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RECLAIMED SANDY SOIL TO BIO-INOCULATION, GYPSUM
ADDITION AND FOLIAR SPRAY WITH IRON
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ABSTRACT:

A field experiment was carried out on a newly reclaimed sandy soil at
South-Tahrir Sector, Al-Behira Governorate, Egypt during the two
successive summer seasons of 2008 and 2009, under sprinkler irrigation
system. This study was conducted to identify the effect of bio-inoculation by
Rhizobium Iegumlnosarum in combination with applied gypsum at the rates
of 0, 0.5 and 1.0 ton fed™ and iron foliar spray at the rates of 0, 0.3 and 0.6 g
L™ on improving some soil properties as well as peanut pod or seed yield and
its contents of oil, protein and nutrients.

The obtained data showed that application of gypsum led to improve
some soil properties, i.e., soil bulk density, total porosity, pH and ECe, where
an increased was occurred in soil total porosity. On the contrary, soil bulk
density and pH were decreased, and such favorable effects were achieved at
the highest rate of gypsum. The data revealed also that the available contents
of NPK as macro and Fe, Zn, Mn and Cu as micronutrients in soil after
peanut harvesting increased as a result of bio-inoculation with rhizobium and
gypsum addition, however, the combined treatment of (gypsum at a rate of 1
ton fed™ with bio-inoculation) gave the best results.

In addition, the applied triple treatment of (bio-inoculation + gypsum +
iron foliar spray) significantly increased the number and dry weight of
nodules plant™ as well as dry weight of shoot and root of peanut plants at 75
days from sowing. A pronounced increase was achieved in each peanut pod
or seed yield and its contents of oil, protein and nutrients (i.e., N, P, K, Fe,
Zn, Mn and Cu). The greatest values for the abovementioned traits were
recorded with bio-inoculation. Application of gypsum resulted in a
significantly increase for each of the previous peanut parameters, except of
potassium content in seed that tended to decrease with increasing the applied
rates of gypsum.

Iron foliar spray resulted in a significantly increase for each of the
previous peanut parameters in both studied seasons as compared to the
control. The greatest values were attained by iron foliar spray at the applied
rate of 0.6 g L™, except for P, Zn and Cu contents and uptake that were
significantly decreased with increasing the applied rates of Fe as foliar spray.
Therefore, under the condition of the studied newly reclaimed sandy soil, the
applied gypsum with bio-inoculation plays an effective role for improving
soil characters, increasing the available nutrient contents and raising the
efficiency of iron foliar spray. This of course positively reflected on peanut
yield and improved its seed quality.

Key words: Newly reclaimed sandy soil, rhizobium inoculation, gypsum
addition, foliar spray with iron, peanut plants.

Fayoum J. Agric. Res. & Dev., Vol.25, No.1, January, 2011



Metawa M. EI-Shouny, et al. 50

INTRODUCTION:

Peanut (Arachis hypogaea L.) is considered to be one of the most
important edible oil crops in Egypt, which due to its seeds high nutritive value
for human and produced cake as well as the green leafy hay for livestock, in
addition to the seed oil importance for industrial purposes. Peanut contains
about 50% oil, 25-30% protein, 20% carbohydrates and 5% fiber (Fageria et
al., 1997). Peanut is the main summer crop in newly reclaimed sandy soils in
Egypt, which are usually poor in plant nutrients and organic matter.

Nitrogen fixation presented by root nodule bacteria is the main source of
nitrogen for peanut. Therefore, inoculation of peanut seeds with effective
rhizobium has been recommended by many investigators (James et al., 2005;
El-Sawy et al., 2006 and Abdalla et al., 2009). Plant growth promoting
rhizobium have the ability to enhance the plants growth either directly by
phytohormone production, Nj-fixation, sidrophores production ....etc. or
indirectly, through biological control of pathogens or induction of host defense
mechanisms (Glick, 1995). Calcium appears to be essential for the growth of
meristems, translocation regulator, activator for some enzymes and functioning
of root tips. It is also present as calcium pectate, which is a constituent of the
middle lamella of the cell walls. Calcium defacing causes a stunting of the root
system and failure of terminal buds of plant (Teuscher et al., 1960 and
Russell, 1961).

Utilization of gypsum (CaS0,4.2H,0) as a soil amendment refers to
improvement of hydrophysical, chemical and biological properties of soil,
particularly for agricultural purpose (Morsy et al., 1982). They added that
gypsum promoted earlier maturation up to one week and produced the highest
yields. Gypsum is the cheapest and best source of S and Ca nutrients, which
associated with various enzymatic processes of all living cells and biosynthesis
(Devakumar, 1995). Addition of gypsum (as a source of Ca) believed to be one
of the important factors controlling yield and its quality of peanut. In this
connection, many investigators found that addition of gypsum increased filling
percentage of peanut pods, pod yield/fed and improved yield quality (Taksina,
1994; Ali et al., 1995 and Hussein et al., 2000). Also, Ismail (2005) reported
that gypsum application induced a significant increase for each of pods yield
and its components as well as shelling and filling percentages of peanut.

Although micronutrients are needed in relatively very small quantities for
adequate plant growth and production, their deficiencies induce a great
disturbance in different physiological and metabolic processes inside the plant
(Nassar et al., 2000). In this concern, iron is essential for plant growth where it
occurs in chloroplasts and heme and nonheme proteins and is involved in the
mechanisms of photosynthetic, electron transfer as well as in nitrate and
sulphate reduction. Fe®" and Fe®* ions have also catalytic and structural roles
(Morschner, 1998). Yet, Knany et al. (2000) on soybean and Nassar (2007)
on peanut stated that oil percentage, seed and straw yields as well as N, P and K
contents were significantly increased by foliar addition of iron.
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Therefore, the present study was carried out for evaluating the response of
peanut plants grown on a newly reclaimed sandy soil to rhizobium inoculation
in combination with gypsum and iron foliar spray applications.

MATERIALS AND METHODS:

A field experiment was carried out on a newly reclaimed sandy soil at
South-Tahrir Sector, Al-Behira Governorate, Egypt during the two successive
summer seasons of 2008 and 2009 under sprinkler irrigation system. This study
was conducted to identify the effect of Rhizobium leguminosarum as bIO-
inoculation in combination with gypsum at the rates of 0, 0.5 and 1.0 ton fed™
and iron foliar spray at the rates of 0, 0.3 and 0.6 g L added at 30 and 50 days
after sowing on improving some soil properties as well as peanut pod or seed
yield and its contents of oil, protein and nutrients.

The experimental soil samples (0-30 cm depth) were taken before the
performance of the experiments. Some physical and chemical analyses of the
experimental soil were determined according to Black et al. (1965) and Page et
al. (1982), and then the obtained data are presented in Table (1). Soil available
macronutrients were determined by methods cited by Chapman and Pratt
(1961); and soil available Fe, Zn, Mn, and Cu were extracted by the DTPA
(Lindsay and Norvell, 1978).

Bacterial inoculants:

Rhizobium leguminosarum were supplied by the Dpartment of
Microbiology, SWERI, ARC, Giza. Strains were characterized by effective
ability to infect specific host plants and high efficiency in Ny-fixation. Strains
were grown on a medium of Vincent (1970). The preparation of these
inoculants was carried as vermiculite supplemented with 10% peat was packed
in polyethylene bags (400 L). Bags were then sealed and sterilized by Gamma
irradiation (5.0 x 10° rads). Bacterial culture was injected onto the sterilized
vermiculite to satisfy 60% of water holding capacity of the carrier mixture.

Peanut seeds of the commercial variety Giza 6 were kindly provided by
Field Crops Research Institute, Agric. Res. Center, Giza, Egypt. Seeds of
peanut were divided into two parts, the first was inoculated with rhizobial
inoculants containing the strain and the second was cultivated without
inoculation. Seeds of peanut were mixed with suitable amount of Arabic gum
15% then thoroughly mixed with rhizobial inoculant. The rate of application
was 10 g/100 g seeds (200 g inoculant/fed). This process was carried out in the
field just before seedlln% Seeds of peanut were sown in hill 10 cm apart in
ridges on the 18" and 21™ of April in the 1% and 2" seasons, respectively.

Basic application of phosphorus fertilizer, as calcium superphosphate
(15.5% P,0s) was added during the seed bed preparation at the rate of 30 kg
P,Os/feddan. Potassium sulphate (48% K,0) at the rate of 50 kg/fed was
applied, however, nitrogen fertilizer was applied at a rate of 30 kg N/fed as
ammonium sulphate (20.6% N). Both N- and K- fertilizers were applied in two
equal doses, i.e., at planting and one month later. The normal cultural practices

for peanut were applied as recommended in the sector. Sprinkler irrigation was
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applied as plants needed. Peanut was manually harvested on September 13" and
17" in the first and second seasons, respectively.

Table 1. Some physical, chemical and fertility characteristics of the studied soil.

Soil characteristics Zoozeasogoog Soil characteristics. 200%86153809
Particle size distribution %: CEC (c molc kg™ soil) 432 | 4.15
Sand 96.83 | 93.69 | EC (soil paste, dS/m) 0.73 | 0.75
Silt 1.77 | 1.53 |Soluble cations (mmolcL™):

Clay 4.40 478 | Ca™ 232 | 250
Textural class Sandy Mg** 169 | 170
Bulk density (g cm’) 155 | 153 | Na 3.05| 3.03
Total porosity % 4151 | 42.26 | K* 0.25 | 0.27
Available water %6.85 6.85 | 6.97 |Soluble anions (mmolcL™):
Hydraulic conductivity (cm h™) | 14.24 | 14.03 | CO;” 0.00 | 0.00
CaCO;3; % 121 140 | HCOs 2.60 | 2.63
Organic matter % 0.29 035 | CI 251 | 248
pH (1:2.5 soil water suspension) 7.82 7.80 | SO, 2.20 | 249

Season Available nutrients (mg kg™ soil)

N P K Fe Mn Zn Cu
2008 21 3.1 45 2.54 0.82 0.70 0.35
2009 23 3.7 49 3.15 0.90 0.73 0.40
The experlmental design was split-split plot with four replicates, and the

plot area was 10.5 m?, and consisting of five rows (3.5 m length and 60 cm
pbetween rows). Inoculation with rhizobium was arranged in the main plots.

Three rates of gypsum (0, 0.5 and 1.0 ton/fed) were distributed in the sub plots,
however, sub-sub plots were occupied by Fe spraying treatments (0, 0.3 and 0.6
g Fe/L) which was done twice at vegetative stage (30 days after sowing) and at
pod development period (50 days after sowing) at the rate of 400 L/fed in each
spray. Five peanut plants were uprooted randomly from each plot after 75 days
for determination plant growth, number of root nodules, dry weight of nodules
and shoot and root dry weights.

At harvest, the yield and its components were recorded. Ten plants of the
middle two rows were taken randomly from each sub-sub plot to record number
of pods/plant, pods and seeds weight (g/plant), 100-seed weight (g) and
shelling%. Whole plot was harvested and pods were air dried to calculate pods
and seed yield/fed.

Seed contents of N, P, K, Fe, Zn, Mn and Cu were determined using the
methods described by Chapman and Pratt (1961). Protein content % was
calculated by multiplying N% by 6.25. Seed oil content% was determined by
using Soxhlet apparatus and petroleum ether as an organic solvent as described
by A.O.A.C. (1990).

All data were statistically analyzed according to Snedecor and Cochran
(1982). Means of different treatments were compared using the L.S.D test at
5% probability. Soil samples were collected from the surface layer of each plot
(0-30 cm) to determine some physical and chemical analysis according to
Hesse (1977), Loveday (1974) and Black and Hartge (1986).
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RESULTS AND DISCUSSION:
I. Effect of bio-inoculation and gypsum application on some soil properties:
a. Soil bulk density and total porosity:

Data in Table (2) showed that there were no differences between un-
inoculated and inoculated treatments on bulk density and total porosity during
the two studied seasons of 2008 and 2009. Data also showed that increasing the
rates of gypsum addition, generally decreased the bulk density and increased
the total porosity. The decrease in bulk density may be attributed to the effect of
both applied gypsum and microbial activity on the redistribution of soil
particles which tended to decrease soil bulk density, and consequently the total
porosity increasing. The best improved effect was subjected with highest rates
of gypsum. These finding are in harmony with those outlined by Abbas et al.
(2004) and Massoud (2006) who found that, the soil bulk density tended to
decrease due to increasing gypsum addition.

b. Soil pH:

The obtained data in Table (2) showed that the pH values for un-
inoculated and inoculated treatments were not affected by rhizobium
inoculation. Also, data showed that the effect of gypsum addition on pH values
markedly decreased when compared with the treatments without addition. The
lowest value of pH (7.48) was obtained at 1.0 ton gypsum/fed with inoculation.
The decline in soil pH by gypsum application was probably due to the role of
applied gypsum and released SO,* (Mohamed et al., 1997 and Massoud
2006).

c. Soil electrical conductivity (ECe):

The application of gypsum with inoculation increased the EC in the
studied soil as compared with the control in un-inoculated treatments. The
addition of gypsum at the rate of 1.0 ton/fed with inoculation was more affected
on ECe than the application 500 kg/fed. In this respect, Modaihsh et al. (1989)
stated that the addition of 0.5 ton S/fed significantly decreased the pH and
increased the EC in soil. Similar results were obtained by Nassar (2007).

Table (2): Effect of rhizobium inoculation and gypsum application on some
properties of the tested soil at harvesting stage.

Bulk densit Total porosit

Bio- Gypsum rate ECe (dS/m) pH (1:2.5) (g cm) y &) y
inoculation (ton/fed) .

2008 2009 2008 2009 2008 2009 2008 2009

0.0 0.75 0.75 7.8 7.80 1.55 1.53 4151 | 42.26

. . 0.5 0.77 0.78 7.7 7.70 1.53 1.50 42.26 | 43.39

Un-inoculation

1.0 0.79 0.80 7.6 7.60 15 1.47 4339 | 4452

Mean 0.77 0.77 1.53 1.50 4238 | 43.39

0.0 0.77 0.76 7.78 7.78 1.55 1.53 41.51 42.26

. 0.5 0.81 0.80 7.68 7.68 1.52 1.49 42.64 43.77

Inoculation
1.0 0.83 0.82 7.6 7.60 1.49 1.46 43.77 44.90
Mean 0.80 0.79 1.52 1.50 42,64 | 43.64
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d. Available nutrient contents in soil:

Data in Table (3) showed that available macro and micronutrients content
in soil such as N, P, K as well as Fe, Zn, Mn and Cu increased by rhizobium
inoculation after harvesting of peanut plants than un-inoculated treatments,
probably due to the root nodules which tended to increase all available nutrients
contents in soil. These results are in harmony with those obtained by
Mekhemer and Alkahal (2002) and Massoud (2006).

Table (3): Effect of rhizobium inoculation and gypsum application on some soil
available nutrient contents at harvesting stage.

Bio- Gypsum rate
. . N P K Fe Mn Zn Cu
inoculation (ton/fed)
Season of 2008
0.0 23 3.33 48 2.65 0.85 0.73 0.35
Un- 0.5 34 4.13 60 2.76 0.95 0.88 0.39
inoculation 1.0 38 4.86 71 2.83 0.96 0.93 0.42
Mean 32 4,10 60 2.74 0.91 0.85 0.39
0.0 35 4.06 53 2.79 0.85 1.03 0.38
. 0.5 44 4.72 69 2.85 0.95 1.32 0.41
Inoculation
1.0 49 5.03 76 2.89 1.00 1.41 0.45
Mean 42 4.60 66 2.84 0.93 1.25 0.41
Season of 2009
0.0 21 3.66 45 3.16 0.92 0.70 0.43
Un- 0.5 28 4.79 68 3.43 0.97 0.82 0.46
inoculation 1.0 31 5.06 78 3.61 1.00 0.86 0.48
Mean 27 4.50 63 3.40 0.96 0.79 0.46
0.0 40 4.01 61 4.05 0.90 0.90 0.51
. 0.5 43 5.13 72 4.33 0.97 0.96 0.57
Inoculation
1.0 50 5.65 80 4.62 1.05 1.00 0.63
Mean 44 4,93 71 4.34 0.97 0.95 0.57

Regarding gypsum addition, data showed that available nutrients in soil
increased with increasing doses of gypsum addition. The greatest values of
available macro and micronutrients were obtained with 1.0 ton gypsum/fed.
These increments may be due to that gypsum application caused improvement
soil properties, and consequently increasing available nutrients. Similar results
were obtained by EI-Shahawy (2003), Abbas et al. (2004) and Massoud
(2006).

With respect to the combination effect between inoculation and gypsum
addition, it can be seen that the high level of gypsum (1.0 ton/fed) with
inoculation gave the greatest values of available nutrients content in soil
compared with the low rate (0.5 ton/fed.) and control. On the other hand, iron
foliar spraying has no appreciable effect on the soil properties.

I1. Vegetative growth:

The number and dry weight of nodules developed on peanut roots and dry

weight of shoots and roots taken after 75 days from sowing are presented in
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Table (4). The results revealed that rhizobium inoculation significantly
increased the studied plant parameters as compared with the un-inoculated
treatments. This increase may be due to the role of rhizobium in increasing
plant growth and Nj-fixation (Saleh et al., 2007). Also may be due to the
production of phytohormones such as auxins, cytokinins, gibberllins and abscic
acid by rhizobium. These findings are in agreement with those obtained by
Husen (2003) and EI-Sawy et al. (2006). The increase in dry weight of shoots
and roots may be due to a higher nitrogen accumulation per plant, enhancement
of plant vigour and nitrogen fixation (EI-Howeity 2008 and El-Howeity et al.,
2009).

In this concern, Massoud et al. (2005) indicated that rhizobium
inoculation of pea seed and other legumes increased nodulation, also, Abdalla
et al. (2009) found that inoculation of peanut with rhizobium led to a significant
increase in the nodulation status as compared to the control.

Also, the data showed that addition of gypsum significantly increased the
number and dry weight of nodules/plant as well as dry weight of shoots and
roots (g) of peanut plants, as shown in Table (5). It can be seen that the highest
rate of gypsum (1.0 ton/fed) gave the greatest values of these parameters as
compared to the low rates and the control. The positive effect of gypsum
application could be attributed to improve physical, chemical and biological
soil properties, and consequently led to increase the activation in rhizosphere
zone. Massoud (2006) and Abdalla et al. (2009) obtained similar results.

Table (4): Number and dry weight of nodules, dry weight of shoots or roots after 75
days of planting as affected by rhizobium inoculation, gypsum and iron
foliar spray applications (combined analysis of 2008 and 2009 seasons).

g % @ No. of nodules/plant | Dry weight of nodules (mg/plant)
b% % < 5 g Iron foliar spray (g/L), C
g &2 | oo | 03 06 | Mean | 00 03 | 06 | Mean
0.0 23.3 25.3 26.6 25.1 150 168 191 169
Un- 0.5 31.6 32.0 333 32.9 205 211 228 215
inoculation 1.0 30.3 325 35.3 32.7 202 228 247 225
Mean 28.4 29.9 31.7 30.2 186 202 222 203
0.0 56.3 58.6 60.4 58.4 388 392 458 412
. 0.5 61.8 65.4 68.4 65.2 390 429 439 419
Inoculation
1.0 71.5 74.4 76.6 74.1 424 474 484 460
Mean 63.2 66.1 68.5 56.9 400 431 460 430
A 0.23 20.80
B 0.27 12.41
LSD. C 0.19 3.45
at0.05 AxB 0.38 17.58
AxC 0.84 4.87
BxC 1.03 5.96
AxBxC 1.46 8.43
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Table (5): Dry weight of shoots or roots after 75 days of planting as affected by
rhizobium inoculation, gypsum and iron foliar spray applications
(combined analysis of 2008 and 2009 seasons).

. m Dry weight of shoots (g/plant) Dry weight of roots (g/plant)
Bio- | E =
inoculation, | 8 ® & Iron foliar spray (g/L), C
A 3 5
=| 00 0.3 0.6 Mean 0.0 0.3 0.6 Mean
0.0 13.67 16.19 16.81 15.56 1.36 1.54 1.64 151
un- 0.5 19.75 21.65 23.05 21.48 1.75 1.79 1.82 1.78
inoculation 1.0 22.26 22.81 24.20 23.09 1.94 1.98 2.03 1.98
Mean 18.56 20.22 21.35 20.04 1.68 1.77 1.83 1.76
0.0 22.95 24.38 25.53 24.28 2.07 2.16 2.21 2.15
Inoculation 0.5 24.42 25.84 27.01 25.75 2.23 2.30 2.36 2.30
1.0 25.72 26.32 28.11 26.71 2.34 2.42 2.47 2.41
Mean 24.36 25.51 26.88 25.58 2.21 2.29 2.35 2.29
A 0.29 0.024
B 0.18 0.020
LsSD. C 0.12 0.017
at 0.05 AxB 0.25 0.080
AXC 0.17 0.020
BxC 0.21 0.290
AXBXC 0.30 0.041

With respect to the effect of iron foliar spray, the data in Tables (4 and 5)
showed that number and weight of nodules/plant as well as dry weight of shoots
and roots of peanut plants were increased with increasing iron rates. That means
there was a gradual response in the studied parameters of peanut plants due the
iron levels increase. The greatest increases of these parameters were obtained
by the highest rate of iron as foliar spray.

Concerning the combination effect between bio-inoculation and applied
gypsum rates, it can be observed that the highest rate of gypsum (1.0 ton/fed)
with bio-inoculation gave the greatest values for all studied parameters of
peanut plants after 75 days than the low level (0.5 ton/fed) and the control.
Also, the interactions effect between the bio-inoculation and iron rates on the
previous plant parameters indicated that bio-inoculated treatments Wwere more
effective than un-inoculated ones. The highest rate of iron (0.6 g L™) with bio-
inoculation gave the greatest values for all the studied parameters of peanut
plant as compared with the low rate (0.3 g Fe L™) and the control. With regard
to the effect of interaction between gypsum and iron levels without bio-
inoculation, data indicated that the greatest effect of gypsum was recorded with
the highest rate of iron (1.0 ton gypsum fed * + 0.6 g Fe L™).

Moreover, the best values of different studied plant parameters were
obtained at the combined treatment of (1000 kg gypsum/fed + 0.6 g Fe L™ with
bio-inoculation). i.e., 76.6, 484, 28.11 and 2.47 for number of nodules/plant,
nodules dry weight (mg/plant), dry weight of shoots (g/plant) and dry weight of
roots (g/plant), respectively.
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I11. Yield and its components:

Data in Tables (6 and 7) showed that Rhizobium leguminosarum
inoculation significantly increased pods and seed yields and their components,
i.e., No. of pods/plant, seed weight/plant, 100 seed weight (g) and shelling % as
compared with un-inoculated treatments. The positive effect of rhizobium
inoculation in yield and its components was achieved due to the activity of root
nodules to improve nitrogen fixation by increasing the number of rhizobium,
which produced more amounts of bio-fixed nitrogen that led to high peanut
yield and its attributes. These results are in agreement with those reported by
Osman and Ahmed (2004) and Abdalla et al. (2009) who found that
rhizobium inoculation enhanced seeds yield and its components of peanut
plants.

Also, the obtained data showed that application of gypsum significantly
increased all studied parameters of peanut yield and its components. The
greatest effect of gypsum was recorded with the applied highest rate of gypsum
(1.0 ton/fed) as compared with low rate of 0.5 ton/fed and the control. These
increments may be attributed to the effective role of calcium as an essential
macronutrient on plant growth as an activator for some important enzymes,
which in turn affected pod and seed weights. These results are in agreement
with those obtained by Dahdouh (1999), Hussein et al. (2000) and Ismail
(2005). Abou Baker et al. (1994), EI-Naggar et al. (1996), Gendy et al.
(1996), El-Saadany et al. (2003) and Ismail (2005) studied the effective role
of gypsum application on peanut yield and its quality, and their results are in
harmony with the findings of the current study.

Table (6): No. of pods/plant, weight of pods/plant and seed weight/plant as
affected by rhizobium inoculation, gypsum and iron foliar spray
applications (combined analysis of 2008 and 2009 seasons).

s c m No. of pods/plant Pods weight (g/plant) Seeds weight (g/plant)
-Déﬂ g < é% E Iron foliar spray (g/L), C
o > ==
E © £l 00 0.3 0.6 | Mean | 0.0 0.3 0.6 | Mean | 0.0 0.3 0.6 | Mean
IS 0.0 266 | 272 | 272 | 271 0 337 | 353 | 335 | 240 | 27.0| 285 | 265
LB 0.5 28.1 | 285 | 287 | 282 | 314|424 | 444 | 452 | 302|332 | 343 | 326
> § 1.0 285 | 29.0 | 28.7 | 28.7 | 38.6 | 474 | 455 | 451 | 325|350 | 344 | 340
£ Mean | 27.7 | 282 | 283 | 28.0 | 425|412 | 417 | 413 | 289|317 | 324 | 310
s 0.0 273 |1 278 | 282 | 278 | 40.8 | 405 | 434 | 40.2 | 303 | 32.0 | 347 | 323
3 0.5 289 | 295 | 296 | 293 | 368 | 513|526 | 505 | 374 | 40.0 | 320 | 39.7
§ 1.0 30.3 | 306 | 30.7 | 306 | 475|544 |56.3 | 53.8 | 394 | 42.7 | 4306 | 41.9
= Mean | 28.8 | 294 | 295 | 29.2 | 504 | 494 | 50.1 | 48.2 | 35.7 | 38.6 | 39.8 | 38.0
A
B 0.840 0.08 0.68
0.048 0.16 0.25
L.S.D. c 0.048 0.25 0.24
at AxB 0.062 0.72 0.35
0.05 AxC 0.068 0.36 0.33
0.830 0.44 0.41
BxC 0.120 0.62 0.58
AxBxC
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Table (7): Shelling %, pods yield/fed, weight of pods/fed and 1000 seed weight/plant
as affected by rhizobium inoculation, gypsum and iron foliar spray
applications (combined analysis of 2008 and 2009 seasons).

<. Shelling % | Podyield (kg/fed) | Seedsyield (kg/fed) |10 seeds weight (g/plant)
s § f.\ Iron foliar spray (g/L), C
E|§&
S| 2%
= 5\; 00| 03| 06|Mean| 00| 03| 0.6 |Mean| 00| 03| 0.6|Mean| 0.0f 0.3| 0.6 | Mean
| 00 |es52]67.0]69.1|67.1 11301221 | 1255|1202 | 726 | 792 | 848 | 789 |655]71.0] 746 | 703
S| o5 |70940 [750]736|1233]1274] 1334|1281 841 | 904 | 966 | 904 |76.8]83.1] 845 | 815
] 10 [740] 751763 [752]1303]1399] 1500 | 1401 | 921 | 999 |1081]1001[81.6|865]87.9 | 853
Mean | 70.4 | 72.0 | 735 | 72.0 | 1222 | 1208 | 1363 | 1294 | 829 | 898 | 965 | 898 |74.0]80.2 | 823 | 79.0
00 | 711|732 7507311284 1354 1415 [ 1382 910 | 973 | 1050 981 [74.4]78.7| 827 | 786
g | 05 | 758787 807|784 1407|1516 | 1605 | 1510 | 1041 1157 | 1234 [ 1144 [87.3| 93.0] 942 | 915
S| 10 |805 8248458251501 1631 1661|1507 | 11601293 | 1361 | 1271]90.7 [ 96.0] 96.2 | 94.3
Mean | 75.8 | 78.1 | 80.1 | 78.0 | 1397 | 1510 | 1550 | 1496 | 1037 | 1141 | 1218 | 1132 | 84.1 [ 89.2 | 91.0 | 88.1
A 0.75 18.97 5.63 057
o| B 031 14.87 28.39 053
s| ¢ 017 10.82 9.25 056
S|~ 0.44 21.02 40.22 0.75
& | AxC 0.24 15.27 15.18 0.78
=1 Bxc 0.29 18.70 1859 0.96
AXBXC 0.41 26.45 26.29 1.36

Data also showed that the effect of iron foliar spray was significantly
affected the previous studied peanut parameters The greatest effect of iron was
recorded at the highest rate of 0.6 g L. These increments may be attributed to
the important role of iron for chloroplasts and heme and nonheme proteins.
Also, Fe is involved in mechanism of photosynthetic electron transfer as well as
in nitrate and sulfate reduction, where the ions of Fe®* and Fe®* have catalytic
and structural roles. Therefore Fe promotes the growth of green parts, and
consequently produces high yield of pods and seeds (Morschner, 1998 and
Nassar et al., 2002). These results are in a good agreement with those reported
by Singh (2001), Mehasen and EI-Ghazoli (2003) and Nassar (2005).

Concerning the combined effect between bio-inoculation and applied
gypsum rates, it could be observed that applied highest rate of gypsum (1.0
ton/fed) in combination with bio-inoculation gave the greatest values of all
studied parameters of peanut yield and its attributes as compared with the low
rate of 0.5 ton gypsum/fed and the control. Also, the interaction effect between
bio-inoculation and applied iron rates on peanut yield and its components
indicated that bio-inoculation was more effective than un-inoculated one.
Moreover, it could be noticed that the highest iron rate of 0.6 g L™ in
combination with bio-inoculation gave the greatest values for all studied
parameters of peanut yield and its components as compared with low iron rate
(0.3 g L™) and the control.
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Biochemical constituents of peanut seeds:

Data in Tables (8-13) indicated that bio-inoculation treatment of peanut
seeds significantly increased N, P, K, Fe, Mn, Zn and Cu contents and uptake as
well as oil and protein contents either as percent or kg/fed of peanut seeds as
compared with un-inoculated one. The positive effect of rhizobium inoculation
may be due to the increase of nodules number of peanut roots, which increase
No-fixation and its uptake, and consequently increased nitrogen and protein
content in peanut seeds. In addition, the positive effect of rhizobium inoculation
on the other nutrients of P, K, Fe, Mn, Zn and Cu as well as oil contents in
peanut seeds may be due to the pronounced increase in nitrogen bio-fixation,
which enhances the vegetative growth of plant, and consequently increased the
uptake of these nutrients in peanut seeds. Similar results were obtained by
Osman and Ahmed (2004) and Massoud et al. (2005).

Data also showed that either N or P content and uptake (kg/fed) as
macronutrients as well as Fe, Mn, Zn and Cu contents and uptake (g/fed) as
micronutrients and both oil and protein contents (kg/fed) in peanut seeds were
significantly increased with increasing the applied gypsum rates. The
increments of the nutrient contents as a result of applied gypsum rates may be
ascribed to the formation and activation of root nodules, and hence increasing
the bio-fixed nitrogen.

Table (8): N, P and K contents in peanut seeds as affected by rhizobium
inoculation, gypsum and iron foliar spray applications (combined
analysis of 2008 and 2009 seasons).

< © N % P % K %
c | 82
S -% = Iron foliar spray (g/L), C
m= 2=
3|25
2 &S |00 | 03|06 |Mean| 00| 03] 06]|Mean| 00|03 ]| 06 |Mean
= 0.0 218 | 254 | 272 | 248 | 0.15 | 024 | 0.22 | 0.20 | 095 | 0.98 | 0.93 | 0.95
& =] 0.5 2.60 | 3.00 | 3.18 | 292 (032030028 | 030 |[0.89|0.82]|0.80 | 0.83
=) § 1.0 282 | 316|338 | 312 (036 | 035|030 | 033 [0.70|0.73 | 0.68 | 0.70
£ | Mean | 253|290 | 3.09 | 284 | 028 | 030|027 | 028 | 085|084 |080]| 082
- 0.0 350|389 417 | 385 |033|030|027 | 030 | 118 | 125|126 | 1.23
'% 0.5 400 | 450 | 458 | 436 | 037 (034 |032| 034 | 1.03|1.04|1.06 | 1.04
§ 1.0 427 | 463 | 480 | 456 | 042 | 036 | 034 | 037 | 090 | 0.93 | 0.90 | 0.91
c
- Mean | 3.92 | 434 | 452 | 425 | 037 | 033|031 | 034 | 1.03| 1.07 | 1.07 1.06
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Table (9): N, P and K uptake by peanut seeds as affected by rhizobium
inoculation, gypsum and iron foliar spray applications (combined
analysis of 2008 and 2009 seasons).

< 2. N uptake (kg fed™) P uptake (kg fed™) K uptake (kg fed?)
= @©
S é E "9: Iron foliar spray (g/L), C
©S | 3%
g | S8
< (Ol 0.0 0.3 06 [Mean| 00 | 0.3 | 0.6 | Mean | 0.0 0.3 0.6 | Mean
c 0.0 16.40 | 19.87 | 23.32 | 19.86 | 1.08 | 1.90 [ 1.86 | 1.61 | 6.91 | 7.82 | 7.91 7.54
:.:'(_% 0.5 2195|2739 |31.20 | 26.84 | 269 | 2.71 | 270 | 270 | 6.72 | 7.41 | 7.72 7.28
> § 1.0 26.24 | 32.16 | 37.07 | 31.82 | 3.31 | 349 (324 | 334 | 644 | 7.29 | 7.13 | 7.05
£ Mean | 21.53 | 26.47 | 30.53 | 26.17 | 2.36 | 2.70 | 260 | 255 | 6.69 | 750 | 7.68 | 7.29
= 0.0 3239 | 37.55 | 4447 | 38.14 | 3.00 | 291 | 2.85| 2.92 | 10.73 | 12.16 | 13.34 | 12.07
=] 0.5 4153 | 51.60 | 56.39 | 49.84 | 3.85|3.93 |3.94 | 3.91 | 10.72 | 12.03 | 13.08 | 11.94
Tg 1.0 49.30 | 59.34 | 65.60 | 58.08 | 4.87 | 4.78 | 4.62 | 4.75 | 10.44 | 12.02 | 12.24 | 11.57
= Mean |41.07 | 49.49 | 55.49 | 48.68 | 3.90 | 3.87 | 3.80 | 3.86 | 10.63 | 12.07 | 12.88 | 11.86
A 0.84 0.06 0.20
8 B 1.27 0.11 0.23
,C_’: C 0.64 0.04 0.10
g AxB 1.80 0.16 0.32
v AXC 0.90 0.05 0.15
- BXC 1.10 0.06 0.18
AXBXC 1.56 0.09 0.25

The present results coincide with those obtained by Ismail (2005),
Othman et al. (2005) and Massoud (2006) who found that gypsum addition to
legumes increased N, P, Ca, protein and other nutrients in plants and seeds. On
the contrary, a significant reduction in seed K content was obtained due to
application of gypsum. This may be due to the existence of antagonism between
K and Ca nutrients in soil, such phenomenon is a physiological in nature and
occurs during the process of nutrients absorption by roots and further
translocation from root to shoots (Shukla and Mukhi, 1979). Moreover,
Ismail (2005) found that application of high amount of gypsum lowered the
uptake of potassium by plant roots.
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Concerning the effect of iron foliar spray on nutrients uptake as well as
oil and protein contents of peanut seeds, the obtained data showed that seed
contents of N, K, Fe and Mn and uptake as well as protein and oil contents were
significantly increased in both tested seasons when spraying the peanut plants
with Fe. The reverse trend was true for seed contents of P, Zn and Cu and their
uptake, where significantly decreases were occurred with increasing the applied
rate of Fe, this phenomenon may be due to the antagonism between Fe and
these nutrients within plant parts during the process of absorption of nutrients
by roots and further translocation from roots to shoots. These findings are in
harmony with those reported by Anderson and Parkpin (1988) and Nassar
(2005) for either both Fe and Zn or Fe and Cu antagonisms, respectively.

Table (12): Protein and oil contents % of peanut seeds as affected by
rhizobium inoculation, gypsum and iron foliar spray
applications (combined analysis of 2008 and 2009
seasons).

] Protein % Oil %
Bio-
inoculation,
A

Iron foliar spray (g/L), C

Gypsum
rate
(ton/fed), B

0.0 0.3 0.6 Mean 0.0 0.3 0.6 Mean

0.0 13.62 | 15.87 | 17.00 | 15,50 | 45.13 | 45.65 | 45.77 | 4551

Un- 0.5 16.25 | 18.75 | 19.87 | 18.25 | 45.82 | 45.97 | 46.02 | 45.93
inoculation 1.0 17.62 | 19.75 | 21.12 | 19.50 | 46.16 | 46.57 | 46.83 | 46.52
Mean | 15.81 | 18.12 | 19.31 | 17.75 | 45.70 | 46.06 | 46.20 | 45.98
0.0 21.87 | 24.31 | 26.06 | 24.06 | 46.97 | 47.08 | 47.19 | 47.08
0.5 25.00 | 28.12 | 28.62 | 27.25 | 47.13 | 47.38 | 47.58 | 47.36
1.0 26.68 | 28.93 | 30.00 | 28.50 | 47.71 | 47.93 | 48.05 | 47.89
Mean | 24.50 | 27.12 | 28.25 | 26.56 | 47.27 | 47.46 | 47.60 | 47.44

Inoculation
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Table (13): Protein and oil in kg fed” of peanut seeds as affected by rhizobium
inoculation, gypsum and iron foliar spray applications (combined analysis
of 2008 and 2009 seasons).

o _ £ = Protein (kg fed™) Oil (kg fed™)
B|o-|noZuIat|on, é%%m Iron foliar spray (g/L), C
O & | 00 | 03 | 06 |Mean]| 00 | 03 | 06 | Mean
0.0 102,50 | 124.19 | 145.75 | 124.14 | 327.6 | 3615 | 388.1 | 359.1
. _ 05 137.18 | 171.18 | 195.00 | 167.78 | 3853 | 413.6 | 444.6 | 415.2
Un-inoculation
1.0 164.00 | 201.00 | 231.68 | 198.89 | 425.1 | 4652 | 506.2 | 4655
Mean | 134.60 | 165.50 | 198.80 | 163.60 | 379.4 | 414.1 | 4463 | 4133
0.0 202.40 | 234.68 | 277.93 | 238.34 | 427.4 | 4581 | 499.7 | 4617
inoculation 0.5 259.56 | 322.50 | 352.43 | 311.49 | 490.6 | 548.2 | 587.1 | 542.0
1.0 308.12 | 370.87 | 410.00 | 363.00 | 553.4 | 619.7 | 653.9 | 609.0
Mean | 256.70 | 309.40 | 346.80 | 304.27 | 490.5 | 542.0 | 580.3 | 537.6
A 11.60 18.91
B 14.23 19.67
s c 9.25 12.00
005 AxB 20.15 27.86
AXC 13.05 16.94
BXC 15.99 20.70
AXBXC 22.61 29.35

Concerning the combined effect between bio-inoculation and applied
gypsum rates, the obtained data showed the highest rate of 1.0 ton/fed in
combination with bio-inoculation gave the greatest values of N, P, Fe, Mn, Zn
and Cu contents and uptake as well as protein and oil contents (kg/fed).
However, the greatest values of potassium content and uptake were recorded
when plants received the lowest rate of gypsum with bio-inoculation.

Also, studying the combined effect between the bio-inoculation and Fe
foliar spray rates, data observed that the highest rate of iron (0.6 g/L) with bio-
inoculation gave the greatest values of N, K, Fe and Mn contents and uptake as
well as oil and protein contents in peanut seeds. However, bio-inoculation of
peanut plants at zero rate of Fe (spraying with tap water) gave the greatest
values of P, Zn and Cu contents and uptake.

As for the effect of interaction between applied gypsum and iron foliar
spray, the data indicated that the greatest effect was recorded with the highest
rate of both gypsum and iron (1.0 ton gypsum/fed + 0.6 g Fe/L) for increasing
N, Fe and Mn contents and uptake as well as oil and protein contents.
Meanwhile, the highest rate of gypsum (1.0 ton/fed with 0.3 g Fe/L) gave the
greatest values of P, Zn and Cu uptake. Also, the highest rate of Fe without
gypsum addition gave the greatest values for potassium content and uptake.

Moreover, the best treatment of interaction between bio-inoculation,
gypsum addition and iron foliar spray was obtained at the combined treatment
of (1.0 ton gypsum/fed + 0.6 g Fe/L with bio-inoculation) for all nutrient
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contents and uptake as well as oil and protein contents, except of K content and
uptake.
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Table (10): Fe, Mn, Zn and Cu contents in peanut seeds as affected by rhizobium inoculation, gypsum
applications (combined analysis of 2008 and 2009 seasons).

and iron foliar spray

68

s |€aw Fe (mg kg™) Mn (mg kg™) Zn (mg kg™ Cu (mg kg™)
B |EE .
3 2 £ Iron foliar spray (g/L), C
o Qo o
> 5
= O = 00 0.3 0.6 |Mean 0.0 0.3 0.6 |Mean 0.0 0.3 0.6 [Mean 0.0 0.3 0.6 | Mean
G 0.0 203 262 293 253 | 283 | 29.0 | 312 | 295 | 323 | 38.7 | 347 | 352 | 480 | 450 | 410 | 450
2 0.5 247 317 342 302 | 309 | 30.6 | 342 | 319 | 456 | 453 | 406 | 438 | 490 | 4.90 | 450 | 4.80
Dé 1.0 293 | 335 377 335 | 323 | 335 | 332 | 33.0 | 595 | 524 | 456 | 525 | 6.00 | 580 | 520 | 5.70
Mean | 247 304 337 297 | 305 | 31.0 | 329 | 314 | 458 | 455 | 40.3 | 438 | 523 | 5.06 | 460 | 5.00
0.0 230 286 342 286 | 40.9 | 423 | 446 | 426 | 371 | 37.2 | 335 | 359 | 6.60 | 6.30 | 570 | 6.20
g 0.5 263 | 336 386 | 328 | 421 | 43.0 | 46.4 | 438 | 53.3 | 485 | 428 | 482 | 7.20 | 6.70 | 6.20 | 6.70
= 1.0 287 379 | 426 | 364 | 456 | 473 | 494 | 474 | 643 | 56.8 | 521 | 57.7 | 810 | 760 | 7.20 | 7.60
Mean | 260 | 334 384 326 | 429 | 442 | 468 | 446 | 51.6 | 475 | 428 | 472 | 7.30 | 6.87 | 6.37 | 6.80

Table (11): Fe, Mn, Zn and Cu uptake by peanut seeds as affected by rhizobium inoculation, gypsum
and iron foliar spray applications (combined analysis of 2008 and 2009 seasons).

g 2w Fe (g fed™) Mn (g fed™) Zn (g fed™) Cu (g fed™)
§ < | § ks Iron foliar spray (g/L), C
2 g g
= ® =| 00 0.3 0.6 [Mean 0.0 0.3 0.6 [Mean 0.0 0.3 0.6 [Mean 0.0 0.3 0.6 |Mean
S 0.0 147 208 248 201 20.5 229 26.4 23.2 23.4 30.6 29.4 27.8 3.48 3.56 3.47 3.50
e 0.5 208 287 330 275 259 | 27.6 | 33.0 | 288 | 383 | 40.9 | 39.2 | 395 | 412 | 442 | 434 | 429
‘& 1.0 270 335 408 337 29.7 | 334 | 380 | 33.7 | 547 | 523 | 49.2 | 521 | 552 | 579 | 5.62 | 5.64
> Mean 208 276 329 271 25.4 28.0 325 28.6 38.8 41.3 39.3 39.8 4.37 4,59 4.47 4.47
0.0 209 278 362 283 37.2 41.1 47.2 41.8 33.7 36.1 35.4 35.1 6.00 6.12 6.03 6.05
g 0.5 274 412 476 387 43.8 49.7 57.2 50.2 55.4 53.8 52.8 54.0 7.49 7.75 7.60 7.61
= 1.0 333 490 576 466 528 | 61.1 | 672 | 60.4 | 745 | 73.4 | 709 | 729 | 9.39 | 982 | 9.79 | 9.67
Mean 272 393 471 379 44.6 50.6 57.2 50.8 54,5 54.4 53.0 54.0 7.93 7.90 7.81 1.77
A 3.84 1.82 0.98 0.22
B 10.84 1.41 1.75 0.22
&8 C 4.43 0.55 0.78 0.08
vy © AxB 15.36 1.99 2.48 0.31
=48 [TAxC 6.26 078 111 0.12
BxC 7.66 0.95 1.36 0.15
AXBXC 10.84 134 1.92 021
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