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ABSTRACT

Two field experiments were conducted in the winter growing season in 2008 and 2009 on faba bean (Vicia faba L. var. ‘Nubaria 3”) at
Nubaria Agricultural Station, National Research Center to evaluate the plant response to cobalt amendments at different rates of N
fertilization. Prior to that, a preliminary greenhouse pot experiment was conducted in 3 replicates on the same plant and NRC farm soil
within the year of 2007 to define the more promotive concentration of cobalt between 10 concentrations, started from 2, 4, 8, 12, 16, and
20 mg/L cobalt. The plants left to grow until 60 days-old and then removed for measurement of some plant parameters and chemical
analysis. The amendment of cobalt to the soil improved the growth parameters of the faba bean plants inoculated with Rhizobium
leguminosarum var. vicia bacteria compared to the cobalt untreated plants (control). Values of plant height, leaves number and area, shoot
dry weight, root dry weight as well as nodules number and weight, seed yield, nitrogenase activity and plant mineral content were
gradually increased by the successive increase in cobalt dose from 0 to 12 ppm. At the highest dose of cobalt (16 ppm), these values
tended to decrease. The data clearly exhibited also that all yield measurements at all N doses were scanty and uneconomically in absence
of cobalt amendment, particularly at the low doses of N fertilization. It could be concluded that cobalt is an essential element for certain
microorganisms, particularly those fixing atmospheric nitrogen in particular, for nodules formation, its deficiency seems to depress the

efficiency of N, fixation process.
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INTRODUCTION

Legumes play an important role in human nutrition, science
they are rich source of protein, calories, certain minerals
and vitamins. In African diets, legumes are the major con-
tributors of protein and calories for economic and cultural
reasons (Tgungula and Garjila 2006). Vicia faba L.) is
widely used in the Mediterranean region as source of pro-
tein in both human and animal nutrition. Faba bean is the
most important seed legume in Egypt. It is produced on
more than 50% of the total area under food legumes
(Doughty and Walker 1982). In spite of the rapid increase
in population, the rise in animal protein prices and rec-
lamation of new agricultural areas, the area under faba bean
annual decreased. This is mostly due to competition from
other winter crops, mainly wheat and clover (Salem et al.
1983). Symbiotic N, fixation by legumes is important as a
practical means of improving the yield and quality of these
crops. It depends on the interaction between the root nodule
bacteria (Rhizobium spp.) and the host plant. This interac-
tion can be affected with many factors including, in particu-
lar nitrogen and micronutrients fertilization and inoculation
process which may affect the occurrence, growth and sur-
vival of the rhizobia, modify nodule formation and influ-
ence the function of the formed nodules (Vincent 1965). In
addition many workers found that legumes depend upon
symbiotic N, fixation seems to require cobalt (Co) in trace
amounts for the proper functioning of the nodules (Abdel-
Ghaffar 1982). In Co-deficient plants, nodulation proceeds
normally, but the nodules are inactive more numerous, their
color is yellow instead of the normal pink color and they do
not fix nitrogen. Co is involved in symbiotic N, fixation via
vitamin B12 with leghaemoglobin production as a transfer
agent in N, fixation process within the nodules. Raggio and

Raggio (1982) reviewed that addition of Co to nodulated
Alfalfa increased the yield while inoculation alone or Co ad-
dition does not. They also added that the addition of 5x10°
M Co to the soil affected nodule size and leghaemoglobin
level in lupin and Glycine max plants. Bergersen (1971)
mentioned that nodulated legumes have a unique require-
ment of Co. Other several investigators have shown that Co
is essential for the symbiotic association in legumes, in
general, but no response to the element could be demons-
trated when adequate mineral nitrogen was supplied (Lowe
and Evans 1961; Nicholas et al. 1962). Co is essential for
growth of rhizobia, the specific bacteria involved in legume
nodulation and fixation of atmospheric nitrogen into amino
acids and protein. Vitamin B12 which contains Co is syn-
thesized by rhizobia and circulated in leghaemoglobin
which is directly related to N, fixation. Thus a deficiency in
Co is shown in reduced vitamin B12 production and lower
N, fixation process (Evans and Kilwar 1964; Young 1983).
Smith (1991) demonstrated that Co is an essential element
for the synthesis of vitamin B12 that required for animals
and human nutrition. Troitskaya et al. (1989) stated that Co
accumulation was directly proportional to vitamin B12 con-
tent and the reduction of B12 biosynthesis in soybean root-
nodules was due to low Co accumulation. In soil deficient-
Co, soybean accumulated 3.5-5.0 times less Co in the root-
nodules than other legumes (Lupinus digitatus, Phaseslus
vulgaris, Sesamum indicum and Vicia faba L.). Occonner
(1992) found that soybean grown without Co was severely
retarded and exhibited severe nitrogen deficiency leading to
death of about 25% of untreated growing plants. He added
that amendment of few grams of Co per acre can resolve
deficiency symptoms in 10-20 days. Co deficiency has been
detected in some type of soil in some countries and can be
corrected by application of Co-sulphate between 0.03-0.15
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kg/ha (Tisdale et al. 1982). In a pot experiment using sandy
loam soil, Badawy and El-Tagoury (1977) showed that, Co
amendment to faba bean plants with the rate of 5 mg Co-
sulphate/pot significantly increased plant and nodule dry
weight and leaf N-content more than Co-seed treatment
before sowing. Co also improves many plant characteristics
and physiological processes including stem and colcoptiles
elongation, leaf disc expansion and opening of hypocotyls
(Ibrahim et al. 1989). Yashida (1998) reported that, the
addition of Co at 10 mg/L in plant media slightly increased
vitamin B12 production, number and weight of root nodules
in lupine plants (Lupinus digitatus) compared to untreated
control. Basu et al. (2006) showed that Co at rate of 0.21
kg/ha increased plant height and leghaemoglobin content of
groundnut plants. Nasef ef al. (2008) stated that Co at 0.16
mg/kg seed-dressing resulted in significantly increase in
nodule number and weight, nodule N-content, leghaemo-
globin content, total biomass production and seed yield
compared to untreated groundnut plants. Through her work
on peas plants, Gad (2006) pointed out that soil amended
with Co sulphate at rate of 8 pg/L improved nodulation pro-
cess, increased effective nodules, both fresh and dry weight
of shoots, roots, pods quality and quantity. Co also in-
creased chemical contents i.e. total soluble solids (TSS),
protein as well as macro- and micro-nutrients content of pea
seeds. More recently, Jayakumar ez al. (2009) and Vijaya-
rengan et al. (2009) showed that Co application at the rate
of 50 mg/kg soil had a beneficial effect on biochemical con-
tents i.e. sugar, protein and amino acids of groundnut seeds
(Arachis hypogaea). Co also being increased nodule num-
ber, plant growth parameters as long photosynthetic pig-
ments chlorophyll @ and b content in leafs of groundnut
plants compared to untreated control plants.

The present work aims to evaluate the role of Co on
faba bean growth parameters and the interaction between
Co and different doses of N fertilization.

MATERIALS AND METHODS

Two field experiments were conducted in the winter growing sea-
son (October) in 2008 and 2009 on faba bean (Vicia faba L.) at
Nubaria Agricultural Station, National Research Center to evaluate
the plant response to Co amendments at different rates of N fertili-
zation. Prior to that, a preliminary greenhouse pot experiment was
conducted in 3 replicates on the same plant and NRC farm soil
within the year of 2007 to define the more enhancing concentra-
tion of Co between 10 concentrations: 2, 4, 8, 12, 16, and 20 pg/l
of Co. The plants left to grow until 60 days-old and then removed
for measurement of some plant parameters (fresh and dry weight
of shoots, roots, leaves and nodules) and mineral contents (N, P, K,
Mn, Zn, Cu, Fe, Co). The obtained data exhibited that, the more
promising Co concentrations were 4, 8, 12 and 16 pg/l. These four
concentrations were used as treatments at design of the following
experiment grown in 2008.

Field experiment 1

Seeds of faba bean (Vicia faba L.) var. ‘Giza’kindly obtained from
Agronomy Department, Ministry of Agriculture, Egypt were
inoculated with selective strain of Rhizobium leguminosarum var.
vicia prior to sown on October 2008 under drip irrigation system.
Three plots with an area of 10.5 m? (1/400 fed (1 feddan = 4200
m?)) were used as replicates for each treatment. Mineral fertilizers
were applied as recommended doses. Phosphorus was added as
superphosphate (15.5% P,0s) during soil preparation. After 21
days of sowing, ammonium sulphate (20.5% N) as a source of N
was applied, whereas potassium as K,SO, (48% K,0) was added
just before full-blooming. Faba bean seedlings (at third truly leaf)
were irrigated once with Co sulphate solution at the concentration
of 4, 8, 12, and 16 pg/l. Untreated 3 plots were used as control
treatment. All agricultural practices were done when needed.

Field experiment 2

This experiment was done to evaluate the interaction between the
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highly enhancing dose of Co (12 pg/l) and different doses of N
fertilization and its effect on faba bean production aiming to mini-
mize the rate of N fertilization. Depending upon rhizobial inocula-
tion of seeds and application of Co as a enhancing agent, ratios of
100, 75, 50 and 25% of N recommended dose (120 kg/fed) in the
form of (NHy), SO, were used to fulfill the N requirements of
growing plants. The experiment was carried out on the winter sea-
son (October) of 2009 with the same agricultural practices fol-
lowed in the 1% field experiment.

Soil analysis

Physical and chemical properties of the soil were carried out. Par-
ticle size distribution along with soil moisture content, were deter-
mined up to Blackmore et al. (1972). Soil organic matter, CaCO3,
EC (electric conductivity), pH, cations and anions were analyzed
according to Black ef al. (1982). Macro- and micronutrients as
well as total Co were assessed in aqua rejia extract. Soluble and
available Co (DTPA extractable) all were estimated as mentioned
by Cottenie et al. (1982).

Plant samples were taken at flowering stage 50 days after
sowing for determination of growth parameters, whereas the plants
were harvested at maturity stage after 110 days of sowing for eval-
uation of yield parameters according to FAO (1980).

Nitrogenase activity of plant nodules was estimated according
to FAO (1980). All data were subjected to statistical analysis ac-
cording to procedure outlined by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

The physical analysis exhibited that soil texture is sandy
loam, since sand is formed the larger value (82.6%). While
silt and clay represent together 17.4% of the total constitu-
ents of soil (Table 1). Thereby, the soil water constants are
matched with the soil properties, field capacity is 14.4%
which is low. The organic matter content, soluble cations,
soluble anions, available macro-and micro- nutrients proved
that the soil is poor and infertile, with low mineral content.
Co forms, soluble, available and total were found in fair
values.

As clearly observed from the data, the amendment of
Co to the soil improved the growth parameters of the faba
bean plants inoculated with Rhizobium bacteria compared to
the Co untreated plants (control). Values of plant height,
shoot dry weigh and root dry weight were gradually in-
creased markedly by the successive increase in Co dose
from O to 12 pg/l (Table 2). At the highest dose of Co (16

Table 1 Physical and chemical analyses of soil.
%

Sand Silt Clay Texture
82.6 14.6 2.8 Sandy water
Soil water constant % weight basis
saturation Field capacity Wilting point Available water
32.0 14.4 39 10.5
chemical

pH 1:2.5 EC dsm™ CaCO; % Organic matter %
8.0 1.0 72 0.2

Soluble cations (meq/L)
Ca™ Mg++ Na* K
9.0 1.4 33 0.3

Soluble anions (meq/L)
COs~ HCOy Cr SO,~

1.18 0.60 12.15
Macronutrients

Total-N Available P Available K Mg/100 g soil
15.1 13.0 21.0

Micronutrients available
Fe Mn Zn Cu
4.47 2.61 1.44 4.00

Cobalt mg/L

Soluble Available Total
0.30 1.77 6.28
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Table 2 Faba bean parameters as affected by cobalt amendments.

Cobalt Shoot DW  Root DW Plant height Leaves Nodules N-ase activity
amendments ppm  g/plant g/plant cm No. plants _Leaf index cm* _ No. plants Dry weight g p mol coud/glh
0.0 13.7 1.93 96.2 15.0 482.0 80.0 2.97 16.7
4.0 19.2 2.44 107.4 21.0 676.0 126.0 3.75 17.5
8.0 25.6 3.94 119.9 30.0 957.0 190.0 4.61 16.6
12.0 32.0 5.09 125.3 38.0 1226.0 230.0 4.98 20.4
16.0 27.6 4.87 121.8 36 1151.0 201.0 4.72 17.8
LSD 0.07 18.24 0.13 0.02 2.01 4.97 0.04 0.01
Table 3 Mineral contents of faba bean plant as affected by cobalt amendments.
ineral contents Shoot Roots
Co-amen Macronutrients % Micronutrients ppm Macronutrients % Micronutrients ppm
-ments mg/L N P K Mn  Zn Cu  Fe Co N P K Mn  Zn Cu__ Fe Co
0.0 087 030 031 307 194 254 1090 088 038 007 009 536 473 325 169.0 230
4.0 145 034 035 329 226 286 1060 1.19 056 0.09 0.12 593 50.8 387 164.0 3.25
8.0 198 037 038 351 252 315 1020 1.65 084 012 017 630 542 413 160.0 4.60
12.0 236 040 042 380 295 348 983 239 136 016 020 679 587 446 1560 5.7
16.0 223 038 039 405 312 371 946 462 097 013 019 69.0 605 47.0 152.0 7.01
LSD 0.03 001 0.005 0.06 0.06 0.1 0.7 0.4 0.01 0.0l 0.01 0.2 0.5 0.3 1.04 03
Table 4 Mineral content and seed index of faba bean as affected by cobalt amendments.
Cobalt amendments ppm Macronutrients % Micronutrients ppm
N P K Mn Zn Cu Fe Co
0.0 0.98 0.30 0.21 21.3 13.9 24.0 28.2 0.55
4.0 1.28 0.32 0.32 24.0 15.4 26.5 45.0 0.87
8.0 1.67 0.47 0.27 26.7 18.5 29.1 423 1.19
12.0 2.30 0.54 0.30 29.6 21.3 32.7 39.8 1.86
16.0 1.80 0.51 0.29 31.5 23.5 343 37.5 2.07
LSD 0.22 0.02 0.2 0.13 1.6 1.8 2.1 0.05
Cobalt amendments ppm TSS ppm Protein Pod/plant Seeds/plant Weight Seed yield Seed yield
content % 100-seed/g /plant g /plant g
0.0 10.3 6.13 10 28 71.5 17.79 427
4.0 10.8 8.00 12 33 80.3 22.95 551
8.0 11.1 10.40 13 39 86.5 27.75 666
12.0 11.9 14.4 14 45 91.6 32.05 769
16.0 11.6 11.80 13 40 87.3 28.77 691
LSD 0.3 1.13 0.01 0.8 0.67 1.21 12.8

TSS: Total soluble solids

pg/l), these values tended to decrease. The flourish effect
included also leaves number and area per plant as well as
nodule number and dry weight. It is likely that the increase
in leaves number and area accelerate the photosynthesis
process and force the plants to build up more of biomass
which is reflected on the dry matter of plants. In addition
the enhancing happened in the nodule formation process
resulted in increasing the efficiency of Rhizobium bacteria
to perform with N, fixation at high capacity for producing
healthy plants. The same findings were obtained by Walser
et al. (1996) who stated that Co application (2.7 kg Co/ha)
increased tomato (Lycopersicon esculentum) leaf numbers
as well as surface of chloroplast/unit leaf area, chlorophyll
content, leaf area index and rate of photosynthesis. On the
other hand, Angelov et al. (1993) demonstrated that exces-
sive Co reduced chlorophyll synthesis and rate of photo-
synthesis. Similar data were also obtained by other authors
who found that Co stimulated the growth and development
of plants, nodules and increased the N accumulated in legu-
minous plants (Danilova and Demkima 1967; Airinel 1987;
Joshi et al. 1987; Chetti et al. 1995; Naidu 2000).

It was also observed that, the increase in nitrogenase
activity was parallel and related to the increase in nodules
number and efficiency (Dalton and Mortenson 1972). As
well known, the nitrogenase is a complex enzyme which
enables fixation of atmospheric nitrogen. In nitrogen-fixing
bacteria, the enzyme nitrogenase derives the reaction of
atmospheric di-nitrogen fixation in presence of ATP. Watson
et al. (2001) reported that, in bacteria the requirement for
Co is primarily due to its presence in vitamin. B12 which
plays an important role in methionine biosynthesis. The
increase in N-ase activity reached its maximum when Co
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dose of 12 pg/l is used. It is apparently from the data that
this dose of Co (12 pg/l) in case of faba bean plants is the
marginal concentration for all estimated values.

Macro- and micronutrients are major constitutes of all
living materials as known. It was observed that the increase
in amended Co dose followed by a steady increase in plant
contents of macro-nutrients (NPK) and micro-nutrients (Mn,
Zn, Cu) and consequently Co content, except in case of Fe
content, since it was gradually decreased by the increase in
added Co (Table 3). The reduction rate of Fe was more or
less proportioned with amended concentration of Co. This
finding was also stated by Bisht (1991) on cowpea; Blay-
lock et al. (1993) on tomato and soy bean; and Kandil and
Gad (2009) on tomato who mentioned that, there is an an-
tagonistic effect between Fe and Co on the absorption sites
of plant roots using different concentration of Co ranged
between 5-12 ng/l. It was also observed that Co accumu-
lated in root tissues higher than in shoot ones. The same
conclusion mentioned by Pettersson (1976) and Atta ef al.
(1991), but not very much being know about the mecha-
nism of uptake and translocation of all heavy metal in gene-
ral. The beneficial effect of Co on the increase happened in
the total mineral content could be deduced to the positive
role of Co in water movement and its tendency towards the
rhizosphere area near the plant root zone and consequently,
the enhancement occurred in the mineral uptake by the
growing plants, particularly in case of water stress as men-
tioned by El-Kobbia and Osman (1987). Almost, the most
reliable Co dose was that one contains 12 pg/l, since it
realized the highest values of macro- and micro-nutrients in
both shoots and roots. These data are relevant with the fin-
ding of Yadav and Khanna (1988); Raj and Rao (1996) who



The African Journal of Plant Science and Biotechnology 5 (1), 41-45 ©2011 Global Science Books

Table 5 Faba bean yield as affected by nitrogen fertilization and cobalt amendments.

N-dose* % Pods/plant no. Seeds/plant no. Weight 100-seed (g) Weight of seed g/plant Seed yield/fed (kg)
-Co +Co -Co +Co -Co +Co -Co +Co -Co +Co

25 6 9 17 29 49.0 59.6 10.7 20.5 257 492

50 7 10 20 32 56.1 64.2 12.6 22.4 302 538

75 8 12 23 33 65.3 83.7 15.0 28.2 360 677

100 10 14 28 39 79.5 91.6 17.8 32.1 427 770

LSD 0.63 0.52 0.91 0.78 1.05 3.56 1.11 1.02 20.59 25.82

found that the combined treatment of Rhizobium + Co had
increased the mineral uptake by legumes.

The present data showed that the seeds obtained from
Co untreated soil (control) contained the lower values of
macro- and micronutrients, although it was inoculated with
Rhizobium. While those obtained from the Co treated soil in
combination with Rhizobium inoculation contained the
higher values of both nutrients (Table 4). The increase in
macro- and micronutrients were more pronounced, particu-
larly at the use of the larger dose of Co amendments up to
concentration of 12 pg/l. It is important to mention that the
use of the highest concentration of Co, 16 pg/l, resulted in
negative effect on the macro-nutrients percentage as well as
Fe. These data are in agreement with those obtained by Gad
and Atta (2006). The increase in N due to the increase in Co
dose was more pronounced than those obtained by P and K.
This increase in N% reached its peak (2.35-fold the control
treatment) at 12 pg/l Co. could be reduced to the stimu-
lating effect of the interaction between the successful rhizo-
bial inoculation and Co amendment which finally led to
accumulation of nitrogen in form of protein through N,
fixation process. These data are in harmony with the fin-
dings of David and Good-Sell (2002) who reported that
nitrogen is needed by all living organisms to build protein
and nucleic acids. Atmospheric N is very common on the
earth, as it comprises just over 75% of the molecules in air,
however, it is very stable and difficult to break apart into
individual nitrogen atoms. N-fixing bacteria have the ability
to convert N gas into ammonia, which is easily combined
with other radicals to form the building block of proteins
and nucleic acids. Meanwhile, the relation between Fe and
Co in seed is little different than that in shoots and roots.
The middle concentrations (8, 12 pg/l) of Co led to cor-
responding increases in Fe content in the seed. Fe content of
seeds in the highest Co amendment was comparatively low
but still larger than the Co untreated treatment (control). As
mentioned before, this phenomenon may be due to the
antagonism between the two elements. Although, the grad-
ual increase in Co content of the faba bean seeds due to the
usable amendments of Co, but they still safe for animal and
human nutrition with no hazardous effect. Young (1983)
stated that Co seeds content less than 8 pg/l is not harmful
for human beings.

Regarding to the yield parameters (TSS, protein content,
pods and seed yield), the mutual combination between rhi-
zobial inoculation and the gradually increasing doses of Co
resulted in accelerating the physiological mechanism of
faba bean plant in particular protein content which reached
the maximum value (14.40%, equal to 2.33-fold the Co free
treatment) at the Co dose 12 ug/l.

Although, the seed yield obtained from the different
treatments was relatively low (mean yield between 1.25:
1.50 t/fed) but the yield gradually increased significantly by
increasing Co dose. This favorable effect could be deduced
to the success of nodule formation process, as a result of Co
amendments, which led to more N, fixation and conse-
quently more protein accumulation and finally increasable
seed yield. Similar results were obtained by Gad (2006b)
with peas and Vijayarengan ef al. (2009) with groundnut.

It could be recommend the concentration of 12 ug/l to
be apply to faba bean plant for improving growth and yield
parameters.

The stimulated obtained results due to the interaction
between rhizobial inoculation and Co amendments, particu-
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larly in case of using Co concentration of 12 pg/l, which
was resulted in maximizing all plant growth parameters,
seed quality and quantity. This results led to design the pre-
sent experiment using that beneficial Co dose with descen-
ding doses of the initial N dose (100 kg per feddan (4200
m”) of ammonium nitrate 33.5% N). The data clearly ex-
hibited that all yield measurements at all N doses were
scanty and uneconomically in absence of Co amendment,
particularly at the low doses of N fertilization (Table 5).
Use the lower dose of N fertilization (25%) was not the
good choice, since, all the measurable yield values were
minimized even in presence of Co, so the 50 and 75% N
doses. Gradually significant increases in values were ob-
served with increasing N dose in presence or absence of Co
dose as shown in Table 5.

These increases gradually ascending to reach maximum
at the highest applied N dose (100% of normal N fertili-
zation) in presence of Co amendment (12 pg/l). It is an evi-
dent on the importance of Co as a limiting factor for yield
production of faba bean plants in infertile soils. Similar
observations were mentioned by other workers (Yadav and
Khanna 1988 on different legume plants, Gad (2006) on pea
plant using concentration of 8 pg/l Co). It could be con-
cluded that the interaction between Co and mild N fertili-
zation may enriched faba bean yield due to their mutual
effect on N, fixation process.
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