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Abstract

Purpose: The aim of this study was to investigate the effect of organic chemi-
cal and microbial fertilizers on the growth of groundnut and faba bean grown
in three types of soils.

Design/methodologylapproach: Two pot experiments were conducted at the
nursery of the Faculty of Agriculture, University of Khartoum during the
summer of 2009 and winter 2009-2010. The treatments were arranged in
a completely randomized design with three replications. Chicken manure,
manufactured organic fertilizers (Elkhaseeb, Elkhairat and Abu floos), Ef-
fective Microorganisms (EM), Rhizobium and urea were used in three soil
types (Shambat, Elrawakeeb and Gerif). Chicken manure and manufactured
organic fertilizers were applied at the rate equivalent to 40 Kg N/ha and urea
was applied at the rate of 40 Kg N/ha. Data were collected on the number
of nodules, plant height, dry weight of shoots and roots at ten weeks after

sowing. The nitrogen, phosphorus and potassium content of shoots were de-
termined at ten weeks after sowing.
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Findings: The results showed that urea and organic fertilizers, especially
Elkhaseeb, significantly increased most of the measured parameters for both
crops compared to the unfertilized control. Rhizobium inoculation signifi-
cantly increased dry weight of shoots and nodules, number of groundnut and
dry weights of shoots, roots, plant height and potassium content of faba bean.
Effective microorganisms showed no significant improvements in most of the
measured parameters for both crops compared to the untreated control. The
results indicated significant differences between soils, with Shambat soil
being the best, followed by Gerif and Elrawakeeb soils. It is suggested that
locally produced organic fertilizers should be encouraged and standards for
their quality should be developed. Very strict measures and standards should
be imposed as well as careful inspection for all imported microbial fertilizers.
Originality/value: This research was carried out by three researchers from
two institutions concerned with organic production of legumes in Sudan.
The paper emphasizes the efficiency of new commercial organic and micro-
bial fertilizers to conventionally used fertilizers in Sudan on faba bean and

groundnut grown on three types of soils.
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INTRODUCTION

Low soil fertility is considered one of the most important constraints on
improved agricultural production (Ayoub, 1999). Fertilizers are used to
improve fertility and are indispensable for sustained food production, but
excessive use of mineral fertilizers has aroused environmental concerns.
Organic fertilizers coming from fermented and decomposed organic
materials are generally nutritious and safe. Microbial fertilizers are apparently
environment friendly, low cost and non-bulky agricultural inputs which play
a significant role in plant nutrition as a supplementary and complementary
factor to mineral nutrition (Mahajan et al., 2008). Therefore fertilizer and
plant nutrition research should establish a workable relation between
environment preservation and fertilizers (Fageria et al., 2008).

Legumes are an important source of protein for humans and animals.
They provide nutritionally rich crop residues for animal feed and play
a key role in maintaining the productivity of soil. Legumes also play a
unique role due to their ability of fixing atmospheric nitrogen (Elsheikh,
2011). In Sudan, faba bean (Vicia faba L.) and groundnut (Arachis
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hypogaea L.) are mainly grown for human consumption, and groundnut
is one of the most important oil crops, whereas faba bean is one of the
most important food crops.

The objectivesof this work were to compare the effects of microbial
fertilizers (EM), different new commercial organic amendments
“Elkhaseeb”, “Elkhairat”, and “Abu floos” on groundnuts and faba
bean grown on Shambat, Elrawakeeb and Gerif soils and to compare
the efficiency of new commercial organic and microbial fertilizers to
conventionally used fertilizers, namely chicken manure, Rhizobium
and urea.

MATERIALS AND METHODS MATERIALS
Seeds

Groundnut seeds of the variety “Al Geziera” were obtained from
Elhudeiba Research Station, Sudan, and faba bean seeds of the variety
“Agabat” were obtained from the local market, Khartoum, Sudan.

Fertilizers

Urea, four organic fertilizers and two microbial fertilizers were used
in this study. Urea (80 Kg N/ha) was applied two weeks after sowing.
Two Bradyrhizobium strains were obtained from the Department of
Biofertilization, Environment and Natural Resources Research Institute,
National Centre for Research. Bradyrhizobium was added in a liquid form
(5 ml per plant) two weeks after sowing. Bradyrhizobium strain TAL 169
was used for groundnut and Bradyrhizobium TAL1399 for faba bean.
Microbial fertilizer, EM, is a liquid microbial consortium based on diluted
molasses. [t contains yeast (Saccharomyces cerevisiae), lactic acid bacteria
(Rhodopseudomonas palustris), and photosynthetic bacteria (Rhodobacter
sphaeroides). It was obtained from Elmurug Company, Khartoum, at
Elselate scheme. Diluted EM (5 ml to 1 litre water) was applied two
weeks after sowing and then every two weeks until 8 weeks after sowing.

Chicken manure (Table 1) was collected from the poultry farm,
Faculty of Animal Production, University of Khartoum, Shambat, Sudan.
Elkhaseeb composted organic fertilizer was obtained from Elkaseeb
factory at Elbagir. It was prepared as a mixture of sheep manure, farmyard
manure and chicken manure in 1:2:1 ratio. Elkhairat, a composted
organic fertilizer, was obtained from Elkhairat factory at Elselate scheme.
It consists of cow manure, chicken manure and agricultural residues.



Abu floos, a composted organic fertilizer, was obtained from the local
market. It is a mixture of chicken manure and cattle manure thermally
treated and incompletely fermented. All organic fertilizers were applied
at the rate equivalent to 80 Kg N/ha and were added two weeks before
sowing, and the soil was irrigated twice before sowing.

The soils

Three types of soils were used in this study, namely (i) Shambat soil from
the field of the Faculty of Agriculture, University of Khartoum, Shambat,
Sudan, (ii) Elrawakeeb soil from Elrawakeeb Research Station, National,

Centre for Research, Sudan, and (iii) Gerif soil from the River Nile bank.
The soils from different sites were collected from a depth of 0-30 cm.

Soils were cleaned free of debris, lumps were broken with a wooden
stick, and the soils were then mixed thoroughly and analyzed. Particle
size distribution indicated that these soils were clay, sandy loam and silt
clay loam. The pH varied from slightly alkaline (7.54) to neutral (7.00
and 7.28), low (NPK) values, total nitrogen (0.07%, 0.01% and 0.11%),
total phosphorus (0.41%, 0.34% and 0.43%) and soluble potassium
(0.38, 0.10 and 0.13 mmol/l), non-saline EC (1.33, 0.18 and 0.58 dS/m)
for Shambat, Elrawakeeb and Gerif soils, respectively.

Pot experiments

Two pot experiments were carried out at the Department of Horticulture,
Faculty of Agriculture, University of Khartoum, Shambat. Five kg of soil
was placed in plastic bags (30x40cm). Four small holes were made per
bag for drainage of excess water to avoid water logging. Groundnut was
sown on the 13%of August 2009, and faba bean was sown on the 9™ of
December 2009. Three seeds were sown in each bag and irrigated with
tap water at two day intervals. Plant samples were taken at ten weeks
from sowing. Seven fertilizers treatments, namely urea, EM, Elkhaseeb,
Elkhairat, Abu floos, Rhizobium or chicken manure were used in addition
to the control. Each experiment was arranged in a completely randomized
design (CRD) with three replications.

Growth and yield parameters

The number of nodules was determined at six, eight and ten weeks
after sowing, plant height was determined at ten weeks after sowing.
After oven drying at 70°C for 72 hours, root and shoot dry weights were
determined at ten weeks after sowing.
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Tablel. Chemical
composition of

organic fertilizers
used in this study

Plant analysis

After oven drying at 70°C for 72 hours, plants were ground to pass
through a 0.50 mm sieve. Shoot nitrogen, phosphorus and potassium
content were determined according to AOAC methods (1990) at ten
weeks after sowing.

Statistical analysis

Data collected from the experiments were analyzed as a factorial complete
randomized design. Analysis of variance (ANOVA) was performed
according to the method described by Gomez and Gomez (1984). Means
were separated by using Duncan’s Multiple Range Test (DMRT).

RESULTS
Nodule number per plant

The fertilizer treatments significantly (p<0.05) affected the nodule
numbers in groundnut at eight and ten weeks from sowing, except urea
and EM, compared to the control treatment (Table 2). Elrawakeeb soil
showed the highest significant nodule number compared to other soil
types. Elkhaseeb fertilizer applied to Elrawakeeb soil showed the highest
nodule number at eight and ten weeks after sowing. The nodule number
for faba bean was not significantly affected by the fertilizers and the soil
types after six, eight and ten weeks from sowing (data not shown).

Plant height

The plant height of groundnut was neither significantly affected by the
fertilizers nor by the soil types at ten weeks from sowing (Table 3). EM
and Elkahirat significantly (p<0.05) affected the plant height of faba bean
after ten weeks (Table 4). EM, Elkahirat, and Rhizobium significantly
increased the plant height of faba bean when applied to Shambat soil,

Ca Kmmol/ Nammo/ OM O.C N

Mg (%) (%) P (%) 1 1 (%) %) (%) Fertilizers
253 830 0.70 6.84 5.34 49.2 286 2.80 Chicken manure
301 500 0.70 6.99 4.44 559 325 141 Elkhaseeb
450 582 030 4.35 1.98 201 117 1.02 Elkhairat
1,51 830 028 7.11 1.80 179 104 103 Abu floos
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while Abu floos, Elkhaseeb, urea and EM showed a significant effect on
Gerif soil. Elrawakeeb and Gerif soils showed significantly higher plant
height compared to Shambat soil at ten weeks after sowing.

Shoot dry weight

Elkhairat significantly (p<0.05) affected the shoot dry weight of
groundnut (Table 3). There were no significant differences between
soil types. Abu floos applied to Elrawakeeb soil significantly (p<0.05)
increased the shoot dry weight of groundnut. Shambat soil showed the
highest shoot dry weight compared to other soils. Rhizobium inoculation
significantly increased the shoot dry weight compared to control at ten
weeks after sowing. There were no significant differences between soil
types, however significant differences were observed in the interaction

between Rhizobium and Shambat soil (Table 4).

Root dry weight

Elkhasseb significantly increased the root dry weight of groundnut
compared to control and other fertilizers at ten weeks after sowing.
Elkhasseb applied to Elrawakeeb soil significantly increased the root
dry weight of groundnut compared to control. Significant differences
between soil types were not observed (Table 3). The fertilizers
significantly (p<0.05) affected the root dry weight of faba bean at ten
weeks after sowing except Rhizobium inoculation (Table 4). Elrawakeeb
and Gerif soils showed the higher root dry weight compared to Shambat
soil at ten weeks after sowing.

Nitrogen, phosphorus and potassium contents in shoot

Elkhaseeband Rhizobium significantly (p<0.05) increased the nitrogen
content of groundnut compared to the control (Table 5). There were
no significant differences in shoot nitrogen content between soil types.
The interaction between Elrawakeeb soil and Rhizobium gave the highest
shoot nitrogen content. Fertilization treatments had no significant effect
on the shoot phosphorus content of groundnut compared to the untreated
control (Table 5). Shambat soil showed significant increment in shoot
phosphorus content compared to Elrawakeeb and Gerif soils. Neither
the fertilizer treatments nor the soil types significantly (p<0.05) affected
the shoot potassium content of groundnut (Table 5). The interaction
between Elrawakeeb soil and CM showed the highest significant effect on
shoot potassium content. All fertilization treatments had no significant
(p<0.05) effect on nitrogen content of faba bean (Table 6). Shambat and



TEEEE 9 0 4 £a .
0o & O 5 = (7] c =I ]
B2 §E 9 N T 3 2 @&
£ € g & o 5 = - = D w ®
@ 3.0 ©C & {9} v &< . .0 £ 0 ¢
o8 o0 £ 2@ c 804 W,v
g By S MIcS $SES 8588
- wEFEO235EE5 53,
= Q BEWEABFTE G c £
Q%05 :-:9853¢28%
F5565c6a6aadal s k3
*189] dduery S[dnNJA $ uBdUN(] 03 FUIPIOIE (GO°0) Sd I8 JUSISHIP A[IULOYIUSIS JOU 218 ($)I9339] SWes Y3 Aq pImO[[Of SUBIIN
Vg0 V80 V860 VoL0 V690 V8L0 VoL0 VOoL0 UBIN
V890 3op269°0 3opK9°0 8p09°0 32160 P29L8°0 BPPRILO  PPAY6EL0  BRPISY0 RS
VoL0 8pPpa¢. 0 eol'l 3¢h0 Paqey6°0 3PPy 0 9p29$8°0 3PT60 8PP269°0 (oemey
VL0 qeIT'l B9p20L°0 3opa7L°0 3op269°0 36h0 °P2908°0 29e66°0 3ppa7L 0 dequieyg
wnisse1oJ
VL0 VL0 VL0 Vo V810 VeTo Vo610 VL0 UBIN
d91°0 P90 JOP29R0T°0 FoP>9¥81°0 FoP29e81°0 32800 F2P>9€07°0 FP2TT°0 JL00 O
dL1°0 FP2¢T°0 FPT1°0 FPOT0 qe0¢’0 FPEIT0 QqE8T°0 FP2¢1°0 FP¢ET0 e BMBY
Vero FPaFT°0 FP9EIT0 PPqey7°0 FOP29e81°0 P2qes7°0 FP2qEIT°0 'O BIE0 jequieys
snaoydsoy g
viLe dvere dVves¢ dvoe't Vo8¢ 9’1 dVvesT Odor'T UBIN
A44%9 2p2qe96°'7 Pqezse OpAe86T 2qey9°¢ €90y Y4¢e6'0 PPqeeT e qeel¢ RO
Voe'e B0V qelLe 2qey9 ¢ qelLe qeeL'e BPTIT °P2908°C PPISHT (eI BMBY
Vst qeI0Y 3PLTT BT usjeeT qeeL e USeeT JOPOY'T Y3611 fequieys
ud30mIN
sueaw [10§ wnmqoxnyy WO SO0 nqy Heareyg qeaseyIq WH v [onuoy S[toS

SI9ZI[II9 ]




IJSR
4,1

47

Gerif soils significantly increased the shoot nitrogen content compared
to Elrawakeeb soil. Elkhairat applied to Shambat soil significantly
(p<0.05) increased the shoot nitrogen content of faba bean. Abu floos,
Elkhairat, EM, Rhizobium, and CM significantly (p<0.05) increased the
shoot phosphorus content of faba bean compared to the control (Table
6). Elrawakeeb soil significantly increased the shoot phosphorus content
compared to Shambat and Gerif soils. Rhizobium applied to Shambat
soil and Abu floos applied to Elrawakeeb soil showed the highest
phosphorus content. Elkhaseeb, Elkhairat, Rhizobium, chicken manure
and EM significantly (p<0.05) increased the shoot potassium content
of faba bean compared to the control (Table 6). Elrawakeeb and Gerif
soils significantly increased the shoot potassium content compared to
Shambat soil. The highest shoot potassium content was obtained when
Elkhaseeb was applied to Gerif soil.

DISCUSSION
Effective microorganisms (EM)

Generally, application of EM in this study did not significantly increase
the studied parameters of the tested crops grown in different soil types.
Javaid and Bajwa (2011) reported that the effect of EM application on
nodulation in legumes is highly variable, ranging from significantly negative
to significantly positive, and they found that EM application alone had
no effect but significantly enhanced shoot biomass of mung bean in the
presence of NPK amendments. Moreover, Bajwa et al. (1995) stated that it
is often difficult to establish the predominance of effective microorganism’s
cultures in soil with only a single application and during only one season
because EM provides no nutrients directly. In addition, indigenous soil
microbial populations are often constraints to the establishment of these
microorganisms. However, these constraints could be overcome through
periodically repeated applications of effective microorganisms at least
during the first few years (Javaid et al., 2000). Furthermore, source and
amount of soil nutrients, soil type as well as the test crop may affect the
establishment and efficacy of these microorganisms when application is

started in a soil for the first time (Javaid and Shah, 2010).
Rhizobium

In this study Rhizobium inoculation significantly increased nodule
number and dry weight of shoot and root in addition to nitrogen content

of groundnut. Previously, similar results were obtained by Sulfab et al.
(2011) and Singh et al. (2011).
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The nodule number of faba bean was not significantly affected by the
Rhizobium inoculation. Increasing number of root nodules is not considered
as a reliable parameter of efficient symbiosis between bacteria and host
plant. A Rhizobium strain may form many nodules which are not effective
in nitrogen fixation (Ali et al., 1997). Other parameters are adopted for
measuring the effectiveness of Rhizobium strains such as weight of plant
(Beck, 1992), or plant nitrogen content (Moawad et al., 1988).

Rhizobium inoculation significantly increased plant height, dry
weights of shoot and root, phosphorus and potassium content of faba
bean shoot. Inoculation is particularly important when local and
indigenous soil rhizobial populations are either absent, present in very
low numbers or not effective. When rhizobial population density is lower
than 100 cfu per gram of soil, inoculation is likely to be beneficial for
crop productivity. In such low population densities, inoculation would
prove cost efficient regardless of the nitrogen fixation efficiency of the
indigenous Rhizobium (Catroux et al., 2001).

Rhizobium inoculation of faba bean significantly increased shoot and
nodule dry weight and nitrogen content in shoot and yield (Mohamed and
Babiker, 2012). Moreover, inoculation of faba bean with local or introduced

cultures of Rhizobium leuguminosarum bv. viceae improved nodulation, plant
growth and grain in Sudan (Rugheim and Abdelgani, 2009).

Manufactured organic fertilizers

In this study, results showed that application of different manufactured
organic fertilizers (Elkhaseeb, Elkhairat and Abu floos) significantly
increased most of the measured parameters for groundnut and faba bean.

Abdelhameed et al. (2004) reported that the application of compost
significantly increased faba bean growth and yield. Moreover, compost
showed a marked increase in nodulation, shoot, root and total biomass

of groundnut (Singh and Jagadees, 2009).

Manna et al. (2001) found that matured compost significantly
increased total P, water soluble P, citrate soluble P, total N and NO,,
whereas the application of phosphocompost at the rate of 10 t/ha
improved plant growth, dry matter accumulation, seed yield and P uptake
by soybean equivalent to a single dose of super phosphate at 26-2 kg P/
ha. The continuous turnover of enriched phosphocompost increased
soil microbial biomass C and the activity of enzymes compared to the
application of chemical fertilizer.



CHICKEN MANURE

Generally, the results of the experiments in this study indicated that
chicken manure significantly increased various growth parameters
of the tested crops. According to Forawi and Eisheikh (1995),
application of chicken manure increased nodulation, dry matter
production and plant nitrogen content of fenugreek. Moreover,
Ibrahim et al. (2011) found that chicken manure improved the
dry weight of shoots and roots, nodulation, grain yield and yield
components of hyacinth bean and soybean. Chicken manure
was also reported to be a good source of N and P for the growth,
nodulation and yield of some grain legumes, particularly soybean
and cowpea (Tagoe et al., 2010).

UREA

In this study, urea significantly increased nodule number, root and shoot
dry weights of groundnut and root dry weight of faba bean. Generally,
high doses of nitrogen reduced nodulation and nitrogenase activity of
faba bean. Starter dose (10 kg N/ha) however, improved plant stand
and enhanced nitrogen fixation and faba bean production (Mukhtar
and Babiker, 1993). Pareek and Poonia (2011) found that increasing
the level of nitrogen increased the number of pods per plant, shelling
percentage, seed and yield of groundnut progressively up to 60 kg/ha
applied in three doses.

CONCLUSIONS
According to the findings of this study, the following conclusions can
be drawn:

1. Manufactured organic fertilizers (Elkhaseeb, Elkhairat and Abu
floos) significantly increased most of the measured parameters
in both crops compared to the control and other fertilizers.

2. Shambat soil showed the best growth performance for all
measured parameters followed by Gerif and Elrawakeeb soils,
respectively.

3. Effective microorganisms (EM) showed no significant
improvements in most of the measured parameters for both
crops compared to the untreated control.

Response of
groundnut
and faba bean
to organic
chemical

50




IJSR
4,1

51

ACKNOWLEDGMENTS

We are grateful to the Elkhasseb, Elkhairat, Morouj Companies,
Khartoum, Sudan and the Department of Biofertilization Environment
and Natural Resources Research Institute National Centre for Research,
Khartoum, Sudan for providing manufactured organic fertilizers and
microbial fertilizers.

REFERENCES

Abdelhameed, M.T., Horiuchi, T. and Shiya, O. (2004), “Composting
of rice straw with oilseed rape cake and poultry manure and its effects

on faba bean (Vicia faba L.) growth and soil properties”, Bioresource
Technology, Vol. 93 No. 2, pp. 193-189.

Ali, M., Horiuchi, T. and Miyagawa, S. (1997), “Nodulation, nitrogen
fixation and growth of soybean plants (Glycine max Merr.) in

soilsupplemented with chitin and chitosan”, Japanese Journal of Crop
Science, Vol. 66 No. 1, pp.100-107.

AOAC (1990), Association of Official Analytical Chemists, Official
Methods of Analysis of the 15" ed. Wilson Boulevard, Arlington,
Virginia, USA.

Ayoub, A.T. (1999), “Fertilizers and the Environment”, Nutrient Cycling
in Agroecosystems, Vol. 55, pp. 117-121.

Bajwa, R., Javaid, A. and Tasneem, Z. (1995), “Response of indigenous
soil microflora to EM inoculation in Pakistan”, Biota, Vol.1, pp.73-79.

Beck, D.P. (1992), “Yield and nitrogen fixation of chickpea cultivars
in response to inoculation with selected rhizobial strains”, Agronomy

Journal, Vol. 84 No. 3, pp. 510-516.

Catroux, G., Hartmann, A. and Revellin, C. (2001), “Trends in rhizobial
inoculants production and use”, Plants and Soil, Vol. 230, pp. 21-30.

Elsheikh, E.A.E. (2011), Environmental Soil Ecology, Khartoum
University Press.

Fageria, N.K., Baligar, V.C. and Li, Y.C. (2008), “The role of nutrient
efficient plants in improving crop yields in the twenty first century”,
Journal of Plant Nutrition, Vol. 31, pp. 1121-1157.

Forawi, H.A.S. and Eisheikh, E.A.E. (1995), “Response of fenugreek to

inoculation as influenced by salinity, soil texture, chicken manure



and nitrogen”, University of Khartoum Jowrnal of Agricultural Sciences,
Vol. 3 No. 2, pp. 77-90.

Gomez, K.A. and Gomez, A.A. (1984), Statistical Procedures for
Agricultural Research, 2™ ed., John Wiley and Sons, Inc., UK.

Ibrahim, K.A., Elsheikh, E.A.E., El Naim, A.M. and Mohammed, E.A.
(2011), “Effects of Bradyrhizobium inoculation on yield and yield
components of hyacinth bean (Dolichos hyacinth L.)”, Australian
Jowrnal of Basic and Applied Sciences, Vol. 5 No. 6, pp. 303-310.

Javaid, A. and Bajwa, R. (2011), “Field evaluation of effective
microorganisms (EM) application for growth, nodulation, and
nutrition of mung bean”, Turkish Jowrnal of Agriculture and Forestry,

Vol. 35, pp. 443-452.

Javaid, A., Bajwa, R., Siddiqgi, I. and Bashir, U. (2000), “EM and
VAM technology in Pakistan VIII: Nodulation, yield and VAM
colonization in Vigna mungo in soils with different histories of EM
application”, International Jowrnal of Agriculture and Biology, Vol. 2,

pp- 1-5.
Javaid, A. and Shah, M.B.M. (2010), “Growth and vyield response of

wheat to EM (Effective Microorganisms) and parthenium green
manure”, African Journal of Biotechnology, Vol. 9, pp. 3378-338]1.

Mabhajan, A., Gupta, R.D. and Sharma, R. (2008), “Bio-fertilizers - A
way to sustainable agriculture”, Agrobios Newsletter, Vol. 6 No. 9, pp.
36-37.

Manna, M.C., Ghosh, PK., Ghosh, B.N. and Singh, K.N. (2001),
“Comparative effectiveness of phosphate-enriched compost and
single superphosphate on yield, uptake of nutrients and soil quality
under soybean—wheat rotation”, Journal of Agricultural Science, Vol.

137, pp. 45-54.
Moawad, H., Badr El Din, S.M.S. and Khlafallah, M.A. (1988), “Field

performance of rhizobial inoculants for some important legumes in
Egypt”, in: Nitrogen Fixation by Legumes in Mediterranean Agriculture,
(ed. D.P. Beck and L.A. Materon), pp. 144-235. Martinus Nijhoff
Press, the Netherlands.

Mohamed, S.S. and Babiker, HM. (2012), “Effects of Rhizobium
inoculation and urea fertilization on faba bean (Vicia faba L.)
production in a semi-desert zone”, Advances in Environmental Biology,

Vol. 6, pp. 824-830.

Response of
groundnut
and faba bean
to organic
chemical

52




IJSR
4,1

53

Mukhtar, N.O. and Babiker, H.M. (1993), “Nitrogen fixation research in
Sudan. An overview”, in: Proceedings of the First Scientific Conference
of the National Centre for Research, 25-28 Jan 1993, Friendship Hall
Khartoum, Sudan.

Pareek, N.K. and Poonia, B.L. (2011), “Effect of FYM, nitrogen and foliar
spray of iron on productivity and economics of irrigated groundnut in
an arid region of India”, Archives of Agronomy and Soil Science, Vol.

57 No. 5, pp. 523-531.

Rugheim, A.M.E. and Abdelgani, M.E. (2009), “Effects of Rhizobium,
Bacillus megatherium var. phosphaticum strains and chemical
fertilizers on symbiotic properties and yield of faba bean (Vicia

faba L.)”, Advances in Environmental Biology, Vol. 3 No. 3, pp.
337-346.

Singh, G.P, Singh, PL. and Panwar, S. (2011), “Response of groundnut
(Arachis hypogaea L.) to biofertilizer, organic and inorganic source of
nutrient in North East India”, Legume Research, Vol. 34 No. 3, pp.
196-201.

Singh, M.D. and Jagadees, K.S. (2009), “Use of composted eupatorium
as a source of nutrients for groundnut”, University of Karnataka Jowrnal
of Agricultural Sciences, Vol. 22 No. 1, pp. 190-197.

Sulfab, H.A., Mukhtar, N.O., Hamed, M.E. and Adam, A.l. (2011),
“Effect of Rhizobium inoculation and organic manures on growth
and vyield of groundnut (Arachis hypogaea L.) in Malakal, Sudan”,
University of Khartoum Jowrnal of Agricultural Sciences,Vol.19 No. 1,
pp. 49-63.

Tagoe, S.O.,_Horiuchi, T. and_Matsui, T. (2010), “Effects of carbonized
chicken manure on the growth, nodulation, yield, nitrogen and
phosphorus contents of four grain legumes”, Journal of Plant Nutrition,
Vol. 33, pp. 684-700.

ABOUT THE AUTHORS

Thuraya Ali Mohammed earned a BSc (Agric. Honors) in 2004 from the
University of Sebha, Libya. She recently received her MSc (agriculture)
from the Faculty of Agriculture, University of Khartoum. Currently she is
a part time Teaching Assistant in the Faculty of Agriculture, University
of Khartoum, teaching soil microbiology, soil ecology, soil fertility and
soil physics practical courses.



Professor Elsiddig Ahmed Elmustafa Elsheikh is an environmental
microbiologist. He is a holder of First Class Honours from the University
of Khartoum (Sudan) and a PhD from the University of Reading, (UK).
He was awarded the Prize for innovation and scientific excellence as
well as the Presidential Order of Science, 2004. Previously, he was the
Director General of the Scientific Research and Planning Department,
Ministry of Higher Education and Scientific Research. He is newly chosen
as a member of the first Intergovernmental Technical Panel on Soils,
FAO, Rome, Italy. He was the Academic Secretary, Deputy Principal,
and Deputy Vice-Chancellor, and the current Vice-Chancellor (since
April 2011) of the University of Khartoum. In addition to teaching
microbiology and environmental sciences, he delivers public lectures
in skills development such as innovation, critical thinking, positive
thinking, leadership and team building. He has published more than 70
scientific papers in national and international reputable journals and
conferences in addition to seven books. He is a board member of many
scientific refereed journals.

Dr Awad Galal Osman Mohamed is Associate Professor of soil
microbiology currently working as a manager of the Central Laboratory,
Environment and Natural Resources Research Institute, National
Centre for Research, Ministry of Science and Technology, Khartoum,
Sudan. He was awarded a PhD in biology by the Timiryazev Agricultural
Academy, Moscow, Russia, and achieved his MSc (agriculture) at
the University of Khartoum and BSc (Agricultural Chemistry) at the
Timiryazev Agricultural Academy, Moscow, Russia. He has attended
many seminars, workshops and training courses, and has supervised
many postgraduate students. He also leads research projects dealing with
different aspects of environmental problems in Sudan. He is a member
of many scientific societies and has published more than thirty-five
scientific papers in peer-reviewed journals. He is an external examiner
for postgraduate programmes at many universities in Khartoum, and
acts as a consultant for many private companies in the application of
microbial fertilizers in Sudan.

Response of
groundnut
and faba bean
to organic
chemical

54




