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ABSTRACT

INTRODUCTION

The availability of trace elements to
plants is governed by a variety of reactions
that include complication with organic and
inorganic ligands, ion exchange and adsor-
ption, precipitation and dissolution of solids
and acid-base equilibria. (Mattigod et al,
1981).

Chen er al. (1982) found that peat
enriched with iron (3.7% Fe) reduced sym-
ptoms of chlorosis and increased yield of

peanuts. El-Hedek (2007) found that addition
of poultry manure, compost and sulfur to a
high calcareous soil caused relative increase in
DTPA-extractable Fe of about 8.3%, 22.8%
and 11.0% compared to control.

Shams El-Den (1993) noticed that Fe
concentration in shoot and seeds of wheat
plants significantly increased with increasing
Fe application rate in a mineral or chelated
form.
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Basyouny (1996) showed that iron
application as Fe-EDTA was superior for
incrcasing the Fe content in wheat plants
grown on non calcareous soil, whereas Fe-
EDDHA was more effective in the calcareous
soil and FeSO, was inferior as compared with
the other two Fe chelated sources. Zn-EDTA
gave hgher dry matter production and Zn
concentration than ZnSQ, in wheat plants
grown on Giza, Ismailia and Nubaria soils,

Bayoumi (2000) noticed that the
addition of either ZnSO, or Zn-EDTA to the
sandy or calcareous soils resulted in increases
dry weight of shoots and grains of wheat
plants as well as Zn uptake.

El-Hedek (2000) found that applica-
tion of Fe-EDTA increased iron concentration
in both straw and grains of barely plants
grown on calcareous and non calcareous soils
compared to those treated with FeSQ,.

Some reports emphasized that Azolla
improves the soil physical properties by
increasing the porosity and decreasing the
specific gravity of soils which decreased the
bulk density of the soil. These changes in soil
properties are important, since they reduce the
amount of energy required for soil tillage and
improve water infeltration, aeration and soil
temperature (Venture and Watanabe, 1993
and Mandal et al 1999). Consequently, the
beneficial effect of Azolla is not only the
result of its potential for nitrogen fixation but
also related fo its improving effect the physic-
cal and chemical properties of soil (Badawy et
al., 1996).

Tanagaraju and Kannaiyan (1993)
reported that Azolla application improve soil
fertility by increasing total nitrogen, organic
carbon, available P and the soil structure. The
transformation and availability of Fe, Mn, Zn
and Cu in the flooded rice soils were posi-
tively affected with addition of organic matter
in combination with Azolla as green manure
(Mandal ef al., 1997).

A range of elemental composition of
Azolla pinnata was given by Singh (1979) and
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Liu (1979) as follows (percent on dry weight
basis). Ash, 10.5; Nitrogen, 4-5; Phosphorus,
0.5-0.9; Potassium, 2-4.5; Iron, 0.06-0.26,

Heller (1989} showed that dried
Azolla enriched with 2% Fe (on dry weight
basis) applied to peanuts plants grown in
calcareous soil resulted n leaf chlorophyil
content equal or higher than those in plants
treated with Fe-EDDHA.

EL-Badawy (2003) indicated that
Azolla enriched with iron and/or zinc signifi-
cantly increased the dry matter yield of maize
plants as compared with the control treatment
whereas Fe EDTA, Zn EDTA, FeSO, and
ZnSO, treatments were insignificant.

Organic matter particularly the humic
and fulvic acids plays an important role in the
chemical behaviour of several matenals in
soils through their functional groups which
have the ability to retain the metal in complex
or chelate form (Stevenson, 1981).

Basyouny (2001) showed that appli-
cation of organic manures or FeSO, alone or
in combination to calcareous and non calca-
reous soils had a marked stimulatory effect on
the content of Fe and Zn in wheat plants at
different stages of growth. The highest values
of Fe and Zn contents were obtained at the
highest rates of organic manures mixed with
the highest rates of FeSO, or ZnSQO..

El-Ghanam and EL-Ghozoli (2006)
found that application of humic acid increased
the dry matter vield, N concentration and
uptake, Ny-ase activity as well as the number
and dry weight of nodules of bean plants
grown on a calcareous soil.

The objective of this investigation
were to (1) evaluate the performance of faba
bean plants under humic acid and Azolla
enriched with Fe and Zn in comparison with
Fe and Zn sources (mineral and chelate
sources). (2) compare the effect of humic acid
or Azolla impregnated or combined with Fe
and/or Zn on growth and concentrations of N,
P, K, Fe and Zn in faba bean plants.
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MATERIALS AND METHODS

A surface calcarecus composite soil
sample (0-20 cm) was taken from soil a field
in EL-Hammam village, which located in
North West of Egypt. The soil sample was air
dried, crushed with a wooden roller to pass
through a 2mm screen. The collected soil

Table (1 a): Some characteristics of the investig

Particle size distribution (%):

sample was prepared to determine particle size
destruction, soluble salts, CaCO, content,
organic matter and pH using the standard
methods outlined by Piper (1955) and Jackson
(1967) and the results obtained are presented
in Table (l1a).

le

Sand

Silt

Clay

Soil moisture

Textural class

Constant %

Field capacity

Active CaCO;; ("/o_)

Wilting point

i pH (1:2.5 soil-water suspension)

Available water

EC(dSm™)

Available Fe

Available Zn (mgKg™)

Humic acid:

Humic acid (HA) substances were
extracted by 0.1 N NaOH and then purified
according to Page er al. (1982) and were
finely ground in porcelain mortar and thorou-
ghly mixed with the soil.

Elementary analysis of humic acid:
Elementary analysis of purified hu-
mic acid (extracted from biogas manure) was
carried out in order to determine the
percentage of total C, N, H, O and S (Table,

Table {1b): Elementa

1b). Total organic carbon of humic acid was
determine  using  potassium  dichromate
method and O-phenanthroline as an indicator
(Jackson, 1967). Total nitrogen was deter-
mined using microkjeldahl method (Sposito ez
al, 1976). Hydrogen was determined using
the dry combustion, it was oxidized to water,
which was absorbed by calcium chloride and
weighted (Karrer, 1950). Sulfur was deter-
mined wusing barium chloranilate method
(Beaton et al., 1968). Oxygen was calculated
by difference (Goh and Stevenson, 1971).

sis of humic acid extracted from biogas manure

C N C/IN H 0 S CH c/o O/H N/H

% % ratio % % % ratio ratio ratio ratio

452 1.73 26.1 7.84 39.8 543 5.76 1.13 5.07 0.22
Azolla strain (AZO.):

Azolla pinnata strain kindly provided
by the Agricuftural Microbiology Research
Department, Soils, Water and Environment
Rescarch Institute, ARC, Giza, Egypt. Azolla
plants were propagated in cement nurseries for

3 weoeks in the greenhouse to obtain the Azolla
material required for organic treatments.
Azolla and humic acid were enriched with
FeSO, iron and ZnSO, according to Plessener
et al. (1998).
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Inocula preparation:

To prepare Rhizobiem inoculum,
yeast minnitol broth medium (Vincent, 1970)
was inoculated with Rh. Jeguminsarium and
incubated at 32°C for 7 days. Faba bean seeds
were successively washed with water and air
dried, then scaked in cell suspension of
Rhizobium sp. (8.3 X 107 viable celyml) for
30 min. gum Arabic {16%) was added as an
adhesive agent prior to inoculation, then air
dried for one hour before sowing.

Biological experiment

A greenhouse pot experiment was
conducted at Training Center for Recycling of
Agricuttural Residues, Moshtohor, Qalyoubia
Govemorate, Soils, Water and Environment
Research Institute, Agricultural Rescarch
Center (ARC). Five kilograms of soil were
placed in plastic pots with the dimensions of
16cm height and 21cm diameter. Humic acid,
Azolla, Fe or Zn were added individually or in
combination mixture at a rate of 25mgkg”’ soil
and thoroughly mixed with the soil. Eight
sceds of faba bean (Vicia faba, C. v. Giza 2)
were broadeasted in each pot. The experi-
mental design was randomized complete
block with three replicates. The experiment
included the following treatments:
1. Control (without any additions).
2. Humic acid (HA)
3. Azolla (Azo.)
4. Fe-EDTA
5. (FeSO, alone)
6. Zn-EDTA
7. ZnSOQ,
8. HA impregnated with FeSO,
9. HA impregnated with ZnSO,
10. Azo. impregnated with FeSO,
11. Azo impregnated with ZnSO,
12. HA combined with FeSQ,
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13. HA combined with ZnSO,

14. Azo. combined with FeSO,

15. Azo. combined with ZnSQO,

16. HA impregnated with FeSO,4 and ZnSO4
17. Azo. impregnated with FeSO,and ZnSO,
18. HA combined with FeSO, and ZnSO,

19. Azo. Combined with FeSO, and ZnSO;

After two weeks of germination, the
seedlings were thinned to three plants and the
moisture content was kept at field capacity by
means of daily compensation of water loss
with distilled water. After 90 days from ger-
mination, the plants were harvested, dried at
70°C and the dry matter yield was recorded.
Plant samples were digested using H,SO, and
HCIO, for chemical analyses.

Sampling and analysis:

Data of nodules number and nodules
weight/plant were recorded. Ny-ase activity of
nodules was .estimated according to Hardy et
al. (1973). After forty days from germination
of faba bean plants, the soil samples were
taken from rhizosphere area to determined
CO, evolution according to Page ef al. (1982).
The viable microbial counts were estimated by
plate count technique using soil extract agar
medium (Allen, 1959). Total nitrogen, phos-
phorus, potassinm and micronutrients (Fe and
Zn) were determined using microkjeldahl
(A.0.A.C, 1980), Murphy and Riley (1962) as
modified by John (1970). Dewis and Freitas
(1970) and Atomic Absorption Spectrophoto-
meter, respectively.

Analysis of variance for the results of
the experimental treatments was conducted
uging Minitab program according to Ryan and
Joiner (1994).

RESULTS AND DISCUSSION

Dry matter yield of faba bean plants:

Data presented in Table (2) showed
that the dry matter yield of faba bean plants
was positively affected as compared with
control treatment. The high increasc in dry
weight of faba bean plants (72.9%) was
achicved at treatment of HA impregnated with
Fe, while low increase percentage (14.1%)

was obtained at the treatment of FeSO,4. The
dry matter yield of faba bean plants increased
when humic acid or Azolla impregnanted with
Fe or Zn than that those individually added.
Almost similar results were achieved by El-
Badawy (2003). Chen et al (1982) reported
that application of peat enriched with Fe to
peanuts grown on a soil containing 42%
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CaCO; resulted in yields amounted 130% and
110% of those of control and Fe-EDDHA
treatments, respectively.

Enriching humic acid with Fe or Zn
caused a pronounced effect on the dry matter
yield of faba bean plants. It may be conchided
that the inducing effect of humic acid on the
productivity of soil could be attributed to
humus formed in the soil, which improve the
physical and chemical properties of soil and
partly to extra supply of nutrients. In addition,
attributed the beneficial effect of humic acid
on plant growth to its acting as plant growth
hormones (Nardi ef al., 1999).

Humic acid or Azolla impregnated
with Fe or Zn increased the dry matter yield to
be higher than that individual application of
cach them. The regression equation described
this relation as follows:

DM. yield (g pot')= 102 + 0.117 treat.

Ll

N, P and K concentrations of faba bean

plants: ‘

Data presented in Table (2) show the
effect of humic acid and Azolla whether
applied solely, impregnated or combined with
Fe and/or Zn on N, P and K concentrations in
faba bean plants.

The obtained results revealed that N
concentration of faba bean plants was posi-
tively affected with all treatments
with control treatment. The highest value was
achieved due to the treatment of HA impre-
gnated with Fe and Zn, while the lowest one
was obtained due to the treatment of ZnSO,. it
is obvious that N concentration of faba bean
plants increased slowly with humic acid and
Azolla addition or combined with Fe and/or
Zn. The beneficial effect of humic acid and
Azolla as a nitrogen sources might pre-serve
and support the soil fertility to several crops.
These results agree well with those obtained
by El-Badawy (2003). This relation could be
described by the following equation;
N-concentration % = 2.62 + 0.0235 (r=0.209)"

Table (2): Effect of humic acid or Azolla enriched with Fe and/or Zn on dry weight and
concentrations of N, P, K, Fe and Zn of faba bean plants grown on the

calcareous soil.

Treatments

| HA impregnated with FeSO.

' HA impregnated with ZnSO,

Azolla impregnated with FeSO,

f HA combined with FeSO,
i HA combined with ZaSO,

| Azolla combined with FeSO,

Azolla combined with ZnSO,

HA impregnated with FeSO, and ZnSO,

| Azolla impregnated with FeSO, and ZnSO,




32 So.

With respect to P concentration in
faba bean plants, data in Table (2) revealed
that P-concentration in faba bean plants
increased as the humic acid and Azolla were
applied cither in presence or absence of Fe or
Zn compared with control treatment. This
increase could be attributed to the beneficial
effect of Azolla due to its potentially for
nitrogen fixation beside its improving effect
on the physical and chemical properties of soil
(Badawy et al., 1996).

The regression equation and correla-
tion coefficient relating P concentration with
different treatments is as follows:
P-concentration % = 0262 + 0.00395 treat.
@=0317"

Regarding to K-concentration in faba
bean plants, it was increased due to all the
treatments as compared with control treat-
ment, however, increasing of K concentration
was variant with the different treatments. The
highest value of K-concentration was perfor-
med with the treatment of H.A. impregnanted
with Zn while the lowest one was obtained
with the treatment of ZnSO,.

The relationships between K- concen-
tration and other treatments were governed by
the following equation:
K-concentration % =
(=0.254)"

1.94 + 00071 treat.

It can be deduced from the above-
mentioned results that humic acid or Azolla
impregnated with Fe and/or Zn was the most
efficient for increasing concentrations of N, P
and K. The effectiveness of Fe-organo com-
plexes is usually attributed to their similarity
to soil organic matter and in particular to the
humic substances contained therein,

Fe-concentration of faba bean plants:

Data presented in Table (2) indicated
significant and positive effects of the different
freatments on Fe-concentration of faba bean
plants as compared with control treatment.
Similar results were reported by El-Badawy
(2003). The increase in Fe concentration could
be due to production of acids and chelating
compounds as a result of soil organic maiter
decomposition which play a vital role in the
availability of essential plant nutrient ele-
ments. This conclusion stand in well agree-
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ment with that of El-Ghozoli (1998). The
highest Fe-concentration (788.3 mgkg') was
obtained due to the treatment of HA impre-
gnated with Fe, which was higher than those
attained with Azolla impregnated with Fe and
other treatments. Data showed also that humic
acid and Azolla when impregnated with Fe
could be considered as being equivalent to or
higher than those that treated with Fe-EDTA
or FeSO,; These results agree with those
obtained by Heller (1989) ad Plessner (1998).

As for Fe applied as impregnated or
combined with Fe on faba bean plants, results
indicated that Fe impregnated with humic or
Azolla induced positive effect more than that
recorded with individual application. With
respect to HA impregnated with Fe or Zn
applied to faba bean plants, the obtained
results revealed an decrease of Fe concen-
tration more than that recorded when HA
impregnated with Fe was applied. This could
be attributed to competitive binding between
metal ions for reactive sites on humic acid.

The effect of different treatments
could be presented according to the following
equation:
Fe-concentration
(=0212)"

% = 635+2.58 treat.

Zn-concentration of faba bean plants:

Results presented in Table (2) revea-
led that all tested treatments increased Zn-
concentration of faba bean plants over the
control treatment. Such increases in Zn-
concentration of faba bean plants could be
attributed to the high content of Zn in humic
and Azolla or to the effect of acidic com-
pounds or CO, evolved from the biological
activities of sotl microorganisms that may
reduce the soil pH value. The highest Zn
concentration value (441.2 mgkg™) was achie-
ved with HA impregnated with Zn.

These results are accordance with
those obtained by El-Badawy (2003). Results
showed that plants received HA or Azolla
impregnated with ZnSO. recorded high
concentration of Zn as compared with indivi-
dual addition HA, Azolla or ZnSO; The
above mentioned results indicated that the Zn
associated with humic acid and Azolla caused
increase in concentration of Zn of the plants
grown on the investigated soil, however, the
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magnitude of increase scemed to be dependent
on type of organic manure.

Finally, results obtained indicated that
humic acid or Azolla enriched with Fe and/or
Zn could be considered as equivalent and
effective source of iron or zinc to those of
chelated sources which highly expensive ic.,
Fe-EDTA and Zn-EDTA.

The effect of different treatments
could be presenied according to the following
equation:
Zn-concentration
(r=0.325)"

% = 163 + 7.72 treat.

Number and dry weight of nodules and
Nitrogenase activity (N;-ase).

Results in Table (3) show the effect
of humic and Azolla enriched with or without

Fe and Zn on number and dry weight of
nodules and N2-ase. The number and dry
weight of nodules and Nyase of faba bean
plants were positively affected with humic
acid and Azolla enriched with Fe or Zn
addition. These results agree with those obtai-
ned by ERGhanam and El—Ghomh (2006)
who found that the number and dry weight of
nodules of faba bean plants increased with
increasing humic acid application. The maxi-
mum increase in mumber of nodules, dry
weight and its N-ase were achieved by HA
impregnated with Fe.

The ¢ increase in number of
nodules and Njase of treatment of HA
impregnated with Fe were 380 and 332.2%,
respectively. While this increase were 220 and
186.7.7% in case of Azolla impregnated with
Fe, respectively.

Table (3): Eﬂ'ect of humic acid and Azolla enriched with Fe and/or Zn on nodulation and

of faba bean

lants Erown on calcareons sonl.

Dry weight of
nodules
(mg/plant)

61.2

2135

Azolln

2184

Fe-EDTA

70.7

775

103.3

73.1

3786

270

|-“~

| Azolla lmpge;gnated with FeSO,

265.2

| Azolla impregnated with ZnSQ,

180.0

[ HA comblned w1th FeSO,

143.9

136.3

2379

Azolla combined with ZnSO,

2794

HA impregnated with FeSO, and ZnSO,

2728

i Azolla impregnated with FeSO, and ZaSO,

184.9

| HA combined with FeSO, and ZnSO,

114.2

Azolla combined with FeSO, and ZnSO,

172.9

Data in Table (3) showed also that
plants recetved HA or Azolla impregnated
with F¢ and/or Zn recorded higher number
and dry weight of root nodules and N;-ase as
compared due to the individual additions.

4.5

The regression equations representing
these relations are:
No. of nodules= 15.3 + 0.958treat.

D.W. of nodules= 177+1.49 treat. (r=0.183)"
Nyase= 16.5 + 1.10treat. (r=0.484)""
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CQ, evolution:

Data presented in Table (4) show the
effect of HA or Azolla enriched with Fe
and/or Zn as impregnated or individual form
on CO; evolved from the rhizosphere. Resuits
mdicated that CO, evolved from the soil
increased markedly with HA or Azolla added
impregnated or in combination with Fe and/or
Zn as compared with the control treatment.
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These results are coincide with those of Eh-
Ghanam and El-Ghozoli (2006). The relative
increase of CO, evolved corresponding to HA,
Azolla, HA. impregnated with Fe, HA.
impregnated with Zn, Azolla impregnated
with Fe and Azolla impregnated with Zn were
139.1, 80.0, 265.1, 390.1, 205.1 and 320.1%,

respectively.

Table (4): CO, evolved, pH and Total count of bacteria, fungi and actinomycetes as

aﬂ'ectcd b hunuc acnd and Azolla ennched wnth Fe and/or Zn addnhon

Total
countof |
cnunt,s acﬁnomyscetes ;
X10 X 10

~ Total
bacteria

1.35 . 10

7.0 105

7.5 . 68

2.1 . 14

175 23.5

2.0 15.5

1.8 ' 115

HA impregnated with FeSO,

29 275

HA impregnated with ZnSQO,

26 . - 205

Azolla impregnated with FeSO,

20 . 190

Azolla impregnated with ZnSO,

19.5 155

HA combined with FeSQ,

20 175

HA combined with ZnSQ,

13 . 105

| Azolla combined with FeSO,

19 . 85

| Azolla combined with ZnSO,

11 . 69

[ HA impregnated with FeSO, and ZnSO,

25.5 47.5

i Azolla impregnated with FeSQ, and ZnSO,

16.0 115

i HA combined with FeSO,and ZnSO,

13 . 65

27 95

| Azolla combined with FeSO, and ZnSO,
|L.S.D,0.01

The relative increase of CO; evolved
from the rhizosphere in case of HA combined
with FeSO;, HA combined with ZnSQ,,
Azolla combined with FeSO, and Azolla com-
bined with ZnSQ, were 150.9, 170.2, 140.1

and 120.1%, respectively.

Concerning the effect of HA and
Azolla individually added or impregnated
with Fe and Zn on CO, evolved from
rhizosphere, data in Table (4) revealed that the
values of CO; evolved from soil as affected by
HA or Azolla impregnated with Fe and Zn
recorded higher values than that individually
added. However, these values were low than

0361 |

that of HA or Azolla impregnated with Fe or
Zn,

The effect of treatments could be
summarized by the following equation:
CO,;= 108 + 4.29 treat. (=0.388).

It was worthy to indicate that the
plants grown on soil treated with organic
manure enriched with mineral fertilizers
showed higher Fe and Zn than the plants
treated with either organic manure only or
mineral fertilizers alone. Meanwhile, the HA
impregnated with Fe or Zn showed stimu-
lation effect on both Fe and Zn concentrations
in the plants grown on the studied soil.
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Total counts of bacteria, fungi and action-
mycetes

The bacterial, fungi and actinomy-
cetes plate counts in the soil treated with
humic acid or Azolla individually or in com-
bination with Fe and Zn are presented in Table
(4). Resuits showed that the soil supple-
mented with HA or Azolla individually or
impregnated with Fe and Zn showed higher
counts than that recorded with the control
treatment. Humic acid impregnated with Fe or
Zn possessed the highest activity among all
treatments. The increases of microbial counts

might be due to the activities of a large
number of living microorganisms in the pre-
sence of HA or Azolla and impregnated with
Feor Zn.

These relations could be summarized
by the regression equations as follow:
Total bacteria counts = 4.31 + 1.06 treat.
(=0.612)""
Total fungi counts =2.41 + 0.263 treat.
=0463)"
Total counts of actinomycetes = 69.7 + 2.86
treat. (r=0.214)"
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