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ABSTRACT

Two field experiments were carried out in the two-successive winter seasons of 2014-2015 and 2015-2016 on faba bean
(Vicia faba L.,) at El-Gemmaiza Agricultural Research Station, El-Gharbia Governorate, Egypt, located at (Lat. 30’ 48" 752" and
Long. 31" 81 025"). as sake of studying study the influence of nitrogen as ammonium sulphate (20.5% N) at rates of (0.0, 7.5,
10.0 and 15.0 kg N fed™) and foliar spray of cobalt at rates of (0.0, 0.5 and 1.0 mg L") as cobalt sulphate on yield, yield
components, nutrients status. The statistical analysis of this experiment was randomized complete block design for combined two
seasons.The results indicated that, faba bean yield (grains, straw and 100 grains weight) were significantly increased with the
application of N compared to control. The highest significantly increases in grain, straw and roots yields of faba bean were
obtained at accompanied treatments of 15.0 kg N fed with two rates of cobalt (0.5 and 1.0 mg L™). Foliar spray with cobalt at a
rate of 1 mg L' gave the highest yield and yield components. Data also show that, combined treatments of N and cobalt at all
rates under study were significantly increased grain, straw and roots yields. The highest increases were obtained with applied rate
of 15.0 kg N fed" combined with 1.0 mg L™ cobalt as foliar spray. Additions of three rates of N were significantly increased N,
P, K, Fe, Mn, Zn, Cu and Co contents of grains, straw, and roots. Also, two rates of cobalt-were significantly increased all
nutrients in grain, straw, and roots. The highest increases also, were obtained at a rate of 15.0 Kg N fed! accompanied with 1.0
mg L' cobalt. Data, obtained also showed that the interaction between N and Co were increased N, P, K, Fe, Mn, Zn, Cu and Co,
in grains, straw and roots especially at rate of 15.0 Kg N fed” combined with 1.0 mg L™ cobalt. The addition of different levels
of nitrogen and cobalt led to a significant increase in the availability of (N, P, K and Co) in the soil. The highest increase was

may be due to the addition of 15.0 kg N fed™! with cobalt at a concentration of 1.0 mg L™
Keywords: faba bean, cobalt, Nitrogen rates, nutrients status, productivity and clayey soil.

INTRODUCTION

Faba bean (Vicia faba, L.) is one of the best
important leguminous crops used for human nutrition in
Egypt. All parts of the faba plant are edible. Cultivated faba
bean is used as human food in developing countries and as
animal feed, mainly for pigs, horses, poultry and pigeons in
industrialized countries. It can be used as a vegetable, either
green or dried, fresh or canned. In Egypt, mineral fertilizers,
especially nitrogen, phosphate, potash and other
micronutrients are being applied to increase faba bean
growth and yield. Consumption of nitrogen and phosphate
fertilizers has tripled during the last 30 years. This increase
in consumption is due to various factors including the
construction of the Aswan High Dam which reduced the
quantity of suspended materials deposited on the soil during
floods, which permitted for thousands of years the
restoration of the fertility of Egyptian soils (Kasem Fatma,
2012).

The grain legume (pulse) faba bean (Vicia faba L.,) is
grown world-wide as a protein source for food and feed. At
the same time faba bean offers ecosystem services such as
renewable inputs of nitrogen (N) into crops and soil via
biological N, fixation, and a diversification of cropping
systems. Even though the global average grain yield has
almost doubled during the past 50 years the total area sown
to faba beans has declined by 56% over the same period.
Faba bean has the highest average reliance on N fixation for
growth of the major cool season grain legumes. As a
consequence the N benefit for following crops is often high,
and several studies have demonstrated substantial savings
(up to 100-200 kg N ha™) in the amount of N fertilizer
required to maximize the yield of crops grown after faba
bean (Erik et al., 2010).

Nitrogen is the most limiting nutrient for crop
production in many of the world agricultural areas and its
efficient use is important for the economic sustainability of
cropping systems. Furthermore, the dynamic nature of N and
its propensity for loss from soil-plant systems creates a
unique and challenging environment for its efficient

management. Crop response to applied N and use efficiency
are important criteria for evaluating crop N requirements for
maximum economic yield. Recovery of N in crop plants is
usually less than 50% worldwide (Fageria and Baligar,
2005).

Cobalt is considered an important element in the
plant bacteria root nodulation of legume required in low
level particularly for fixing atmospheric nitrogen. The co-
enzym cobalamine has Cobalt (IIT) as a met component,
cheated to far nitrogen atoms at the center of pyrophyin
straclure similar to that of iron in human. In rizobium
species, three enzyemes are known to be cobalamin
dependent with cobalt induce charge in their activities are
primarily responsible for the relationship to nodulation and
nitrogen fixation in legumes. Gad Nadia (2006) pointed out
that cobalt at 8 mg L increased total nodules and dry weight
of plant. Another studies were conducted by Gad Nadia et
al. (2013) and (2014) also observed that significant increases
fresh and dry weight of nodules in soybean and weights of
pods plant”’, seeds plant’ and 100 seeds of cowpea with
cobalt addition 100 or 75% of nitrogen fertilizer
recommended. Cobalt gave the highest values of all growth
and yield parameters of cowpea with 100% N followed by
75% N compared to untreated plants. Increases in growth
and yield parameters of cowpea and soybean treated with
cobalt and 50% N were not significant while the addition of
cobalt with 25% N gave the lowest values. Cobalt increased
the efficiency of nitrogen fertilization, and reduced the
recommended dose by 25% and resulted in superior cowpea
pods and seeds yields about by 25.6 % and 18.84 with75%
N respectively, compared with 100 N without cobalt. Cobalt
significantly increased the content of N, P, K, Mn and Zn as
well as chemical contents especially with 100% and 75%
nitrogen rates. Weria et al. (2013) found that cobalt is
essential for nitrogen-fixing micro-organisms, including the
cyanobacteria. Jordan and Reichard (1998) and Licht et al.
(1996) reported that role of cobalt in N, fixation is
essentially attributed to its role as a cofactor of cobaltamine
(Vitamin B6) which functions as a coenzyme involved in N,
fixation and nodule growth. Gad Nadia (2006), reported that
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addition of cobalt in the plant media could be magnified the
benefit of nutrients uptake by plants even at the low
concentrations. Cobalt applications can levels of mineral and
organic fertilizers to about 25 and 67 % of the recommended
doses. Cobalt also increased fresh and dry weights of shoots
and roots, nodules number and weight, contents of macro
and micronutrients as well as yield pods and seeds quality.
Also, cobalt is an essential eclement for certain
microorganisms  particularly and  decrease nitrate
accumulation and gave safety health to human. Kandil Hala
(2007) reported that increasing of cobalt rates significantly
increases in dry weights of roots, shoots and grain compared
to control treatment. Grain yield were increased by 73.68,
130.68, 204.66 and 217.74 % due to the application of 5, 10,
15 and 20 mg L, of cobalt respectively. The macro and
micro-nutrients contents in faba bean plants were increased
by the application of cobalt, except iron which was
decreased. Gad Nadia (2010) observed that a significant
increase in the canola yield was observed by applying cobalt
in suitable concentration. Addition of 12.5 mg L~ cobalt
gave a synergistic effect on canola growth, seed yield, oil
yield and its quality compared to untreated plants. Also,
cobalt application increased growth parameters, contents of
macro and micro-nutrients and chemical contents in canola
seeds as compared to control plants. Cobalt content in the
canola seeds was in a sub range for human safety health.
Gad Nadia et al. (2011).

Maher and Youssef (2008) noticed that residual soil
fertility in terms of available N, P, K and Co was improved
under the combined application of microbial inoculants and

cobalt as compared to sole application of only an inoculant
or cobalt and improved the cobalt accumulation in soil.
Increasing the dose of cobalt subsequently increased the
available cobalt content of the soil with a maximum value of
0.31 mg kg (Basu and Bhadoria, 2008)

The study aimed at decreasing nitrogen mineral
fertilizers rates applied through foliar spray of cobalt to
reduce the environmental impact of excess use of mineral
fertilizers applied on a clay soil cultivated with faba bean.

MATERIALS AND METHODS

The present study was carried out at El-Gemmaiza
Agricultural Research Station, El-Gharbia Governorate,
Egypt, located at (Lat. 30° 48" 752" and Long. 31" 81 025").
The experiment had been extended for two winter seasons
2014/15 and 2015/16 on faba bean (Vicia faba L). Combined
analysis of both seasons was discussed; the experiments were
arranged in a complete randomized block design with three
replicates under furrow irrigation system. The aims of this
work are to study the impact of mineral nitrogen applied at
four rates (0.0, 7.5, 10.0 and 15.0 kg N fed™) and foliar spray
of cobalt at three rates (0.0, 0.5, and 1.0 mg L) on yield,
yield components and chemical composition of both faba
bean grains, straw and available content (N, P, K and Co) in
the soil. Some physical and chemical properties of soil were
Tabulated 1. The soil was classified as (Vertisols, Torrerts,
Haplotorrerts, Typichaplotorrert, Clayey Hyperthermic,
Sniectic).), soil taxonomy was performed according to Soil
Survey Staft (2010).

Table 1. Some physical and chemical properties of the experimental soil.

Particle size distribution % Texture o o

Seasons Coarse sand Fine sand Silt Clay class OM%  CaCOs%
Season°;‘2014/2015 5.98 8.84 39.05 46.13 Clayey 2.30 2.45
Season""2015/2016 4.07 13.45 36.83 45.65 Clayey 2.40 2.86
Seasons pH EC Soluble Anions (m molc L) Soluble cations (m molc L)

(1:225)(dSm™) CO;- HCO; Cr SO, Ca~ Mg Na K"
Season °;‘ 2014/2015 791 1.99 0.00 0.72 1634 094 490 2.60 10.20 0.30
Season " 2015/2016 7.96  1.79 0.00 0.67 1445 0.88 5.00  2.10 8.60 0.30
Seasons Available macro and micro elements (mg kg™)

N P K Fe Mn /n Cu Co

Season °;‘ 2014/2015 90.71 8.13 198.00 10.958  2.104 0.334 0.552 0.002
Season " 2015/2016 109.67 9.16 226.00  11.682  2.330 0.394 0.865 0.003

Plot area was (3.0 m x 3.5 m 1/400 ie fed").
Nitrogen was applied at rates of (0.0,22.5, 30.0 and 45.0 kg
N fed! as ammonium sulphate (NH,),SO, (20.5% N), at
four split doses, calcium super phosphate (15% P,0Os) was
added at a rate of 100 kg fed " during soil preparation before
sowing by mixing with the surface soil layer and potassium
sulfate (48 % K,0) was applied at the rate of 50 kg K,O fed’
" at flowering stage of faba bean plants and cobalt sulfate (20
% Co) was used as a source of cobalt and it was added as
foliar spray at rates of 0.0, 0.5 and 1.0 mg L™, Tt was sprayed
twice at 45 and 60 times respectively.

The rhizobium was obtained from the bio-fertilizer
production unit at the Soil, Water and Environment
Research Institute Agriculture Research Center; Grains of
faba bean (Vicia faba L), (Giza-716) were inoculated with
thizobium just before sowing at a rate of 75 kg grains fed”
on 15 November 2014 and 10 October 2015 under furrow
irrigation system. All practices were used and plants thinned
on two plants for each hill after three weeks from sowing.

At harvest, faba bean plants were collected from
each plot to determine yield and yield components, i.e.,
grain and straw yields, 100-grains weight. Plant samples

were oven dried at 70 °C, ground and prepared for
digestion and analysis.

Surface soil samples were taken after harvest to
determine the available N in soil which was extracted by
using KCI (2N) and available (P, K and Co) which were
extracted by using (AB-DTPA) at pH 7.6 according to the
method of Soltanpour and Schwab (1991). N, P, K, Fe, Mn,
Zn, Cu, and Co contents in plant material were determined
using the procedures described by A.O.A.C. (1995).

Available N in soil and N content in plant material
were determined using micro-Kjeldahl method according
to Page ef al. (1982) and A.O.A.C. (1995) and K using
flame photometer.

Available P, Fe, Mn, Zn, Cu, and Co in the soil and
content in plant digestion were determination by using
Inductively Coupled Plasma (ICP) Spectrometry (Ultima 2
JY Plasma) according to the procedure described by
"Environmental Protection Agency" EPA. (1991).

Soil samples were collected before cultivation to
determine particle size distribution, according to Piper
(1950). Calcium carbonate CaCO; was measured by the
calcimeter method, according to Nelson (1982). Soil organic
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matter content was determined according to Walkley and
Black method, Black (1982). pH values were determined by
pH meter in 1:2.5 soil water suspension, according to
Mclean (1982) Electrical conductivity (EC) was determined
in the saturated soil paste extract using electrical
conductivity meter. Soluble ions were also determined in
saturated soil paste extract according to Page et al. (1982).
Statistical analysis:

Combined analysis for all the obtained data were
statistically analyzed using MSTAT-C package program
(Version 3.00) using least significant differences (LSD at
0.05 level) to compare between means according to
Snedecor and Cochran (1990).

RESULTS AND DISCUSSION

I. Effect of nitrogen and cobalt rates applied on
available N, P, K and Co in soil, mg kg'1
The effect of applied nitrogen and cobalt rates on the
values of available N, P, K and Co in soil are shown in Table
2. The data clearly showed that the addition of three rates of
N fertilizer were significantly increased soil available N, P,
K and Co. The highest increase was obtained due to addition
of 15 kg N fed”. There was a significant difference increase
among N rates addition.
Table 2. Effect of nitrogen and cobalt rates applied
on available N, P, K and Co content, mg kg'1
in, soil under study (average of two seasons).

Treatments. mg kg’ soil
N rates Corates N P K Co
0.0 - 1484" 1498" 251.1% 0.006°
7.50 - 1884° 1.889° 283.7° 0017
10.00 — 2354° 2303° 3326° 0.030°
15.00 — 2841 3401° 4032* 0.043°
LSD at 0.5 for A 6.14 0.05159 12.06 0.001153
- 0.00 2013° 2290° 302.1° 0.020°
- 0.50 2153% 2253° 3135° 0.023°
- 1.00 225.6° 2.537° 3373  0.028°
LSD at 0.5 for B 2478 0.09077 9.058 0.0008654
0.00 1382 1357 2403 0.002
control 0.50 190.8" 1860.% 2850° 0.017"
1.00 2503 2.560° 354.0° 0.035°
0.00 1484% 1530% 252.0% 0.004
7.50 0.50 199.8% 2.020% 291.0° 0.019®
1.00 2744° 2.837° 3767°  0.039°
0.00 1587 1.607° 261.0° 0.011
10.00 0.50 21827 2.137" 3163% 0.024
1.00 2843 3.407° 389.5° 0.042°
0.00 1746 1.687" 2750 0.014
15.00 0.50 237.6° 2213° 3273% 0.030°
1.00 293.6° 3.960° 4433 0.048°
LSDat0.5 for AX B 4957 0.1815 18.12 0.001731

Means with the same letter are not significantly different.

Addition rates of cobalt were significantly affected to
soil availability of N, P, K and Co contents. The highest
increase was obtained by the addition of 1.0 mg L™ cobalt as
compared to 0.5 mg L™ cobalt and control treatment.

The effect of the interaction between combination of
nitrogen and cobalt treatments on soil availability of N, P, K
and Co contents under study shown in Table 2. The obtained
results indicated that, there was a significant difference for
soil availability content of nutrients. The highest increase
was obtained when the addition of 15.0 kg N fed” combined
with1.0 mg L cobalt may be due to the root secretion, soil

pH and released soil macro nutrients with availability to
plants. This result was agreed with data obtained by Maher
and Youssef (2008), whose tested five levels of cobalt (0, 5,
10, 20, 40, 80, and 100 mg kg™ soil) and observed that the
soil available cobalt concentration increased with increasing
cobalt application rate. Also, Gad Nadia (2006) reported
that, addition of cobalt in the plant media could be magnified
the benefit of nutrients uptake by plants even at the low
concentrations.

II. Effect of nitrogen and cobalt rates on faba bean

productivity and its components.

Data in Table 3 show that the addition of 10.0 and
15.0 kg N fed" significantly enhanced both grain yield of
faba bean, while the application of 7.5 kg N fed” had no
significant effect. The highest increase was obtained at a rate
of 15.0 Kg N fed” and the corresponding increase were
13.16% and 13.18% for grain and straw yields, respectively
as compared to control treatment.

With regard to N rates applied to the soil the same
trend was obtained for faba bean yield of grain and straw
yield, where the addition of 10.0 and 15.0 kg N fed” were
significantly affected straw yield. The highest straw yield
was obtained at rate of 15.0 kg N fed” with corresponding
increase was 13.18 % compared to control treatment.

Roots weights were also significantly affected by
different rates of N fertilizer. The plants received 15.0 kg N
fed” gave the highest values compared to control, and there
were no significant differences were obtained between the
rates of 7.5 and 10.0 kg N fed™ applied.

The obtained result, data attained in Table 2 indicate
that the addition of cobalt at two rates significantly affected
faba bean productivity and its components. The highest
increases were obtained by foliar spray of 1.0 mg L™ cobalt
and the corresponding increases were 10.19, 10.75, 53.16
and 12.37 % for grain, straw, roots and biological yields,
respectively.

Data in Table 3 show that the interaction effect
between nitrogen soil application and foliar spray of cobalt
rates on grain, straw, roots and biological yields were
significant. The combined treatment of 15.0 kg N fed” and
1.0 mg L foliar spray cobalt gave the highest values for
grain, straw, pods and biological yield without no significant
difference between this treatment and applied 15.0 kg N
combined with 0.5 mg L cobalt. The interaction effects
between N and Co rates on roots yield and weight of 100
grains gave also the same previous trend.

The beneficial impact of applied cobalt as foliar
spray on faba been yield may be due to that, the cobalt is
an essential element for nitrogen fixing by
microorganisms, including the cyanobacteria these results
are in accordance with Jordan and Reichard (1998).
reported that, the effect of cobalt depends on enzyme
system in rizobium which may account for influence of
cobalt on nodulation, ribonucleotide reductase and
methylalonyl coenzyme. Kandil Hala (2007) also found
that, the application of cobalt to plants may help in better
nodulation and consequently a better growth and yield
production. On the other hand, cobalt addition increase
the nodules formation of root and atmospheric nitrogen
fixation by microorganisms which increase growth and
yield of faba bean plants. Kandil Hala and El-Mghraby
(2016) reported that, cobalt applied significantly
increased faba bean and wheat yield.
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Table 3. Effect of nitrogen and cobalt rates applied on the productivity of faba bean yield (average of two seasons).

Treatments. kg fed’ Pods yieldkg 100
N rates Co rates Grains yield Straw yield Roots Yield Biological yield fed! grains g
0.0 - 1429° 800.4° 89.64° 2534° 1644° 87.55°
7.50 - 1457 816.5% 97.12° 2590 1677 91.07°
10.00 - 1492° 835.4° 100.5%® 2652° 1738° 89.92°
15.00 - 1617 905.4% 104.1° 2869° 1859* 91.78"
LSD at 0.5 for A 61.77 34.47 4.765 104.5 94.16 1.096
- 0.00 1423¢ 796.9° 86.73° 2520° 1637° 89.26°
- 0.50 1506° 843.3° 99.71° 2675° 1732° 88.97°
- 1.00 1568° 878.0° 107.1° 2788 1820° 92.00°
LSD at 0.5 for B 51.28 28.71 3.565 86.20 54.01 0.9401
0.00 1346° 753.9° 74.018 2376° 1548° 83.53"
control 0.50 1446°% 809.9¢ 81.50" 2555% 1663 87.98°
1.00 1495 837.3% 113.40° 2670 1719 91.13%
0.00 1350° 755.9° 88.73° 2397¢ 1552° 90.06%
7.50 0.50 1376° 771.4° 107.90° 2463 1584% 92.18°
1.00 1647%® 922.2% 94,75%¢ 2911 1894° 90.96"
0.00 1549° 867.3% 90.24% 2739 1781° 91.05"
10.00 0.50 1501 840.8% 113.10° 2681 1727 87.30°
1.00 1425% 798.1% 98.23¢ 2535%f 1706 91.41>
0.00 1447¢% 810.6%% 93.95¢%¢ 25694 1665 92.40%
15.00 0.50 1699* 951.2% 96.37% 3001° 1953° 88.43%
1.00 1704 954.5% 122.10° 3037° 1960° 94.50°
LSD at 0.5 for A X B 102.6 57.42 7.130 172.4 108.0 1.880

Means with the same letter are not significantly different.

ITI. Effect of nitrogen and cobalt rates applied on N,
P and K (kg fed™), Fe, Mn, Zn, Cu and Co, (g
kg) in faba bean grains yield.

Data in Table 4 show that, the application of N at
different rates enhanced significantly the N, P, K, Fe, Mn,
Zn, Cu and Co contents of faba bean grains and the
highest increases were recorded for at soil the application
at the rate of 15.0 kg N fed™.

With regard the effect of cobalt applied as foliar
spray on nutrients status of faba bean grains, straw contents
and roots. The highest nutrients contents were obtained due
to foliar spray of 1.0 mg L™ cobalt, except for P content of
grains, where there was no significant effect between foliar

spraying of 0.5 or 1.0 mg Co L. This may be due to the
positive role of cobalt in water movement and its tendency
towards the rhizosphere area near the plant zone and
consequently, the enhancement occurred on mineral uptake
by the growing plants, particularly in case of water stress as
mentioned by Kandil Hala (2007) she reported that, the
addition of different levels of cobalt namely 5.0, 10.0,15.0
and 20.0 ppm had significant beneficial effect on the status
of studied macro- elements (nitrogen, phosphorus and
potassium) in both shoots and roots of faba bean plants, the
highest content values of N, P and K in shoots and roots
were obtained at the treatment of 20.0 ppm cobalt followed
by 15.0, 10.0 and 5.0 ppm in a decreasing order.

Table 4. Effect of nitrogen and cobalt rates applied on N, P and K (kg fed! and Fe, Mn, Zn, Cu and Co, (g
kg') in faba bean grains yield (average of two seasons).

Treatments. kg fed” g kg’
N rates Corates N P K Fe Mn Zn Cu Co
0.0 — 24927 4180° 2436° 187.9° 32.99° 1538% 13.16°  0.488°
7.50 - 33.09° 5.186° 27.37°  216.0°  4590°  35.56°  24.29°  1.332°
10.00 -  4452° 8355°  3252°  2725°  63.23° 61.84°  3630° 2.142°
15.00 — 60.04* 11.33*  4320° 3425  106.70°  94.72°  57.78%  4.431°
LSD at 0.5 for A 4.098 1.721 1.403 15.93 4.049 2.354 3.200  0.1210
- 0.00 35.13° 6.361°  28.69°  2293°  49.82°  40.28°  26.85°  1.535°
- 0.50 40.36° 7.490*  31.90°  256.4°  60.72°  52.30°  32.87° 1929°
- 1.00  46.43* 7.937°  35.00°  279.0°  76.06°  63.05*  38.93*  2.831°
LSD at 0.5 for B 2.547  1.062 1.124 11.02 3.592 3.023 2246  0.1254
0.00 21.85% 3.367° 21.85% 1694 25265  11.03'  10.42"  0.229
Control 0.50 25.50% 4.238°  24.82f 191" 33.59°  14.73" 1373 0.482
1.00 27.41F 4.935° 26417 202.9°  40.13°°  20.38" 1534 0.753"
0.00 26.45% 4.949°  24.79" 1913 3825 22958  18.65%  1.156%
7.50 0.50 31.68° 5372  25.76°  2022°  41.10°  32.04° 22397 1.2548
1.00 41.12¢ 5.238°  31.56° 2564 5836  51.71°  31.84° 1.586"
0.00 4445 8.057° 3045 2713 5539  55.05°  33.82° 1.605"
10.00 0.50 4431% 8.458°  32.34° 2747 6054  61.22%  35.46%  1.972°
1.00 44.80% 8.551° 3477  271.4%  73.76°  69.27°  39.63¢  2.851¢
0.00 47.77° 9.072°  37.68°  285.0°  80.40°  72.10°  44.50°  3.152°
15.00 0.50 59.96° 11.89*  44.67°  357.2° 107.60° 101.20° 59.92°  4.008°
1.00  72.40° 13.03*  47.25*  385.4*  132.00° 110.80° 68.93*  6.134°
LSD at 0.5 for A X B 5.093  2.125 2.249 22.04 7.183 6.045 4493  0.2508

Means with the same letter are not significantly different.
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The result of the interaction between nitrogen and
cobalt on nutrients contents under study in faba bean
grains were also illustrated in Table 3. The obtained
results showed that all nutrients contents were
significantly responded to all tested treatments and the
addition of 15.0 kg N fed” combined with 1.0 mg L™
cobalt gave the highest values for studied nutrients of
grains, straw and roots. These data confirm with the data
obtained by Kandil Hala and El-Mghraby (2016). Who
found that, cobalt addition with nitrogen significantly
increased N, P, K, Co, Zn, Mn and Cu content of cowpea,
saybean, faba bean and wheat plants.

Data presented in Table 4 also reveal that, all the
used rates of nitrogen (0.0, 7.5, 10.5 and 15.0) kg N fed™
and cobalt (0.0, 0.5, and 1.0) mg Co L™ fed™' significantly
increased N, P and K in grains yield as well as Co, Fe,
Mn, Zn and Cu as compared with control treatment.
These results showed in all treatments except P that was
no significantly affected at 0.5 mg Co L™ accompanied
with 7.5 kg N fed” compared to control treatment.

The highest values of NPK, Fe, Mn, Zn, Cu and
Co in faba bean grains in were obtained when
accompaniment 15 kg N fed' with 1.0 mg Co L7,
followed by 10.0, 7.5 and 0.0 kg N fed™ with 0.5 and 0.0
mg Co L. This positive effect may be due to cobalt
application promoted many of developmental processes
and increases the formation of loghaemoglobin required
for nitrogen fixation, thereby improving the nodules
activity by application of cobalt. These results agreed
with those obtained with Yadav and Khanna (1988) and
Kandil Hala (2007) who reported that contents of macro
nutrients (N, P and K) and micro nutrients (Fe, Mn, Zn,
and Cu) in faba bean plants were increased with
increasing of cobalt application.

Concerning the interaction effect between nitrogen
soil application combined with cobalt foliar spray on N, P,
K, Fe, Mn, Zn, Cu and Co concentrations in faba beans
data in Table 4 show that cobalt sprayed at a rate of 1.0 mg
L™ with full dose of nitrogen fertilizer i.e 15.0 kg N fed”
had the highest impact for all nutrients status under
investigation. Concerning N, P and K nutrients, the highest
values were found at rate of 15.0 kg N fed”' a combined
with 1.0 mg L™ cobalt, followed by 15 kg N fed” and 0.5
mg L™ cobalt, followed by 15 kg N fed” without cobalt
sprayed, for N and K. There were no significant differences
between the dual treatments of 10.0 kg N fed” with or
without cobalt for N. Also, the highest values of P were
found at 15.0 kg N fed' with 0.5 or 1.0 mg L' cobalt,
followed by 15.0 kg N fed” without sparing of cobalt and
the last one was observed when the application of 10 kg N
fed” with or without cobalt. While, no significant deferens
between 7.5 or zero kg N fed” with or without cobalt
applied. Also, data recorded that no significant differences
for K at 10.0 kg N fed” with zero and 0.5 mg L™ cobalt
and 7.5 kg N fed" with 1.0 mg L' cobalt. Moreover, the
same later with 7.5 kg N fed” with zero and 0.5 mg L™
cobalt spray and without N fed' and 0.5 or 1.0 mg L™
cobalt foliar spray.

Concerning the interaction effect between soil
application nitrogen rates and cobalt foliar spray rates on

the concentrations of micronutrients and cobalt in faba

bean grains, data in Table 3 reveal that, the highest values

were obtained when the addition of 15.0 kg N fed” and

1.0 mg Co L™ followed by 10.0 kg N fed™” and 0.5 mg Co

L™, respectively. Data also, show that, no significantly

differences observed between the dual treatment of 7.5 kg

N fed” and 0.5 mg L™ or without cobalt for content of

cobalt in faba bean grains yield. Also, at 7.5 kg N fed”

and 1.0 mg L™ cobalt foliar spray and 10.0 kg N fed”
without foliar spray cobalt for Co and Cu contents,
respectively of faba bean grains yield. As well as the Fe
content in faba bean grains was no significantly affected
at 10.0 kg N fed™ with or without foliar spray applied of
cobalt, while Mn and Zn at rate of 10.0 kg N fed” with

1.0 mg L' foliar spray applied of cobalt or 15.0 kg N fed

! without cobalt were no much difference as Fe content.

These results were more or less agreed with those

obtained by Gad Nadia et al. (2016) who observed that

contents—of N, P, K, Fe, Mn, Zn, Cu and Co were
significantly increased in faba bean at all nitrogen rates
with cobalt applied, the highest values were obtained with

100% N followed by 75 % N. Also, cobalt content in faba

bean was increased with cobalt application.

IV. Effect of nitrogen and cobalt rates applied on
macro, micro-nutrients and Co contents in faba
bean straw and roots.

Data obtained in Tables 5 and 6 shows that as
generally the effect of N application rates on N, P, K, Fe,
Mn, Zn, Cu and Co contents in straw yield and roots,
gave significantly differences values a generally. The
application of nitrogen at different rates progressively
increased the faba bean straw and roots contents of
nutrients under study compared to the control treatment
(without N addition) and the highest values were attained
by the application of 15 kg N fed™.

Concerning the effect of cobalt foliar spray
application rates gave the same trend as nitrogen applied,
where elements contents in both straw and roots
increased with increasing cobalt rates. It could be
concluded that, cobalt applied it was benefit on increasing
elements content in faba bean straw yields or roots. These
results are agree with those obtained by Nadia Gad
(20006) reported that, addition of cobalt in the plant media
could be magnified the benefit of nutrients uptake by
plants even at the low concentrations.

Regarding the interaction effect between N and Co
rates on N, P, K, Fe, Mn, Zn, Cu and Co contents of faba
bean straw yield and roots, data presented in Tables 5 and
6. show significantly responses in elements content in
both faba bean straw and roots when N fertilizers a
combined with cobalt in straw and roots of faba bean
plants. These results were in harmony with Kandil Hala
(2007) who reported that, addition of different levels of
cobalt namely 5.0, 10.0, 15.0 and 20.0 mg L' had
significant beneficial effect on the status of macro- and
micronutrients in both shoots and roots of faba bean
plants, the highest content vales of N, P, K, Fe, Mn, Zn,
Cu and Co, in shoots and roots were obtained at the
treatment of 20.0 mg Co L™ followed by 15.0, 10.0 and
5.0mg L™ in a decreasing order.
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Table 5. Effect of nitrogen and cobalt rates applied on N, P, K, Fe, Mn, Zn, Cu and Co status in faba bean

straw yield (average of two seasons).

Treatments. kg fed”’ gkg”

N rates Co rates N P N Fe Mn Zn Cu Co

0.0 - 12.057 1.659% 7204 85319 88.33% 2922 8514 0.529°

7.50 - 15.64° 2.524°  9226° 104.10° 114.00° 50.12° 15.44°  0.978°

10.00 - 21.46° 3.637°  11.50° 12290 127.70° 72.11° 26.87°  1.760°

15.00 - 28.19* 5231 16.61° 156.90° 187.70*° 137.30° 38.98°  4.158"
6.712  8.098  5.972 1.566  0.1711

LSD at 0.5 for A 1.137 02605  0.5568
- 0.00 16.84° 2.639° 9.815°
-- 0.50 19.33° 3.381° 11.15°
- 1.00  21.84* 3.768*  12.44°
LSD at 0.5 for B 1.064 02155 0.5164

0.00 1033 1.106  6.2088
Control 0.50 11.58" 1.807"  7.422f

1.00  14.23° 2.065%  7.983
0.00 13.86° 1.940"  7.660°"
7.50 0.50  14.68° 2.494%  8.485°
1.00  18.38% 3.137°  11.53¢
0.00 19.82¢ 3.296°7 11.42¢
10.00 0.50  22.31° 3.704%  11.50°
1.00 22.24° 3910 11.60°
0.00 23.34° 4215° 13.97°

15.00 0.50 28.76° 5.517° 17.22°
1.00  32.49* 5960  18.65
LSD at 0.5 for A X B 2.128 0.4310  1.033

105.10° 110.40° 55.13°  18.56°  1.454°
116.60° 131.20° 71.28° 22.53° 1.938°
130.10*° 146.60° 90.17°  2627*°  2.177°
4988 5559 4163  1.196 0.08654
75.90°  67.93%2  20.76 6458  0.367
85.47° 92917 28.88% 8401Y  0.524
94.56% 104.20° 38.02"  10.68"  0.698"
91.36% 101.70% 36.39" 12.93%  0.811%"
98.23¢  108.00° 50.46°  13.89%  0.915%
122.60°  132.20°  63.50¢  19.52"  1.209f
122.20° 125.50°  61.61°7  23.79°  1.591°
122.00° 125.80° 69.98° 27.26°  1.805
124.30°  131.70° 84.75% 29.56*  1.884¢
131.10°  146.40° 101.80° 31.07°  3.045°
160.60° 198.20° 135.80° 40.57°  4.509°
179.00*° 218.40° 174.40° 4531* 4919
9.977 11.12 8326 2392  0.1731

Means with the same letter are not significantly different.

Table 6. Effect of nitrogen and cobalt rates applied on N, P, K, Fe, Mn, Zn, Cu and Co, status in faba bean

roots (average of two seasons).

Treatments kg fed”’ g kg™

N rates Co rates N P N Fe Mn Zn Cu Co

0.0 - 1.167%  0.086° 0.107° 3434 10.34° 4383" 1.136° 0.076°

7.50 - 1.563°  0.185°  0.212°  46.91° 14.41° 9.269° 1.953°  0.180°

10.00 - 1.772° 0296  0.448°  66.77°  20.43° 15.840° 3.493° 0.361°

15.00 - 2.313%  0.440°  0.743*  74.64°  25.14° 26.290° 5.245"  0.550°
2.658  0.8686 0.6676 0.1315 0.001153

LSD at 0.5 for A 0.05159 0.001153 0.05159
- 0.00 1.408° 0.178°  0.267°
- 0.50 1.721° 0.261° 0.374°
- 1.00  1.983* 0317°  0.492°
LSD at 0.5 for B 0.06704 0.0008654 0.02737

0.00  0.858  0.006* 0.059°
control 0.50 0989 0.093  0.092%

1.00  1.655f 0.159"  0.170°
0.00 1.364" 0.142°  0.154"
7.50 0.50  1.737°"  0.209" 0.227°
1.00  1.588%  0.202¢ 0.256%
0.00  1.534% 0.201% 0.310
10.00 0.50  1.989° 0.342°  0.497°
1.00  1.794% 0.344°  0.538°
0.00 1.875° 0.360°  0.546°

15.00 0.50 2.169° 0.398° 0.678°
1.00  2.896° 0.561°  1.006"
LSD at 0.5 for A X B 0.1341 0.001731 0.05474

47.76°  14.38°  10.450° 2.263°  0.209°
56.79°  17.53°  14.110° 2.863°  0.282°
62.43°  20.83° 17.270° 3.743°  0.384°
2,166  0.6748 0.5622  0.1224 0.0008654
26.110  16.709"  3.008"  0.782¢  0.048"
31.15"  9.106%  3.817"  1.0105  0.066
4576 15.210° 6.3268  1.615°  0.114"
40.768  12.560°  7.463"  1.546"  0.103!
52.10°  15.58d° 9.868°  2.082°  0.197%
4787  15.080° 10.480° 2.229°  0.240°
58.83¢  16.90° 10.440° 2.745%  0.273¢
75.13°  23.08° 18.130° 3.873°  0.397¢
66.33°  21.310° 18.930° 3.862°  0.412°
65.34°  21.33°  20.900° 3.980°  0.413°
68.80°  22.36™ 24.630° 4.488°  0.468°
89.77*°  31.72* 33.330° 7.267°  0.770°
4331 1350  1.124  0.2448 0.001731

Means with the same letter are not significantly different.
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