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Abstract

Field experiments were conducted at the Institute for Agricultural Research Farm,
Samaru, Zaria (1 1°] 1'N 7° 38'E 686 above sea level) during the 1999 and 2000 rainy
seasons to study the effect of four levels of nitrogen (0, 15, 30 and 45 kgN/ha) and five
levels of phosphorus (0, 10, 20, 30 and 40 kgP/ha) on the growth and Modulation of
bambara groundnut. The experiments were laid out in a Randomized complete block
design and replicated three times. The results revealed that neither N nor P had any
significant effect on vegetative growth of the crop. The application of 30kgN/ha
significantly reduced nodulation whereas 40kgP/ha significantly enhanced nodulation at
6 weeks after emergence (WAE) in the year 2000.

Keywords: Bambara  groundnut,  growth, nodulation, nitrogen  and
phosphorus.
Running Title: Bambara groundnut.

Introduction

Bambara groundnut is one of the most important sources of protein particularly in the Sudan and Semi
arid areas of Nigeria. Like any other legume, it has a Rhizobium spp in its root nodules which helps it fix its
own nitrogen. Nodulation and N-fixation are known to be influenced by physical and biological factors and
nutrient availability in the soil. Since nodulation determines the extent to which legumes fix nitrogen, the
study of the role played by nutrient elements such as nitrogen and phosphorus to growth and nodulation of the
crop is advantageous. The effect of applied N on nodulation in many legumes has been inconsistent. Kanayama
el al. (1990), Chiezey (1992) and Khan and Yoshida (1995) have reported detrimental effect of applied N on
nodulation in soyabean and groundnut. Reports by Sali and Kaya (1982) and Mangual-Crespo et al. (1987)
show that small doses of N stimulated nodulation and ~-fixation. Similarly, application of small doses of nitrogen
to bambara groundnut more especially in soils with low N status have been reported to stimulate nodulation
and N,- fixation (Dennis, 1975; Dadson and Brooks, 1989).

Nodules according to Graham and Rosa (1979) are strong sinks for nitrogen and phosphorus and
No-fixation is usually limited by phosphorus deficiency. In general, legumes have high requirement for
phosphorus for nodule development and optimum growth (Islam and Ayanaba, 1981). Phosphorus requirement
for maximum nodulation is much greater than is usually required for vegetative growth (De Mooy, et al,
1973).

The effect of applied phosphorus on nodulation in bambara groundnut in Nigeria has not been reported. .
Ssali and Koya (1983); Sankar et al (1984) and Pam (1997) have reported that the application of phosphorus
to common beans, groundnut and soya beans respectively, have consistently resulted in significant increase in
nodulation and N,-fixation.

The present investigation is therefore, to evaluate the effect of applying various levels of nitrogen and
phosphorus fertilizers on the growth and nodulation of bambara groundnut.

Materials and Methods

Field trials were conducted during the 1999 and 2000 rainy seasons at the experimental farm of the
Institute for Agricultural Research, Ahmadu Bello University, Samaru, Zaria (1 1°1 I'N, 7°38'E 686m above sea
level) in the northern Guinea savanna to investigate the effect of applying various rates of N and P fertilizers
on the growth and nodulation of bambara groundnut. The treatments consisted of four levels of N (0, 15, 30
and 45kgN/ha) and five levels (0, 10, 20, 30 and 40kgP/ha) with urea (46%) and single superphosphate
(16%P,0s) as sources of N and P respectively, The experiment was laid out in a randomized complete block
design and was replicated three times. Soil samples were taken at depths of 0-15 and 15-30cm and analyzed for
both physical and chemical properties of the soils as well as the meteorological data are presented in
appendices'- 1 and 2, respectively. Planting was done on ridges 0.75m apart and at an intra-row spacing of
20cm. Two. seeds per hole were planted at a depth of about 3cm by hand. The seedlings were later thinned to
one plant per stand. Weeds were controlled by pre-emergence application of Galex (metabromuron



metalochlor in the ratio of 1:1) at the rate of 4.5 litres/ha and 2 supplementary hoe weed ings at 4 and 8 weeks
after emergence to control later emerging weeds.

Growth Parameters

At3 and 6 weeks after emergence (WAE) three plants were randomly sampled from each plot and
partitioned into roots and shoots. The shoots were oven dried to constant weight at 70 C and weighed to
obtain the average shoot dry weight/plant. Plant height and canopy spread in 5 tagged plants were assessed
and leaf area (cm?) at flowering was determined using the disc area and weight relationship method while the leaf
area index was determined using the method described by Watson (1952).

At 3 and 6 WAE, three plants were dug out with the ball of earth and carefully washed; «
nodules were separated ffom the soil particle and roots using a fine sieve. The nodules were counted and
averaged to get the mean number of nodules/plant. Fresh nodules were sliced across using a sharp razor blade to
expose the pink cross section. The pink or red cross section indicates the presence of leg- haemoglobins,
which plays significant role in the active transport of 0, to the Rhizobium bacteria responsible for N,-fixation.
The presence or absence of the complex iron compared indicates the presence or absence of ~-fixation
respectively.

The sliced nodules were oven dried and weighed using a very sensitive balance to obtain the nodule dry
weight (mg/plant).

The data collected were subjected to statistical analysis of variance as described by Snedecor &
Cochran (1967) and differences amongst treatment means were compared "using the Duncan's multiple
ranges test (Duncan, 1955).

Results and Discussion

Plant height, canopy spread, shoot dry weight and LAI were not significantly influenced by the application
of either N or P fertilizers (Tables 1 and 2). The effect of N on number of nodules/plant was significant at
3 WAE in 1999 and when the data were combined and at 6 WAE and the combined in 2000 (Table 3). At 3
WAE, application of 15kgN/ha produced significantly higher number of nodules than application of 30kgN/ha.
However, the number of nodules resulting from the application of 0, 15 and 45kgN/ha were similar. At 6 WAE
in the year 2000 and the combined, the application of 45kgN/ha resulted in a significant reduction in the number
of nodules/plant produced compared to when no N was applied. Vegetative growth of bambara groundnut in
term of plant height, canopy spread and shoot dry weight was not significantly influenced by applying N.
This suggests that the symbiotically fixed nitrogen may have been adequate in meeting the crops®
requirement for growth. Thus the N applied may have been used for unproductive consumption. Number of
nodules, percentage effective nodule and nodule dry weight per plant were significantly reduced by the
application of N. The reduction may be as a result of the presence of adequate nitrogen in the root medium
which inhibited nodulation as reported by Mangual-Crespo et cil (1987); Kanayaa et a! (1990) and Khan and
Yoshuda (1995) on phaseolus beans, soyabeans and groundnut respectively.

Number of nodules/plant was significantly influenced by P application at 6 WAE in the year 2000 and
when the data were averaged over both .years (Table 3). Application of 40kgP/ha in the year 2000, resulted in a
significantly higher number of nodules/plant than when 0 to 20kgP/ha was applied but was at par with the
30kgP/ha. The data when combined over both years indicated that application of 30 and 40kgP/ha resulted in
similar number of nodules/plant but more than when 0 to 20kgP/ha was applied. The data when averaged over
both years indicate that application of 30 and 40kgP/ha resulted in similar no. of nodules/plant but significantly
higher than when either 0 or 20kgP/ha was applied at 6 WAE (Table 4). The application of phosphorus
increased the number of nodules and nodule dry weight per plant. This result was in agreement with similar
results reported by Ssalia Key a (1983), Sankar e! al (1984) and Pan (1997) on phaseolus beans, soyabeans and
groundnut respectively. Similar observations were reported on phaseolus beans, soyabeans and groundnut by
Kanayama et «/(1990), Chiezey (1992) and Khan and Yoshida (1995) respectively.

Conclusion
From this study, it can be concluded that the application of 30kgN/ha and above should be
de-emphasized while application of | 0-30kgP/ha significantly enhanced nodulation
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Table 1: Plant Height (cm), Canopy Spread (cm) and Total Dry Matter at 9 WAE (Full Bloom

Period) as Influenced by N and P Fertilizers
Plant height (cm Canopy spread (cm) Total dry matter

Treatment 1999 | 2000 |combined 1999 (2000 |combined 1999 | 2000 combined




Nitrogen (Kg/ha 30 228 206 |21.7 493 (440 |466 676 490 583

0 235(45 229 206 |21.7 478 (432 [455 65.0 |51-0 58.0

15 22.4{SE+ 042 042 030 114 092 [0.73 367 |3.37 3.49
Signiliciufee NS NS NS NS NS NS NS NS NS

B Phosphoras (kg/ha)y ;

0 2280 | 205|213 488 | 454 | 47.1 662 | 48.8 i 375
10 P2 AN 22 489 | 429 | 459 612 | 452 532
20 228 | 201 21.5 " 50.1 44.1 47.1 66.9 | 447 358
30 . 230 | 214 222 49.8 | 43.0 | 464 62.2 32.1 . 37.2
40 23.5 || 20.3 i 219 488 | 43.8 | 463 67.3 52.8 60.1
SE+ 047 | 046 . 033 127 | 102 | 0.82 4.11 | 376 2.79
Significance NS NS NS NS NS NS NS NS NS

Table 2: Leaf Area Index (LAI) of Bambara Groundnut Are Influenced by N and P Fertilizer at 9
WAE (Full Bloom Period)




’ \ Leafa'ren index

J Treatment 1999 2000 Combined
Nitrogen (Kg/ha)

0 3.42 3.83 3.62
15 3.47 4.07 3.9
30 2.88 4.45 3.66
45 3.00 4.47 3.74

‘SE -+ 0.204 0.247 0.160
Significance NS NS NS
Phosphorus
(Kg/ha) .

0 2.95 4.35 3.65
10 | 330 4.26 3.78
20 3.14 4.08 3.61
30 3.45 4.37 395
40 3.04 3.96 3.50
SE+ 0.228 0.277 0.179
Significance i NS NS NS

Means in a column of any set of treatments followed by unlike letters are significantly
different at 5% level using DMRT.

Where: NS = Not significant.

Table 3: Number of Nodules and Percentage Effective iNodulcs/Plant as Influenced By N and P
Fertilizers'at Samaru

No. of nodules/plant
Treatm at3 WAE at 6 WAE (50% | Conibin | at 3 WAE at 6 WAE (50% | Combined
ent flowering) ed flowering}
Nitrogen (Kg/ha)
0 70.9ab 434 57.2ab 58.2 52.Sa 55.5a 79.1 96.2 87.7 725 93.9a 84.7
15 84.2a 45.0 64.6a 60.1 40.4ab 50.3ab 79.2 956 - |874 76.3 91,3a 83,8
30 62. 1h 40,5 5131) 47.3 . |45.4ah 46.'3;ib 781 91.6 849 79.6 87.0b 813
45 7l.gab ]40.2 56.Dab 478 32.4b 40. 1b 815 86.8 84.1 77.0 84.3b 0.7
SE+ 6.46 3.90 3.77 5.78 4.36 3.62 213 1.29 125 242 113 133
Sign. * NS NS * * NS * NS NS * NS




Phosphorus

0 76.8 40.2 58.5 57.2 26.8c 42.0b 76.9 90.5 83.7 735 87.8 80.7
10 61.4 38.6 [50.0 49.8 35.1bc 42.6b 795 93.7 86.6 (782 88.3 83.2
20 703 39.7 55.0 433 40.4bc 41.9b 81.3 945 87.9 734 914 83v
30 71.0 488 59.9 59.1 49.6ab 54.4a 795 93.0 86.2 78.1 89.9 84.0
40 8L7 441 62.9 57.3 61. 8a 59.6a 80.1 91.2 85.7 822 88.3 85.2
SE+ 7.28 436 (4.22 6.46 487 4.05 238 144 1.39 2.70 126 149
Sign. NS NS NS NS * - NS NS NS NS .|NS NS

Means in a column of any set of treatments followed by unlike letters are significantly

different at 5% level using DMRT.

NS = not significant, * = Significant. T

Table 4: Nodule Dry Weight (Mg/Plant) of Bambara Groundnut Are Influenced by N and P

Fertilizersat.Sam am

Nodule dry '.\_'_cigﬁl (IVig/plant)

] 3 WAE 1 6 WAE '"—"
“Treatment 1699 __ [ 2000 i Combined 1699 ‘ 2000 | Combined
Nitrogen {l{é/lm} B o7 I | ol

TR 20.7a [ 143 27.8 31.7a 7;"8'7“_"'
15 W 1 16.5 27.1 [ 28.9ab 28.0ab
\70_”_"4 14.0b ; 12.6 1269 25.1ab 26.0ab

45 15.2b 176 773 [22.2b 24.8b
b s _. |
PL: I 1.63 | 1.76 119 0.6 2.37 1.22

Sign ] I NS NS | NS S *
Phosphorus (kg/ha) l _J[_______._ geest W
10 | 18.0b 139 E 16.0b 795 | 32.3a i29.9

20 19.3ab 4.1 1676 27.4 26.5ab 127.0

30 \ 24 6a 7. 20.8a A 24 3ab 259

40 179.2ab 17.8 18.5ab 272 30.8a 29.0
[SEx . [1.82 1.94 HTF—‘ 0.68 2.65 1.37
{ Sign. i _ NS I i ?NS R —! ¥
[ o LS | :

Means in a column of any set of treatments followed by unlike letters are significantly



different at 5% significant level usine DMRT.

Appendix 1: Physical and Chemical Properties of the Soil at the Sites of Experiments at Samaru
TR Depth of Soil (cm)

| . et . ; 3
| Soil Physical Properties | 0-15 15-30 0-15 JIS-SG ’
_ | .
] 1999 2000

Particle size distribution (%) II

— [187  [280 16.0 42.0 ‘
Silt 44.7 40.7 41.3 29.0
Sand 36.6 313 42.7 28.7
Textural class Loam Loam Loam Loam
Chemical properties of soil
pH in water 1:2.5 4.8 4.7 5.3 5.1
pH in Cacl, 4.4 4.4 4.7 4.7
Organic carbon (%) 0.42 0.29 0.32 0.22
Available P (ppm) 8.06 5.06 161 134
Total N (%) 0.073 0.067 0.043 0.046
Exchangeable bases (mcg/I00gm soif)
Ca 0.58 100 2.76 4.63
Mg 0.32 0.53 0.74 163
K 0.23 0.23 0.31 0.49
Na 0.22 0.28 0.25 0.35
CEC 6.2 6.8 7.2 109
Exchangeable acidity (meg/IOOgin
soil)
H + Al 0.14 0.20 0.13 0.33
Appendix 2: Rainfall Distribution at JO - Day Intervals at Samaru, Northern Guinea Savanna
7nne of Nipcria Duritii' the 1999 And 2000 Wet Seasons

Rainfall (mm)

Months Days 1999 2000




May MO 0.0 1.2
11-20 0.0 116
21-31 0.0 148.0
June MO 60.6 82.8
11-20 80.1 65.4
21-30 84.0 45.2
July 1-10 1001 931
11-20 108.4 62.4
21-30 77.0 65.6
August 1-10 394 63.9
11-20- 69.8 105.7
21-31 50.6 75.6
September MO 96.0 33.0
11-20 129 124.4
21-30 97.3 244
October MO 339 78.0
11-20 4.5 0.2
21-31 0.0 0.0







