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ABSTRACT

Two field experiments were conducted to test the efficiency of selected
rhizobia in charcoal and filter-mud as suitable carriers. Rhizobium isolates procured
from naturally initiated nodules were compared with imported strains for nodulation in
two forage plants, Medicago sativa and Clitoria ternateaa at two different sites in the
Sudan. The local isolates proved to be as efficient as the imported strains. In the
field experiment, there was a marked positive effect in response to inoculation with the
carrier based inoculants. Fresh and dry weight, total nitrogen content and number of
nodules per plant were significantly higher in modulated plants as compared with the
control (non-inoculated and non-inoculated plants which received urea. The range of
increase was between 16 and 94%.
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INTRODUCTION

As a result of intensive cropping, cultivable lands suffered depletion of
nutrients, and fertilizer application became very essential. Countries all over
the world especially the underdeveloped are currently spending a lot of
money on fertilizers. The situation made it necessary to look for alternative
means to minimize these costs. One alternative is to rely on leguminous
crops for fixing the atmospheric nitrogen through the Rhizobiu nodules
association. In Sudan, nodulation is usually limited by the factors affecting
the legume — Rhizobium symbiosis. One of these factors may be the
absence of the right strain of the rhizobia. Hence, in the past few decades
considerable emphasis was given to improve this symbiotic process, and the
production of Rhizonium inoculants prospered widely.

The production and utilization of Rhizobium inoculants in the Sudan
has not been tried before, except for the limited work on Phaseolus vulgaris
(Dawood, 1987).

MATERIALS AND METHODS

The techniques used for seed inoculation with carrier based inoculants
were as described previously (EINour, 1987). Two imported Rhizobium
strains (TAL 380 and TAL 1372) and one local isolate (SUD 20) were tested
with Medicago sativa L. while two local isolates (SUD 150 and SUD 160) and
one imported strain (TAL 1282) were tested with Clitoria ternatea L. The
imported strains were obtained from the NIFTAL project, University of Hawaii,
U.S.A.

The experimental sites for this study were selected in such way that
they represent the region in which the legumes are/or will be grown. On this
basis two farmer's fields were selected: i- Soba farm at Khartoum province
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and ii- Genetti farm at Northern province (350 miles north of Khartoum). Split
plot design with 4 replicates was used for both experiments. The plot size
was 7.5 m x 2.5 m. Forty plots were prepared for each crop at the two sites.
The treatments were, control (uninoculated), uninoculated plus urea and
modulated with the isolates/strains under the test. Urea was applied twice at
the same rate of 26 kgN/ha at planting time and after the first cut. Plant
samples were taken 30 and 60 days from sowing in the case of Medicago
sativa and 45 and 90 days in the case of Clitoria ternata. Randomly selected
plants from each replication were carefully dug out.

Roots were thoroughly washed, and the nodules from each root
system were collected and counted. Plant tops were separated. Fresh and
dry weights (oven dried at 65°C) were determined. The yield of the first and
second cut was also taken. The total nitrogen content was determined in the
dried tissues by the conventional micro kjeldahl method as described by
Pirie (1955). The results were statistically analysed using the Duncan's new
multiple range test (Steel and Torrie, 1980).

The difference in yield between the two sites could be attributed to
climate differences or/and to the physico-chemical properties at the two
locations (Table 1). Properties such as pH, salinity and concentration of
certain ions are crucial for good nodulation.

Table 1: Physico — chemical properties of Genetti and soba soils.

Soil series
Property Soba Genetti
pH 7.8 7.1
EC, m mbos/cm 1.5 0.35
Saturation % 51.5 72.6
Texture Sand Silt Clay Clay
52% 7.58 40.58
N% 0.03 0.1
P20s (ppm) 0.09 0.28
Anion m. e/L C 3 1.0 2.0
HCO 3 5.5 9.0
Cl- 2.7 1.7
SO 4 10.0 3.56
Cation m. e/L ca** 3.0 6.0
Mg* 4.0 12.0
Na* 14.3 2.0
K* 0.12 0.51

* Soil analyses was carried out according to the procedure listed in the USDA by Dr.
H.M.A./Magid Soil, Department, Faculty of Agriculture, University of Khartoum.

RESULTS AND DISCUSSION

Data presented in Tables 2, 3, 4 and 5 show that inoculation has
resulted in a significant increase in dry matter accumulation, total nitrogen
content and nodules number per plant. The degree of increase differed with
the type of isolate/strain used and the field location. In case of Clitoria
ternatea at Genetti site, inoculation with TAL 1282 resulted in 78% increase
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in dry weight when incorporated in charcoal and 79% increase when the
rhizobia were carried in filter-mud (Table 2). Inoculation with SUD 150
increased the yield by about 60% over the control for both carriers. This
percentage increase dropped to 16 and 17% when the plants were inoculated
with SUD 160 carried in charcoal and filter-mud respectively. However, non-
inoculated plants treated with urea resulted in an increase in yield of about
25% compared with the control plants. At the Soba site, the plants
responded positively to inoculation with TAL 1282, SUD 150 and SUD 160
based on both carriers. The response was similar to that of Genetti, but
slightly higher values were observed (Table 3).

Table 2: Response of Clitoria ternatea to inoculation with charcoal and
Filter-mud-based inoculants in the Genetti Farm Variance
analysis was done.

Shoot Nodules
Treatment |Fresh [Dry wt. | Fresh Dry % Number of | Nodule
per plot wt. |g/plant | wt. wt. N- nodules | Fresh wt.
g/plant ton/ha [ton/ha per plant | g/plant
[TAL1282 90.00 [44.17a | 25.20 |11.20a | 2.57a 19.00 0.23a
SUD 150 75.00 [41.00b | 21.80 |10.10b | 2.38b 17.00 0.12b
SUD 160 60.50 [35.15c | 18.98 |7.30d | 2.31c 14.00 0.18c
Uninoculated
+ N 61.00 [33.17d | 20.10 |7.90c | 2.40b 0.00 0.00
Control 48.40 |28.15e | 14.90 [6.30e |1.00d 2.00 0.001d
[TAL 282 92.10 [44.00a | 25.30 |11.30a [2.50ab 20.00 0.14a
SUD 150 77.00 [41.15b | 22.00 |10.20b |2.46ab 19.00 0.22b
SUD 160 61.70 |37.07c | 19.00 |7.40d | 2.30c 16.00 0.19c
Uninoculated
+ N 61.10 [33.10d | 20.20 |7.90c | 2.40b 0.00 0.00
Control 48.50 [28.30e | 15.20 |6.30e | 1.00d 2.00 0.001d
LSD - 0.15** - 0.10** [0.14** - 0.01**

In a column means followed by the same letter are not significantly different at P = 0.05
as given by Duncan’s New Multiple Rang Test.
** Highly significant difference.

Inoculation of Medicago sativa with TAL 380, TAL 1372 and SUD 120
at both sites resulted in a significant increase in dry matter accumulation,
nodule number, total nitrogen and dry weight per plant.

At the Soba farm, when the plants were inoculated with TAL 380, the
increases in dry yield were 65% in the charcoal inoculant and 96% in the
filter-mud inoculant. The imported strain TAL 1372 produced a comparable
increase. However, inoculation with the local isolate, SUD 120, increased the
dry yield by 93 and 94% when the rhizobia were carried in charcoal and filter-
mud respectively (Table 4). Similar results were observed at Genetti site
when Medicago sativa was inoculated with the above mentioned
isolates/strains (Table 5). The plants treated with urea only, responded
positively and showed an increase in dry weight of 32% and 1% at Soba and
Genetti sites respectively (Tables 4 and 5). The results obtained in this study
agree well with those obtained by Hickey et al. (1974) and Dawood (1987). It
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was observed that the urea caused total inhibition of nodule production at
both sites. The inhibitory effect of combined nitrogen on nodule initiation was
also observed by Dart and Mercer (1965), Dart and Wildon (1970), Khalifa
(1987) and Van Heerden et al. (2007).

Table 3: Response of Clitoria ternatea to inoculation with charcoal and
Filter-mud-based inoculants in the Soba Farm the Variance
analysis was done.

Shoot Nodules
Treatment/ | Fresh | Dry wt. |Fresh wt.| Dry wt. (% Total| Number of | Nodule
plot wt. | g/plant | ton/ha | ton/ha N~ nodules/ |Fresh wt.
g/plant plant g/plant

TAL 1282 95.00 | 48.15a | 26.30 11.80a |3.15ab 20.00 0.27a
SUD 150 77.00 | 39.70b 22.80 10.70b | 3.00c 18.00 0.21bc
SUD 160 62.20 | 32.20d 20.20 7.90c 2.70 15.00 0.20c
Uninoculated
+ N 63.20 | 33.70c 21.90 8.20d 2.30 0.00 0.00

Control 49.50 | 29.80e 16.20 6.90e 1.00d 2.00 0.001d
TAL 1282 96.00 | 48.10a | 26.50 11.90a | 3.20a 23.00 0.28a
SUD 150 77.00 | 39.80b 22.70 10.80b 3.10 20.00 0.22b
SUD 160 64.00 | 32.10d 20.30 7.70c 2.80 17.00 0.21bc
Uninoculated

+ N 63.30 | 33.80c | 21.70 8.20d 0.00 0.00 0.00
Control 49.30 | 29.90e | 17.10 6.80 2.00 2.00 0.001d
LSD - 0.14* - 0.19** | 0.09** - 0.01**

In a column means followed by the same letter are not significantly different at P = 0.05
as given by Duncan’s New Multiple Rang Test.
** Highly significant difference.

Table 4: Response of Medicago sativa to inoculation with charcoal and
Filter-mud-based inoculants in the Soba Farm the Variance
analysis was done.

Shoot Nodules

Treatment/|[Fresh wt.| Dry wt. |Fresh wt.| Dry wt. |% Total| Number of | Nodule

plot g/plant | g/plant | ton/ha | ton/ha N~ nodules/ |Fresh wt.
plant g/plant

[TAL 380 18.51 8.27b 4.51 1.719c | 2.25c 9.00 0.09c

TAL 1372 19.80 8.30b 5.76 1.737bc | 2.50b 10.00 0.10bc

SUD 120 22.43 9.60a 6.43 2.0la |2.65ab 11.00 0.11ab

Uninoculat

ed + N 16.90 7.50c 4.19 1.37d 2.00d 0.00 0.00

Control 13.20 2.25d 3.70 1.04e 1.00e 0.00 0.00

ITAL 380 18.60 8.30b 4.60 1.72c 2.20c 11.00 0.10bc

SUD 1372 19.90 8.40b 5.78 1.74b 2.55b 13.00 0.11ab

SUD 120 22.60 9.70a 6.45 2.02a 2.70a 14.00 0.12a

Uninoculat

ed +N 16.50 7.40c 4.18 1.37d | 2.00d 0.00 0.00
Control 13.20 5.20d 3.70 1.04e | 1.00e 0.00 0.00
LSD - 0.10* - 0.01** ] 0.08** - 0.008**

In a column means followed by the same letter are not significantly different at P = 0.05
as given by Duncan’s New Multiple Rang Test.
** Highly significant difference.
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Table 5: Response of Medicago sativa to inoculation with charcoal and
Filter-mud-based inoculants in the Genetti Farm the Variance
analysis was done.

Shoot Nodules
Treatment/ [Fresh wt.| Dry |Fresh wt.| Dry wt. [% Total|Number of | Nodule
plot g/plant |wt. g/| ton/ha | ton/ha N- nodules/ |Fresh wt.
plant plant g/plant
[TAL 380 22.30 |10.20b| 14.00 5.05c | 2.60b 17.00 0.21c
[TAL 1372 2440 ]11.80b| 14.20 5.46b | 2.70a 19.00 0.21bc
SUD 120 26.00 |12.70a] 14.80 6.25a 2.90 22.00 0.24a
Uninoculated
+ N 20.90 |9.80d| 13.20 4.29c | 2.20c 1.00 0.00
Control 18.20 |8.15e| 11.00 3.80e | 1.10d 2.00 0.001d
[TAL 380 2250 |8.30c| 14.20 5.10c | 2.60b 19.00 0.21d
SUD 1372 24.60 |11.90b| 14.50 5.50b | 2.70a 22.00 0.22b
SUD 120 26.00 |12.80a] 14.90 6.30a 2.80 24.00 0.25a
Uninoculated
+ N 21.00 |9.70d| 13.30 4.30d | 2.20c 1.00 0.00
Control 18.20 |8.15e| 11.00 3.80e | 1.10d 2.00 0.001d
LSD - 0.10** - 0.06** | 0.07** - 0.01**

In a column means followed by the same letter are not significantly different at P = 0.05
as given by Duncan’s New Multiple Rang Test.
** Highly significant difference.

Conclusion

The two experimental crops responded positively to inoculation with
the carrier based inoculation. The degree of response varied according to
the isolate/strain used and the site of experimentation. Thus, the response of
Clitoria ternatea and Medicago sativa at the Genetti farm was better
compared with that at the Soba farm, whereas at both sites the isolate/strain
of Rhizobium used had a significant effect on dry matter yield expressed in
ton/ha.

REFERECNES

Dart, P.J. and Mercer, F.V. (1965). The effect of growth temperature, level of
ammonium nitrate and light intensity on the growth and nodulation of
cowpea (Vigna sinensis. Aust. J. Agric. Res. 16, 321 — 345).

Dart, P.J. and Wildon, D.C. (1970). Nodulation and nitrogen fixation by
Vigna sinensis and Vicia atropurpurea: The influence of concentration,
form and site of application of combined nitrogen. Aust. J. Agric. Res.
21: 45 - 56.

Dawood, E.S. (1987). Studies on the nodulation of Phaseolus vulgaris by
Rhizobium isolates. M.Sc. Thesis, University of Khartoum: 1-66.
EINoor, M.E.M. (1987). Studies on the nodulation and nitrogen fixation of
Medicago sativa and Clitoria ternatea. M.Sc. Thesis, University of

Khartoum: 1-92.

6039



EINour, Mawahib and M. A. Wasfi

Hickey, J.M., Robertson, W.K., Hubbell, D.H. and Whitty, E./B. (1974).
Inoculation, liming, and fertilization of peanuts on Lakeland fine sand.
Proc. Soil Crop Sci. Fla. 33, 218 — 222.

Khalifa, F.M. (1987). Effect of nitrogen on nodulation and yield of soybeans
under two systems of production in Sudan. J. Agric. Sci. Camb. 108:
259 — 265.

Pirie, N.W. (1955). Proteins-Modern methods of plants analysis. Peach, K.
& Tracey, M.V. (eds.) TV, 23, Springer-Verlag, Berlin.

Steel, R.G.D. and Torrie, J.H. (1980). Principles and procedures of
Statistics. A Biometrical Approach. 20d ed. London McCraw-Hill. ISBN
0-766581-8.

Van Heerden, P.D., R. De Beer, M., Mellet, D.J. Maphike and H. Sand Foit.
W. (2007). Growth media effects on shoot physiology, nobule
numbers and symbiotic nitrogen fixation in soybean. South African
Journal of Botany, 73: 600 — 605.

A gl g plal) s a9l (pa B lida Cilalle andl
ey Gl ae (A8 ey il bl ga
(O] A ) e — sk A draly — o glal) Al — i) aud

o Ao iy (8 o g ) 1 YL 3oL JLARY Gl (L) a8
iy G Al o la e (e psms N J3e a3 Sl ekl Jadil) andl
anall Laa Calall UL (e a5 (o8 all (55 e 3508l Led 83 ) siune YD
O saall (8 Galing (el ge 8 Glld 5 AS1 A Al 5 (5 Hlaa)

Coladll 88 By giasall YL 5 Halie 36 LeS Alaal) YL Caa i gf 24
cclialall dlelal) iy bl LlainlS el 5 ol 3l @llia IS 4taa)

Al diall (5 juadll ¢ senall Caladl g & Ul 35l () ) s of LS
il (& el bsina OIS @il JSI 25080 sall axe 5 KU Cpn g i) (5 sine SIS
05 Lsl Slese (A QUL SIS 5 0 5 50 Il dadle sl AL 45 )laa daildll
FodE — VT G 8al 3l S ) 5 Cus s s ) 1L el

6040



