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Abstract

In a greenhouse study at the Institute of Agricultural Research and Training (IAR&T),
Ibadan, Nigeria, isotope dilution method was used to evaluate the effect of varying inoculum
sizes with and without phosphorus (P) application on nodulation and N, fixation of cowpea
(Vigna unquiculata (L.) Walp) cv. Ife Brown. Different inoculum sizes (concentrations) were
formulated by severally diluting a re-suspended (2.4 x 10° cells/ml) solution of Bradyrhizobium
spp strain IR, 27 and mixing with known (1.5kg) weight of soil; phosphorus was applied to
the appropriate pots. The control pots were neither treated with Bradyrmizobium spp nor P.
Seeds of Ife Brown and a maize reference crop were sown after treatment application.

Significant (P<.0.05) interaction effects of inoculum size and P applicatior. were obtained
on nodulation, dry matter yield, percentage nitrogen derived from atmosphere (% Ndfa),
nitrogen yield, amount of nitrogen fixed separately but in varying degrees. The inoculum
size of 3.2 x 10° cells/g soil plus P appeared to be most beneficial in terms of cowpea N,
fixation (proportiion and amount) but on-nodule number and dry matter yleld varlables
10* ‘cells/g soil plus P was found appropriate.

~ Therefore, in order to ensure high inoculatioin success, a range between the two
inoculum sizes plus P application (20 ppm) is suggested. Phosphorus application caused
significant variable increases in % Ndfa, amount of N fixed and N yield only when inoculum
-gize higher than 10° cells/g soil was used, depicting that it was feasible to improve inoculation
success through increasing inoculum concentration. '

INTRODUCTION

Apart from the effectiveness of a Rhizobium strain and its compatibility with a host
legume, the method of its application on the legume seed and edaphic factors, the strain
poputation used is another potent factor influencing inoculation success. According to Witliam
(1983) and Mulongoy and Ayanaba (1986), competition for nodulation by inoculant strains
can be enhanced through inoculation of the soil with high rhizobial populations and repeated
inoculum application (Benbrahim et al., 1992). Roughley (1982) indicated that the effects
of adverse environmental conditions can be ameliorated through the use of high rhizobial
poputations. Effect of low pH in an acid soil was ameliorated though the use of a high
pooutation of Rhizobium in such a soil (Robson and Loneragan, 1970).
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- Amarger (1981) found that when two:or more rhizobia were competing for infectibie
sites in a rhizosphere, most of the nodules found will be due to the most populous strain._
The findings of Brockwell et al., (1988) showed that the degree of nodulation by inoculant
gtrian is dependent on the size of resident Rhizobium population.

There is, however, no agreement among scientists as regards the optimum inocutant
size that may most enhance competitiveness, persistence and overall inoculation success.
However, Roughley (1980) indicated that with spare indigenous soil rhizobia, 100 inoculant
rhizobia per seed might ensure that most nodules are formed by the inoculant strain. Date
(1988), however, suggested 100,000 rhizobial cells per seed as being adequate with high
soil-indigenous rhizobia. in a NifTAL and FAO Bulletin (1984), a range of 1,000 - 10,000

' thizobia per seed was recommended, depending on seed size. On the other hand, Brockwell

(1981) showed that while a population of 1000 resident rhizobia per gram of soil reduced
the chances of successful legume inoculation to a low level, in contrast, 50 resident rhizobia
of sofl was found to eliminate inoculation response (Thies et al., 1991). The workers showed
a positive correlation between the number of indigenous rhizobia and the competitive ability
of inoculated strains.

A conducive soil environment is a must for inoculation success. Thus, amelioration of a
poor edaphic condition should be carried out. Application of fertilizer to improve soil nutrient
status is one way of removing potent barriers capable of impairing success of inoculation
(Vincent, 1980). Adequate supply of certain nutrient elements especially starter N and P
are known to facilitate legume symbiotic N2 fixation (Sprent, 1978; Abbot et a., 1979).
Pho3phorus has been identified as the most critical element for nodulated grain legume
nutrition in the tropics; (Webster and Wilson, 1980; Friesen et al., 1980). Application of P
has been found to be vital also for tree legumes (e.g. Acacia saligna) establishment
(Benbrahim et al., for cowpea nodulation and N, fixation (Mulongoy, 1985). Though required
required in a low amount (Rhode, 1981), application of P has been found to increase
cowpea growth in height and nodulation. With copious application of P, Vose and Jones
(1963) were able to reduce the depressing effects of Al-ions and Mn-ions in nodulation of
inoculated grain legumes, leading to increases in nodule number and weight (Ssali, 1986).
As regards the rate of P application, Balasubramanian et al. (1980) stimulated increased
nodule number and weight by applying 30kgP/ha, but Rao and Mader (1975) were able to
obtrain ehanced nodule mass with 45kgP/ha. The objective of the study reported here was
to evaluate the effects of varying inoculum rates and P application on N, fixation of cowpea,
Vigna unguiculata cv. Ife Brown.

Materials And Method

A Bradyrhizobium sp. (cowpea miscellany) IRc 27 was obtained from the culture stock
of the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. A yeast extract
mannitol (YEM) broth-culture of the strain was incubated on a mechanical shaker for 7
days at 28°C, later centrifuged at 500g for 20 minutes and re-suspended in strile distilled
water to give a cell density of 2.4 x 10%/ml, as measured by dilution plate count.

Muriate of potash (60%K) and single super phosphate (18%P) were applied to all pots
at 15ppmKCl and 15ppmP, respectively.




Treatments:
Two factors were involved in this study, namely
1 Inoculum

Four (4) concentrations (inoculum sizes) and the control. The following cell
concentrations which constituted the levels of the factor (inoculum) were-obtained after
several dilution exercises on the re-suspended 2.4 x 10° cells/ml:

Inoculum concentration 0 - no inoculation.

Inoculum concetration 1 . 3.2 x 10° cells\ g soil.
Inoculum concentration 2 - 3.2x 10* cells\g sail.
Inoculum concentration 3 - 3.2 x 10° celis\g soil.
Inoculum concentration 4 - 3.2 x 1M cell\ g soil.

The indigenous  rhizobial population determined by the plant infection technique
was 2.4 x 10° cells\ g soil.

1. Phosphorus application :
The levels were 0 and 20ppmP.

Ten (10) treatment combinations were obtained; replicated four imes using RCB
design. The fixing crop was cowpea (Vigna unguiculata) cultivar Ife Brown, while maize
(Zea mays.) variety TZB -SR was used as the non - fixing reference crop. Soil inoculation,
seed sowing and N fertilization;

A composite soil sample was obtained from several cores obtained from a field which
was previously under a secondary.bush. The soil (1.5kg per pot) were inoculated (mixed
thoroughly) with the appropriate inoculum goncentrations (levels) and P. The application of
the treatments were made according to the treatment labels on the pots. Seeds (4/pot) of
the fixing and non-fixing crops were sown in pots as appropriate. The seedlings were later
thinned to two per pot two weeks after planting (WAP), followed by application of N fertilizer
(10ppmN as labelled sulphate of ammonia 10% atom excess 15, in solution (25ml/pot) to
the two crops. The physical, chemical and biological properties of the soil used are contained
in Table 1.

Harvesting was done 42 days after planting ¢dap) for determination of nodule number
and dry matter (80°C for 48h) yield (DMY). The nitrogen content of the plant was determined
by Kjedahl digestion method (Eastin, 1978) and the atom % 15, excess by emission
spectrometry (Fiedler and Proksh, 1875). The amount of nitrogen fixed was calculated
using 15, isotope dilution equation of Fried and Middelboe (1977). Statistical analysis was
by ANOVA and treatment comparisons were made using the least significant difference
(LSD) method (Steel and Torrie, 1960).
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Table 1. | |
Physical, Chemical and Biological Properties of the Soil Used

‘Propertiaes | Values

pH(1:) SoilH,0 ratio : 6.80

Organic Carbon (%) 0.75

Total N (%) 0.09

Sand (%) 80.00

Sitt (%) 13.0¢

Clay (%) ’ 7.00

Exchangeable bases (Meg/100g):

Ca 2.35

Mg 1.57

K 0.19

CEC 4.49

Available P (ppm) 4.54 (Bray 1)

Resident Rhizobium population 2.4 x 10° cells/g sail
(Plant infection technique).

RESULTS AND DISCUSSION

Nodulation:

"Results of nodulation in response to inoculum concentration and applied P are presented
in Table 2. Irrespective of whether P was applied or not, increasing inoculum rate resulted
in greater nodulation of the crop showing that rhizobial population is a potent factor that
could influence inoculation success. However, application of P (20 ppm) promoted higher

nodulation in general. In a similar experiment, Wagner et al, (1978) and Balasubramanian

et al., (1980) reported increase in nodulation with application of 15 ppmP and 17 ppmP

" respectively. Though, the rate was not specified, Ssali (1986) obtained increased nodulation

of grain'legume with inoculation. A comparable degree of nodulation was observed between

- using a lower inoculum rate of 10* cells/g with P. and when a higher rate of 10° cells/g soil

~was used without P. Application of P therefore appeared to have resulted in inoculum use

economy. In this experiment, reliance only on indigenous rhizobial population (2.4 x 10°

 cells/g soil) for nodulation resufted in a lower number of nodules/plant than when inoculation.

was done suggesting that inoculation is vital when native rhizobial population is low. In an

- earlier study by Daramola (1989), inoculation was found to promote crown and total nodule
* numbers, respectively, in a soil containing about 2000 rhizobia per g soil. However, Brockwell

(1981) observed reduced legume inoculation success with as low as 1000 resident.
rhizobia per gram soil. '




Table 2

Cowpea Nodulation Response to Application of Varying Inoculum (rhizobial)
Populations with and without P

Module Number perplant

Inoculum Size oP 20ppmP Inoculum size (mean)

0 2.83 6.33¢ 4.58°
32x10° 6.00¢ 8.00% 7.00°
3.2x 10¢ 8.33® 8.67° 8.5
3.2x 10° 6.67® 6.33° 6.50%
3.2x 10¢ 8.50° 13.66° 11.08°
P application

(mean) 6.47° 8.60°
Lsd (0.05) %CV

Applied P = 1.99 = 35
Inoculum size = 2.29 = .26
Interaction = 2.00 = 16

Means followed by same letter (row and column) are not significantly different.

The contrast could be explained by differeritials in soil properties other than biological
nature of the soil.

Dry Matter Yield (DMY):

Application of P (20 ppm) stimulated dry matter yield (shoot) of plants whether or not the
soil was inoculated (Table 3). Considered across inoculum rates used in this experiment,
P application (20 ppm) gave significantly (P<0.05) higher DMY. A significantly higher
cowpea DMY (P < 0.05) was obtained with 15 ppm by Daramola (1989) compared fo the
OP treatment. In his work, Rhode (1981) obtained enhanced growth in cowpea with a small
(though not specified) amount of P applicatioin. Generally, increasing inoculum dose with
and without P application led to increases in DMY. In most cases, however, with P application
(20 ppm), the percentage.increases recorded with each successive increase in inoculum
size over the no - inoculum were more substantial. For instance, compared to the no -
inoculum treatment, 14% and 2% increases in DMY with P (20 ppm) and without P,
respectively were obtained for the same 10° cells/g soil inoculum dose. The increase was
found 10 be significant at 5% level. Though, inoculation status was not stated, Sharma et at
(1974) reported increases in DMY of cowpea with 13 ppm P. Across the inoculum sizes in
this study, we obtained a 22% DMY increase due to P use (Table 3).
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TABLE 3

Cowpea Shoot Dry Matter Yield Response to Application of Varying Inoculum'
(rhizobial) Population with and without P

Inoculum size

Inoculum size oP 20ppmP (mean)

0 0.82¢ 1.00* 0.91°
3.2x 10° 0.86%>1¢ 1.02b¢ 0.91°
3.2x 10 0.88 1.10° 1.02:
32x 10° 0.84< 1.14% 0.99°
3.2x1¢¢ 1.06" 1.30° 1.18°
P application

(mean) 0.92° 112
Lsd (0.05) %CV

Applied P = 0.86 1.1
Inoculum size = 0.18 15.0
Interaction = 0.17 9.5

Means followed by same letter (row and column) are not significantly different.

With inoculum rate of 10 cells/g soil plus P, DMY was about 25% greater than when P
was not applied (Table 3). Also, following P application, plant DMY for 10¢ cells/g soil
inoculum rate was significantly greater (P-< 0.05) than 10° cells/g soil without P. A similar
comiparison showed that statistically same amounts of dry matter were recorded for 10
cells/g soil plus P was significantly (P < 0.05) different compared to either 10° or 10 cells/
g soil with P. Thus with P, 10* cells/g plus soil could be regarded as an optimum rate for
DMY in this study in which the soil used contained a low {2400 cells/g soil) indigenous
rhizobial population. Although the rate of application of inoculum was not stated, Roughley
(1980) obtained enhanced DMY in a legume when the resident rhizobial population was
low

Results obtained in this study also showed that P application was capable of promoting
enhanced dry matter accumulation with a much lower inoculum dose than when P was not
applied. Earlier workers found that in the tropics, P was a critical element in leqgume nutrition
{+Vebster and Wilson, 1980) and in growth, nodulation and N, fixation (Friesen et al., 1980;
Mutongoy, 1985). N, Derived from Atmosphere:

Phosphorus application to the soil, whether inoculated or not, enhanced the capacity of
the plant to fix higher %N, from the atmosphere (Table 4). With and without P application.




TABLE 4

Proportion of N derived from Atmosphere (%Ndfa) by Cowpea Treated with
Varying Inoculum Strain Populations and Two P Levels.

Inoculum size opP 20ppmP  Inoculum‘size (mean)

0 45.30¢! 48.52¢ 44 .90¢
3.2x10° 44,86 48.02¢ 46.44¢
32x10 52.78d 58.76% 55.77°
3.2x10° 57.12° 62.39° 59.76°
3.2x 10° 60.88® 62.72° 6i.80°
P application

(mean) 52.19 56.08°
Lsd (0.050 %CV

Applied P NS 13.0
Inoculum size 3.42 5.3
Interaction 3.32 4.0

Means followed by the same letter (row and column) are not significantly different.

Increasing greater %N2 was derived from the atmosphere beyond 10° cells/g soil
inoculum dose; the increases being more marked with P application. These results indicate
that legume could be induced to derive greater N2 from the atmosphere by inoculating the
soil with superior rhizobial especially when combined with P application.

Irrespective of P application, %Ndfa by plants was similar with inoculum doses of 105 to
10° cells/g soil. However, either of the two doses gave significantly higher %Ndfa compared
fo an inoculum dose of 10* cells/g soil. Therefare, for economic expediency the inoculum
dose of 10° cells/g soil with or without P obviously recommends itself because beyond this .
dose, no significant proportion of N, was fixed from the atmosphere. Results of this trial
show that with P, significantly (P < 0.05) greater proportion of N, was derived from th~
atmosphere by the legume which received 10° cells/g soil (Table 5) than without P application.
For-example, with and without P, inoculum sizes of 10¢, 10° and 10° cells/g soil separately
resulted in significantly higher amount of N-fixation compared to 10° cells/g soil. However,
compared to O P application, applying 20 ppm P resulted in significantly higher mount of
fixation for either 10* or 10° inoculum dose (Table 5). Inoculum dose beyond 105 cells/g soil
led to a decrease in the amount of N fixed with and without P, the decline becoming
sighificant when inoculation dose of 10¢ cell/g soil was applied along with P. This finding
presents a further proof that P application can promote inoculum econiomy.
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TABLE 5§

Amount of M, Fixed in Cowpea Inoculated with varying Inoculum strairi
Populations and two P Levels.

Inoculum Incoulum size
size opP 20ppmP (mean)
0 13.81¢ 15.84¢ 14.82¢
32x10° 13.7¢ 15.68¢ 14.73¢
3.2x 10 21.47° 26.45° 23.66b
32x10° 25.72° 29.22¢ 27.47¢
32x10° 25.38° 26.78° 26.08%
P application
(mean) 20.03¢ 22,79

Lsd (0.05) %G\’
Applied P = NS 28.0
Inoculum size = 2.47 10.0
interaction = 2.35 6.4

Means followed by same letter (row and column) are not significantly different.

Considered either as inoculum x P interaction effect or inoculum effect alone, the dose
of inpculum 10° celis/g soil gave the greatest amount of N, fixed compared to any of the
other doses used. The amount of N, fixation under 10* cells/g soil with P was even found to
be greater (by 3 and 4% respectively) than the amount fixed under either 10® or 10%cells/g
soil without P. This underscores the synergistic role of applying P to inoculated legume
(Table 5). The synergistic effect of inoculation and P application even became significant at
as low 10* cells/g soil in the soil used for this study which contained-2400 rhizobia/g soil.
Thus, our data, like that of Mulongoy (1985), showed the importance of P in N, fixation of a
grain legume such as cowpea. It has also been stressed by Sprent (1978) and Abbot et al.,
(1979) that besides starter N, P application is crucial to symbiotic N, fixation.

Nitrogen Yield:

Increases in N yields were obtained due to increases in inoculum size with and without
P application (Table 6). Increases in plant N yield were also obtained with inoculation by
Abbot et al., (1979). The increasesin N yield became significant (P < 0.05) starting with 10*
cells/g soil with and without P.




TABLE 6
N Yield of Cowpea Inoculated with Varying Inoculum Strain Populations and two

P Levels {mg/plant)
Inoculum Inoculum size
Size oP 20ppmP mean
0 30.50¢ 32.67¢ 31.67¢
32x10° 30.67¢ 32.67¢ 31.58°
32x 10 40.67° 45.00° 42.83°
32x10° 44.33° 46.832 45.58¢
32x10° 41.67° 42.67° 4217
P application
(mean) 37.57¢ 39.972

Lsd (0.05) %V
Applied P = NS 16.4
Inoculum size = 250 54
Interaction = 288 44

Means followed by same letter (row and column) are not significantly different.

Irespective of P application, N yield was greatest when inoculum size used was 10°
cells/g soil. Increasng inoculum dose from 10° to 10° cells/g soil led to significant (P < 0.05)
losses in N yield under the two P regimes (Table 6) . Application of P to the legume with 10
cells/g soil gave as much N as when compared to 105 cells/g soil dose without P (Table 6).
These findings show that through P application, greater N yield is possible with lower
inocuilum dose.

However, with applied P, N yield of the plant were similar for 10* and 10° cells/g soil,
respectively, suggesting that an optimum dose lies between 10* and 10° cells/g soil for N
yield. Assessed across inoculum doses application of P resulted in about 15% increase
over the O P treatment, showing the importance of P for increased N yield of cowpea. The
need for P by nodulated legume has been emphasized by Kang and Nangju (1983). Also,
considered across P application 10°cells/g soil gave significant higher N yield compared to
the other inoculum doses. Employing a higher dose of 108 cells/g soil led to 8% reduction in
N yield which was found to be significant (Table 6).

CONCLUSION

Inoculating the soil with the lowest inoculum dose (10° cells/g soil) in this experiment
with or without P application gave virtually same values for the N variables obtained from
the uninoculated plants (Tables 4, 5 and 6). However, increasing the dosage to 10*cells/g
soil led to significant increase in these variables, These results underscore the imporance
of employing high inoculum populatiion in order to obtain positive results from inoculating
soil containing indigenous rhizobia. Compared to O P application, applying 20 ppm P to a
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sod inoculated separately with 10* arid*10° cells/g soil resulted in significant enhancements
inboth percent and amount of N, fixed by the plant from the atmosphere. Nodule number of
plants with 108 cellis/g soil was lower relative to when 10 cells/g soil dose was used, even
though both the percent and amount of N, fixed were significantly higher for the former
dosage. These findings show that nodule number is not a good index of legume ability to fix
nirooen. Thus, for these variables, the best inoculum size x P interaction proved to be 3.2
x 10 cells/g soil Plus P. For every inoculum dose used, P application promated higher
DMY compared to when P was not applied. Considering all the variables assessec as
indices of inoculation success; a range of incoulation size 10 to 10fcells/g soil, particularly
with P application, is recommended.

The findings in this trial indicate that with and without P application, there is a threshhold
rhizobial population below which a legume - Rhizobium symbiosis would not be fully
expressed. The indigenous population in the soil used appeared to have fallen below this
threshhold, hence the responses obtained to inoculation. Phosphorus application promoted
inoculation success in terms of N2 fixation and N yield at a lower inoculum dose compared
to when no P was applied.

References

Amarger, N. (1981). “Nodulation competiveness among Rhizobium strains: A quantitative
study”. In: Current perspective in Nitrogen fixation. A. H. Gibson and W. E. Newton
(eds). Elsever/North-Holl and Biomedical press. Amsterdam, Netherlands p. 431.

Abbot, L. K. Robson, A. D. and Parker, C. A. (1979) *Double symbiosis in Legume”. In: Role
of Mycorrhizae, 176 - 181. Microbiology and Plant Nutntion. W. J. Broughton, C. K. John,
J. C. Regarao and Lin Beda (eds). Penerbit University, Malaya.

Balasubramanian, V;, Singh, L. and Nnadi, L. A. (1980). “Effect of long-term of fertilizer
freatment on groundnut yield, nodulation and nutrient uptake at Samaru, Nigeria®. Plant
and Soil 55: 171 - 180.

Benbrahim, K. F., Ismaili, M. and Salema, M. P. (1992). Biological Nitrogen Fixation of
Acacia Saligna (LABILL H. WENDL) by concentrated inoculant, repeated inoculation
and phosphorous addition. Report presented at the 3rd Research Workshop of Regional
African Project on Biological N2 fixation Meknes, Morocco.

Brockwell, J. (1981). “A strategy for legume nedulation research in developing regions of
the old World”. Plant and soil 58: 367 - 382.

Brocxwell, J., Herridge, D. F., Morthorphe, L. J., and Roughley, M. J. 1988 “Numerical
effects of Rhizobium Population on Legume Symbiosis”. In: Nitrogen Fixation by Legumes
in Mediterranean Agriculture. D. P. Beck and L. A. Materon (Eds) ICARDA.

Daramola, D. S. (1989). Influence of Rhizobium carrier and phosphorus fertilization on.
nitrogen fixation in Vigna unquiculata cv. Ife Brown. unpublished Ph.D. thesis sumbitted
to the Department of Soil Science, Obafemi Awolowo Univeristy, lle-lfe. pp. 139-146.

Date, R.-A. (1988). “Rhizobial survival in inoculated legume seeds”. Sth International

- Congress of Soil Science, Vol. Il: 75-82.

Eastin, E. R. (1978). *Total nitrogen determination for plant material”. Anal. Biochem. 85;

591 - 594,
ﬁE




Fiedler, R. and Proksch, G. (1975). “The determination of nitrogen-15 by emission and
mass spectrometry in biochemical analysis: A review”. Anal Chem. Acta. 78: 1- 62,

Fried, M. and Middelboe, V. (1977). "Measurement of amount of nitrogen fixed by a legume
crop”. Plant and Soil 47: 713.

Friesen, D. K.. Juo, A. S. R. and Miller, M. H. (1980). “Miming and Lime - P - Zn interaction
in two-Nigeria Ultisol. 1. Interaction in the soil”. Soil Science Society of America Journal
45: 1221 - 1226.

Kang, B. T. and Nangju, D. (1983). *Phosphate response to cowpea Vigna unquiculata (L.
Walp)". Tropical Grain L equme Bulletin 27: 11 - 15.

Mulongoy, K. (1985). “Nitrogen fixing symbiosis in tropical ecosystem”. In: Cowpea research,
production and utilization. S. R. Singh and K. O. Rachie (eds). [ITA Publication, Ibadan,
Nigeria, pp. 309 - 316.

Mulongoy, K. and Ayanaba, A. (1986). “Dynamics of the population sizes of cowpea and
soyabean rhizobia at three locations in West Africa”. Mircen Journal 2: 301 - 308,

NiTAL and FAO Bulletin (1984). Legume inoculant and their use - a Manual. FAO Rome:
46 - 48,

Robson, A. D. and Loneragan, J. P. (1970). “Nodulation and growth ¢ medicago truncata
in acid soils: Effects of CO2 and inoculum level”. Australian Journal of Agricultural
Research 21: 427 - 434,

Roughley, R. J. (1980). "Quality control of legume inoculants”. In: Current Perspective in
Nitrogen Fixation. A. H. Gibson and W. E. Newton (eds). Elsevier/North Holland.
Biomedical Press, Amsterdam, Nethelands, p. 340.

Roughley, R. J. (1982). “The storage quality control and use of legume seed inoculants”, In

- Biological Nitrogen Fixation Technology for Tropical Agriculture, J. P. Graham and S. E.
Harris (eds). CIAT, Gali, Columbia, pp. 115 - 126.
Rhode, E. R. (1981). “Economics of fertilizing cowpea (Vigna unguiculata) with basic slag
. on an oxisols in Njala and the effect of the fertilizer on leaf lamina N, P, and Zn contents
and nodulation”. Tropical Grain Legume Bulletin 22: 6-10.
Rao, M. R. and Mader, E. C. (1975). *Nodulation pattern in soybean as affected by rate of
- Nand P.” Indian J. of Agron. 20: 67-68.

Steel, G. D. and Torrie, J. H. (1960). Principles and Procedures of Statistics, McGraw-Hill
Book-Company in C., N. Y, 481 pp.

Sharma, C. D., Shukia, V., Subramanian, T. R. and Srimivesa Marthy, H. K. (1974). *Effect
of phosphate fertilization on growth and P uptake in cowpea for green manure”. Indian
J. of Hort. 31: 82 - 85

Seali, H. (1986). “Inoculant Trials on Farmers’ Field”. In: Mircen Newsletter, 9: 2 - 4.

Sprent, J. J. (1978). Nitrogen fixation and agricutture: The biology of hitrogen fixing
organisms. MacGraw-Hill Book Company, Inc., N.Y, 196 p.

Thies, J. E., Singlaton, P. W. and Ben Bohlool, B. {1991). “Influence of the size of indigenous
Rhizobial populations on establishment and symbiotic performance of introduced-Rhizobia
on field-grown-legumes”. Appl. Environ. Microbiol. 57: 19-28. :

{3]



(}'

Vose, P. B. and Jones, D. G. (1963). “The interaction of manganese and calcium on °
nodulation and growth in varieties of Trifolium ripens”. Plant and Soil 18: 372-382.

Vincent, J. M. (1980)."“Inoculant production and use”. In: Current perspectives in nitrogen
fixation. A. H. Gibson anc W. E. Newton (eds). Elsevier/North Holand, Biomedical Press,
N.Y. Amsterdam, Netherlands, p. 338.

Wagner, G. H., Kassim, G. M. and Martynink, S. (1978). “Nodulation of annual Medicago by _
strains-of Rhizobium melilotiin a commercial inoculant as influenced by soil phosphorus
and pH”. Plant and Soil 50: 81-89.

Webster, C. C. and Wilson, P. N. (1980). Agriculture in the tropics. 2nd ed. Longmans,
London and New York: 640pp.

William, P. M. (1983). “Current use of Legume Inoculant Technology”. In: Biological Nitrogen
Fixation Ecology, Technology and Physiology-M. Alexander (ed), Plenum Press. N. Y.
and London, pp. 173 - 200.

{35]






