.1
Bl |0 q,v ALY Y4,y Ao,V VY, Y 729 145.9
B2 |:g,. Y ,A q,v £Y,¢ AoY, vag,v 89.9 155.5
B3 |:v,r \YLY VY,V €Y, qrq,y R 124.1 212.3
SA2 |BO |ra,x 9,7 AV YV, YAY, - XER" 73.6 180.3
Bl |::,3 \Y,Y VY,V £ 944,V OAY, 133.2 257.1
B2 |¢v,¢ \Y,4 Y,V £Y,0 aAY, - A 167.8 290.1
B3 |ev,4 AR VE¥ £AY AYYY,Y (ALY 194.1 340.6
SA3 |BO |\, A v,Y Y'Y, VaY, . £70,. 67.4 159.5
Bl |:a,r V4 VY, Y 4,7 LA, o\Y,Y 1119 210.5
B2 | Ay VY3 VY, £, 301,Y oYY,V 125.2 232.3
B3 |[-.,a ) \YLY £4,1 VY g, oVY, 150.1 263.0
D2SA0 [BO |ryv,s oA R YV,4 VA, 339.0 335 77.2
Bl |ro, v, ¢ 4,V Yy, Y ALY vig,. 43.7 115.6
B2 |[rv,¢ A4 v, Y Yo,v YVEY VY, Y 50.2 129.8
B3 |rAA Ve, ALY Y4, 8 vag,. £Y4,Y 65.8 150.3
SAl |BO |ro,r 1,0 o,V vy, 1LY,V Y4,V 36.8 85.8
Bl |rA,. AY 'A% Yo,y YAY,Y YLV 45.6 114.4
B2 |¢.,r ) A, YA,Y V4o,V TVe,¥ 54.8 132.1
B3 |\, V), ¢ 3,7 £, A,V $80,. 70.3 163.3
SA2 |BO |ri,¢ 1,1 1, YY,4 ALY YooY,y 41.4 89.8
Bl |rv,a q,v A, Y, vay,. £Y8, . 69.0 1515
B2 |,y VY, Y 9, YA, ¢ AVY,Y £V4,V 80.1 171.3
B3 |[:¢,1 VY, ¢ yav £Y,) ATY, oryY,. 94.9 185.7
SA3 |BO [ra,e v, ¥ v,V TV,A YV, £9Y, . 729 1745
Bl |[¢.,r V.0 q,v YA,A YA, Y SAY,Y 118.6 239.6
B2 |¢o,¢ VY,A BN £Y,0 q0.,¥ Y,y 147.0 268.7
B3 |¢v,n \Y,e VE,e £1,A YYYA, L [nevy 169.3 299.3
D3SA0 |BO s, o, Y,v Vot A% YVE,Y 255 56.1
Bl |r. 1,Y o,y V), Y oov,v YY],Y 29.4 64.7
B2 |r\v v,o 1. 1),V ove, . Ye),Y 31.9 71.1
B3 |rr,o A iR VY8 OAY, Yev,v 35.4 73.8
SAl |BO |r¢,r o,V o, Vo, 00y, YYY,Y 27.1 60.7
Bl |ro,¢ LY o,V Y, ovE, . YYY, Y 31.6 65.7
B2 |rAy VA v, Yy, v SAY,Y YE, 34.3 71.2
B3 |[ra,\ A ALY Y, Y YEA, 41.4 74.9
SA2 (BO |r+,. 1,4 A% Vo, o1y, YYo,¥ 30.4 63.9
Bl |ru,r vV, ¢ vV, 14,1 SAY,Y YEN, 37.1 69.4
B2 |[rAn A0 A, Y, Y oqy,v Yot,v 439 77.1
B3 |[:¢.,v q,1 ALY YAY T, T Y1y, v 51.8 82.3
SA3 [BO |re,v .Y e Y.,Y ovy, Y YA4, . 42.8 83.8
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Bl |ru,v v, v, Y Y¢,1 oqy,y YYo,v 64.5 100.0

B2 |ra,1 3,3 ALY Y4,y 1LY, v,y 74.2 106.1

B3 |, Vo, q,. YY,0 T8,V V.Y 84.5 120.1
LSD at 5% 14 R 4 )Y YA, & ¥,V 0.4 0.7

Effect of treatments on the microbial determinations

Data in Table 9 showed that the total microbial counts at rhizosphere of inoculated
plants were significantly higher in mixed treatments than in single inoculants. The
highest significant increases was recorded with sowing date 20" April, salicylic acid
concentration 200ppm and mixed inoculation treatment, (Rhizobia as base treatment,
PDB+ Psudomonase, being 217x 10° cfu /g dry soil) compared with control. These
results in compatible with the finding of EI-Wakeil & EI-Sebai (2007) who reported
that total microbial count was significantly higher in mixed inoculants' strains than in
single inoculants at rhizosphere of inoculated faba bean plants.

TABLE 9. Main effect of salicylic acid, biofertilization and sowing date, on some
microbial characters in the two growing seasons.

haracters Microbial determinations Nodule characteristics
Treatmen
Total microbial | PDB countin | Pseudomonas | No.of nodule/| Nodule dry
in soil soil count in soil plant weight
mg/plant
2010 [ 2011 [ 2010 [ 2011 | 2010 [ 2011 | 2010 | 2011 | 2010 [ 2011
Sowing date

20" April 161.9 1772 | 579 | 70.6 | 259 | 343 |20.2a | 214 | 718 | 737
15" May 143.9 161.3 | 535 | 66.7 | 258 | 335 |188a | 19.2 | 515 | 549
10" June 133.6 148.7 | 423 | 49.2 | 258 | 31.6 [13.6b | 143 | 36.4 | 39.9

LSD5% 5.1 2.1 1.7 2.6 0.9 1.4 3.6 1.6 5.4 5.2
Salicylic acid
Control 69.4 78.1 264 | 321 141 | 185 | 112 12.1 | 375 | 40.1

100ppm 148.3 162.7 | 59.3 74.3 20.6 25.5 17.9 17.3 | 45.9 49.4
150ppm 170.0 1919 | 394 | 479 | 328 | 40.6 | 188 | 19.7 | 56.8 | 59.6
200ppm 198.3 216.9 | 79.8 94.3 36.1 47.9 22.0 24.0 72.6 75.6
LSD5% 3.1 2.1 1.3 1.6 1.1 1.3 4.0 0.7 3.2 3.4

Biofertilization
Control Br 122.9 139.4 | 395 | 50.1 | 214 | 308 | 142 | 13.8 | 38.1 | 405

PDB 146.7 1615 | 47.7 58.6 25.1 32.5 15.3 15.8 | 49.4 51.7
PS 154.6 1709 | 574 69.5 27.9 33.1 19.6 21.6 55.8 59.9
mix(PDB + | 1618 |177.8 | 60.4 | 704 | 289 | 36.2 | 208 | 22.3 | 69.4 | 72.6
BS)

LSD5% 2.9 15 1.9 1.9 1.2 1.0 4.0 0.9 1.9 1.7

It was clear from the data represented in Table 8 that inoculation with rhizobia
and PDB+ Pseudomonas stimulated the activity and growth of phosphate dissolving
bacteria in rhizosphere area of inoculated plant. The highest density of PDB being
96.4x10? cfu /g dry soil recorded with mixed treatment Bradyrhizobia as base
treatment, PDB+ Psudomonase. These results are in agreements with Gyanshwar
et al. (2002) who confirmed that increase in PDB count leads to corresponding
increase in the availability and mobility of phosphorous and other plant nutrients
from soil to plant through production of organic acids. These effects were reflected
on increasing of plant growth, crop production and oil yield
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Also, mixed inoculation with rhizobia and PDB+ Pseudomonas stimulated the
activity and growth of Pseudomonas in rhizosphere area of inoculated plants. The
highest density of Pseudomonas being 49.3x10? cfu /g dry soil recorded with mixed
treatment. These results are in agreement with Usha (2003) and El-shazly (2010) who
reported that Pseudomonas strain may be helpful as plant growth promoting bacteria
and bio-control agent. Also, Pseudomonas has tremendous importance due to its
widespread distribution in soil. This may be due to utilizing a wide range of organic
substances as carbon or nitrogen sources.

Application of biofertilizers is an acceptable approach for higher yield with good
quality and safe for human consumption. Our results show that either single or mixed
inoculates gave positive response to the studied parameters. This response was
accompanied by significant increase in soil microbial determinations and nodule
characteristics (Table 9) thus mixed inoculation treatment is the best compared with
single inoculation treatment. These findings is on the same line with those obtained
by Monibe et al. (1998 ) who found that single inoculation of rhizoidal performed
lower in terms of N, fixation and N accumulation capacities as compared with the
mixture of this strain with some other strains. Also, Moawad et al. (2004) mentioned
that the rhizobia inoculation showed a positive response to inoculation in terms of
nodule numbers and dry weight and also enhanced growth of Phaseolus bean and N
values compared to control. The mixed inoculation treatment of rhizobia and PDB +
Pseudomonas enhanced all tested parameters more than single inoculation treatment
with PDB or Pseudomonas compared with control. This inspection was confirmed by
Moawad & Abd EI-Rahim (2002) who reported that biofertilizers treatments applied
increased growth parameters and NPK contents

In respect to effect of interaction of sowing date and salicylic acid on
microbial determinations (Fig. 2a, 2b and 2c) represented data showed that
sowing date at April 20" recorded highest microbial counts (Total, PDB and
Pseudomonas counts) followed by 2" sowing date. Also, salicylic acid
concentrations exhibited pronounced effect on microbial counts, SA3 (200ppm)
recorded highest microbial counts compared to other concentrations.

Regarding to effect of interaction of sowing date and biofertilizations on
microbial determinations (Fig. 3a, 3b and 3c) represented data showed that
sowing date at April 20™ recorded highest microbial counts (Total microbial,
PDB and Pseudomonas counts) followed by 2™ sowing date. Also, mixed
biofertilization treatments had a stimulatory effect on microbial counts, which
recorded highest microbial counts compared to other biofertilization treatments.

In order to study the effect of interaction between salicylic acid concentrations
and biofertilization on microbial counts in peanut rhizosphere, obtained data
representd in Fig. 4a, 4b and 4c revealed that SA3 (200ppm) recorded highest
microbial counts compared to other concentrations. Also, mixed biofertilization
treatments had a stimulatory effect on microbial counts , which recorded highest
microbial counts compared to other biofertilization treatments.
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The effect of interaction between salicylic acid foliar application, biofertilization
and sowing date was significant for microbial determination and nodule characteristics
(Table 10). The maximum value of Total microbial counts, PDB counts , Psedomonas
counts, Number of Nodule /plant and nodule dry weight mg/plant were obtained at
growing seasons 2010 and 2011, from plants sown on April 20" and supplied with 200
ppm salicylic acid and mixed biofertilization treatments

It could be concluded that sowing of peanut cv., Giza, 6 may be completed
from April 20" to May 15™ with foliar spraying by salicylic acid at rate 150-200
ppm and mix two types of biofertilization (PDB + Pseudomonas) in order to raise
a healthy and good peanut crop and ultimately get highest yield.

@ 2010 02011

D1 D2 D3
=

g. 2a. Interaction sowing date and salicylic acid on total microbial counts at two
growing seasons.
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Fig. 2b. Interaction sowing date and salicylic acid on PDB at two growing seasons .
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Fig. 2c. Interaction sowing date and salicylic acid on Pseudomonas counts at two
growing seasons .
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Fig. 3 a. Interaction sowing date and biofertilization on total microbial counts at two
growing seasons .
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Fig. 3 b. Interaction sowing date and biofertilization on PDB at two growing seasons .
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Fig. 3c. Interaction sowing date and biofertilization on Pseudomonas counts at two
growing seasons .
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Fig.4a. Effect of interaction between salicylic acid and biofetilization on total
microbial counts at two growing seasons .
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Fig. 4b. Effect of interaction between salicylic acid and biofetilization on PDB at two
growing seasons .
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Fig. 4c. Effect of interaction between salicylic acid and biofetilization on Pseudomonas
counts at two growing seasons .

TC= Total microbial in soil, PDB= PDB count in soil and Ps= Pseudomonas count in soil.

SAO= Zero salicylic acid, SA1, SA2 and SA3= 100, 150 and 200 ppm salicylic acid BO= Br,

B1=PDB bacteria, B2= PS bacteria and B3= mix (PDB + BS) and D1= 20" April, D2=15" May and

D3= 10" Jun
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TABLE 10.Effect of interaction between salicylic acid and biofertilization and sowing
date on microbial determinations and nodule characteristics of peanut at two
growing seasons

Characters Microbial determinations Nodule characteristics
T.microbial PDB Pseudomonas | No.of nodule / Nodule dry
plant weight
mg/plant
Treatments 75010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011
BO | 66.3 770 | 243 | 320 | 13.0 17.7 9.7 11.0 29.6 30.7
2 Bl | 1420 | 158.0 | 58.0 | 79.0 | 16.0 | 20.7 13.0 | 140 | 36.6 37.8
v | B2 | 1643 | 1933 | 323 | 447 | 271.7 39.7 13.3 15.7 48.2 49.7
B3 | 1930 | 2277 | 71.0 | 87.3 | 32.7 | 44.0 16.0 | 18.0 | 62.6 63.9
BO | 79.3 817 | 26.3 | 350 | 14.0 17.7 9.7 114 35.1 36.5
b Bl | 168.7 | 184.0 | 72.0 | 88.7 | 19.7 | 22.0 140 | 16.0 | 495 51.8
oy | B2 11947 2140 | 38.7 | 46.7 [ 33.0 417 15.7 16.0 52.2 54.0
— B3 | 213.3 | 2233 | 79.0 | 93.0 | 38.0 47.7 20.3 21.7 77.3 78.2
o BO | 72.7 813 | 28.7 | 353 | 16.7 19.3 18.7 18.7 445 49.2
% B1 | 179.3 | 188.0 | 87.3 | 103.3 | 21.7 24.3 26.3 26.7 73.9 76.3
vy | B2 12077 | 2190 | 39.0 [ 50.3 | 39.7 | 433 27.3 | 30.3 | 855 87.2
B3 | 223.0 | 237.7 | 87.7 [108.0 45.7 50.7 37.7 38.7 | 1134 | 1154
BO | 87.0 | 833 [ 30.3 | 383 | 183 | 39.0 16.3 | 16.0 | 66.0 67.9
g Bl | 17171 1940 | 98.7 | 1147 [ 22.3 23.3 21.0 243 | 1123 | 1141
v | B2 | 217.0 | 223.7 | 46.7 553 | 45.3 48.3 26.3 27.0 | 119.2 | 120.9
B3 | 234.7 ] 248.7 | 1073 | 1200 | 11.7 54.7 35.3 37.0 | 142.3 | 146.0
BO | 61.3 747 | 20.7 283 | 143 23.0 9.3 10.3 29.1 30.2
2 Bl | 1313 | 1453 | 50.7 | 673 [ 21.3 | 343 123 | 13.7 | 38.1 39.6
vy | B2 1430 ] 1680 | 293 | 413 | 243 | 423 163 | 16.0 | 427 51.7
B3 | 171.7 | 1933 | 69.3 86.3 | 30.7 45.7 18.3 18.0 47.3 55.7
BO | 67.0 79.7 | 213 35.7 [ 133 17.7 10.0 11.3 37.8 40.1
2‘ Bl | 1443 | 161.0 | 61.7 810 | 17.7 22.3 15.0 17.3 43.6 45.6
o | B2 | 152.0 | 177.7 | 36.7 493 [ 31.0 41.0 15.7 20.0 54.3 57.5
N B3 | 191.3 | 213.7 | 79.7 | 1030 | 36.3 50.7 19.7 24.3 62.2 64.0
o BO | 69.0 80.0 | 283 29.7 | 133 17.3 10.3 12.3 39.3 42.0
2 Bl | 1523 [ 170.7 | 687 | 880 [ 19.7 | 233 17.0 | 21.3 | 4238 43.0
v | B2 | 1633 | 184.3 | 40.7 470 | 33.7 41.3 20.0 23.7 56.3 59.3
B3 | 209.3 | 224.3 | 90.3 | 110.0 | 39.0 | 50.7 19.7 | 270 | 713 73.2
BO | 727 81.0 | 303 33.7 | 153 18.7 11.7 13.3 48.3 50.2
2 Bl | 1623 | 173.7 | 820 | 101.7 [ 21.0 | 233 21.7 | 240 | 63.0 64.6
vy | B2 1188.0 | 2150 | 430 | 513 | 383 | 443 213 | 243 | 68.0 72.9
B3 | 2230 | 238.3 | 970 | 1130 | 443 | 53.0 28.3 | 30.3 | 78.6 85.9
BO | 633 | 67.7 | 2.7 | 267 9.0 13.3 8.0 8.3 215 22.4
<O( B1 | 837 97.0 | 280 29.0 | 127 21.3 9.7 9.3 29.7 31.3
v | B2 | 1187 | 1243 | 303 | 330 | 22.7 | 29.7 11.0 8.7 30.5 32.7
B3 | 137.0 | 146.3 | 40.0 480 | 32.7 37.7 13.3 15.3 33.6 35.1
BO | 70.0 747 | 230 29.0 | 113 18.3 9.7 9.3 29.6 34.0
b Bl | 140.7 [ 1440 | 300 | 313 [ 243 | 313 110 | 11.3 | 318 37.6
v | B2 | 1573 | 176.3 | 30.3 35.3 | 26.3 35.7 13.7 14.3 35.1 46.8
™ B3 | 1903 | 207.7 | 673 | 753 | 36.7 | 443 163 | 16.7 | 422 44.1
o BO | 69.3 780 | 267 29.7 | 143 18.3 10.3 1.7 37.8 42.0
2 Bl | 1433 | 166.7 | 457 | 670 [ 20.0 | 25.0 13.3 | 13.7 | 32.0 34.8
v | B2 | 167.7 | 200.7 | 67.3 747 | 32.0 36.3 16.3 17.0 36.3 40.3
B3 | 198.3 | 219.7 | 78.0 93.0 | 40.0 47.7 18.7 19.3 48.3 51.9
BO | 730 | 780 | 293 | 317 [ 157 | 193 11.0 9.3 38.8 40.5
o Bl | 1593 | 169.7 | 313 400 | 30.3 34.7 15.7 16.3 39.4 40.1
% B2 | 171.3 [ 207.0 [ 383 | 463 [ 39.3 | 44.0 18.7 | 20.0 | 423 47.3
B3 [ 195.0 | 221.7 | 910 99.0 | 45.7 49.0 20.3 21.7 53.0 57.0
L.S.Dat5% |11.271|7.5071| 4.795 | 5.8584 |4.112 | 4.6718 ns [2.5171 [7.0076 |6.1204
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