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The nodulation and N Gxation-in 3 wild legumes was investigated under greenhouse conditions be-
tween the 6th and 18th week after planting. In Cassin rotundifolin Prrs. the mean nodule number
ranged between & and 12 (module dry weight 2 to 294 mg), in Vigna micrantha Hanms hefween
3 and 56 (nodule dry weight 12 to 153 mg) and in_ {'ephrosic cardida Do between 12 and 71 (nodule a0
dry weight 7 to 150 mg). The legumes exhibited sifnificant differences in nodule morphalogy. In all
3 legumes there were significant’ correlations (r = 0.83 tor 0.93) between nodule weight and root
weight. A significant corvelation (r == 0.94 and 0.77) was folnd between the nodule weight and N
content in the shoot only for Cassia and Teplrosia. N concentrations in the legumes and N uptake
diltered among the legumes. The N gaing by the soil decreased with inereasing age ol the Leial plants.

&

1. Introduction

Tropical legunies have been reported to occur in large numbers (JKEAY et al., 1964)
but their role in biological nutrient cyeling between the components of the ecosysten
hasg not been fully exploited within the tropies. . e
Legume shrubs as cover crops during fallow have been réported to increase the soil : 4
Jevel of nitrogen (GeruiN-Jongs, 1942; ORCHARD and Darpy, 1956; Witson et al., il
1982). -Okiaro (1977) summarized the role of legumes in maintaining soil fertility. = ..
Mowxer and Huxrey (1979) stressed the importance of legume trees and shrubs e
maintaining soil fertility since they offer low cost alternatives in developing countries.
The role and potential of legumes in alley cropping ,-_.]'i_ve mulching, and rotat on systel‘fﬂﬂ-»_
in humid and sub-humid tropical Africa have been generally highlighted by MuroNaoy -
and KAnc (1986). Also the usefulbess of tropical treé and shrub legumes 1 pasture im- & &
provement and management has been widely studied (Moorz, 1962; Mortsox, 1971; v
SHANKER cb al., 1976; Russo, 1986; CrarworTHY et al., 1986). :
The aim of this study was to observe and compare nodulation and nitrogen fixation
through Rhizobiam root nodule symbiosis ‘ithout inoeulation in three wifd legumes,
namely Vigne micrantha Harms, Cassia rolwidifolic Pris., and Tephrosia candidn D,
collected from some parts of the aerived savannah of Nigerin. A knowledge of their po-
tentials for nitrogen fixation and 41 ¢ possible use of these potentials in improving agri-
eultural and pasture lands arve the key considerations, :




2. Material and methods ' Y .
A surfiee soil sample was oblaired from aseetion of the taivirsity of Nigesia, Nsuldo, furm centre.

2.0 Rowline soil el igsis

Mechanical an: ||)H|s was done using the Bouyoucos (1951) hycllmnetel method; the pH was deter-
mined in water and 0:1 N K€ with a sois to a solution ratio of 1 7 I using a Brenman pH-meter. The

0% arganic.carbon was deter mined by the WaLkLiy-Brack (I‘) ) method. The total nitrogen was

determined according to Lhe u-uul.u KuykLpauL method. Available P was determined using tho Bravy .

No. I methotl (Bray and Kunrts, 1H5). The field eapacity was determined using a Lti)om. tory modi-
fication of the method deseribied by Prrers (1965). Some of the properties of the soil sumple used
+ . are presented in table | : :

Table 1. Sowe propertics of the soil scomple wsed

phl Sand Rl Cliy  Tolgh Om.  Org. . Av.P K (11a0
: ' N 18 mabloer
KOGl - 1,0 _ : :
(‘”n] {“u) (“n) (Un) (”‘n) .((-lu, : J”v't"‘-i‘-/g ]Ilt’/ “H‘/
' : : : oy 100 g

0

4.1 5.1 72 G 29 0.075 h99 | 3 0.08 24.1

o2, Sf}-rfl semple realmend and ;hml L
g

4 kg of qoj‘l, air-dried and sieved through an 8 mesh RI-“.':‘, were placed in plastic pots, walu( wd o
ficld capacity, and allowed to stand for 2 days. The sec ‘s of the 3 legumes were scarified using con-
centrated H,S0, and pregerminated in petri dishes for 6 days; after which the sprouted secdlings
were carefuily trar splanted into the prepared pots, and allowed to develop in the greenhouse. Pots
were arranged, ina randomized complete block (RCB) design with 3 replications. Normal watering
of the pots to maintain the soil at field capacity was done by g«‘n! 1y sprinkling \\f.lfm on the surface
of the soil, the ‘whole pot being weighed.
The plants were thinned to 3 per pot after 2 weeks of stand ostablishment. The first harvest was done
“aftor 6 wecks of transplanting, and subscquent harvest wore “oue at three week intervals terminating
at the 18th weelk. The data obtained at each harvest were subjected te annlysis of variance (ANOVA)
pr or-:*durcas and the treatment.differences wers evaluated by bundan’s Multiple Range Test (DMRT).

3. Results and discussion

3.1, Plant morpholog iy

t

Morphologically, the three legumes possessed primary and secondary root systems but -
differed in their shoot morpho]()gv Cassia rolund . olia is a-sub-woody herb with prostraic.

branches, paired sessite and long spreeding leaﬂvth with yellow flowers. Vigna micrantha
POSKCSSes slender pubescent stems with lobulate leaflets and pale yellow. ﬂowm‘s Tepl-
rOSIQ caﬂdu?ﬂ, is & woody shrub with compound’ pinnate leaf a,]‘mngonwnt ,.
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3.2, Dry matter . yield

Table 2 shows the mean wi,.xmtmn for differences among the legumes with respect to . . =
time of harvest (age) on the roct aid shoot dry weights. The dry matter yields of Cassia
and T'ephrosia inéreased with age, but those of Vigna decreased with age from ]2 weeks
following some fungal attack on this plant n*aul‘rm-; in severe leafl loss.

A b

Table 2. Mean dry matter yiclds (g) of shoots and roots as affected by age of plant (time of harvest) &

~ Plant : Legume species . '[‘;:m_{'s of harvest (weeks)
- ]H‘-l" ,7. ¥ 3 e e e — e T SO LG
: ‘ : 6. Ky 12 15 I8
Shoots Cassia volundifolia - ORI 3.7 6.47d S.1le 10.06h
‘ Vigna micrantla r BT 3.20ef 353l J.ldel 1.566g
Tephvosine cond ida 1.36u +.0¢ 7. 0¢ 0.49h 14.24a.
Rools Cassia rotund ifolica 0. 16¢ 0.G3ed 1.O1he 1.3be 1.85h
‘ l'irpm miciantlic 0.35de  0.78¢d 1.03he .3 6Ghe 0.5l
Tephrosic canilidea 0.27d¢ 0.8 qd 1.845 2.12a, 3.dba

\1: NS 1\1lh Llw same ]{ tler for slu:u{ or ruot are not sxgmhmmlv tl:ffewni at thv g levol of
prnlm.lnhtv : :

3.3. Nodule yield
The three legumes differed in their nodule-yield (table 3). Nodules on Classia were either
irregular or obIOIW in shape, small in size (about 12.5 mm?) and darkish brown in colour,
~_ana located (,ninef' on the lateral roots. For Vigna, the nodules were cqually small in, -
size (about 6 mm?), appearing black \\nh grey stripes, oval in shape, and umvcr%aliy
distributed. along lateral roots with 3—4 clustered at the top 2 em of the primary root.
Nodules on Tephrosia we re found only on the lateral roots. The nodules were cylindrical
corraloid in H]h‘l])("\\ hen Tully de vt‘lﬂpf d with few a_pearing flat but lobed, and sizes
averaged 18 mm?2, They all appeared yellowish brown in‘colour. Mina¢-Mao ot al. (1986)
surveyed Ny-ase activities of 19 species of tree legumes and noted variations armong
them in terms of nodule numbers, location, “llclupub sizes, and colour with Tephmsm
candida nodulds located on laferal roots, of cylindrical or branched shape, and light
vellor - in colour. The nodulation pattern of Prosopis ceneraria and Prosopis juliflora .
.studu,d by Basak dnd GuyaL (1975) showed that the number of nodules per plant was- .
higher on lateral roots than on tap roots. The cotitribution of nitrogen to the soil Lhmugh
symbiosis depends on the effective nodulation of the legume: ho&.t, concerned as mani- -
fested in the number of effective nodules formed and the weight of the nodules. Cann
and TrorxnTON (1940) noted that nodule weight is an index of effectiveness partly
depending on the particular bacterial strain plant variety interaction as well as on the
volume of root materials formed. In this study, these logumes gave a significant positive
correlation (p = < 0.05) between root weight and nodule weight (Cassic v == 0.93;
Vigna r — 0.83; Teplivosia v~ 0.93). Thus in the natural environment where thedevel- -~
~opment of the roots is not restricted by the area as ohserved in the pots, root prolife-
ration and growth will encourage the formation of mqre nodules if effective strains of
rhizobia are present in the soil ,m(l the environmental u)mllilom. are suitable for both
the legume host and the Rkizobium spedies.
Field observations arc needed to determine the range of nodulation by these legumes
before valid conclusions can be drawn on their nodulation efficiency. Nodulation of
these ]egumes in the greenhouqc might have been affected by the temperature which
/I nged between 30 and 35 °C. Evidence (‘,\Mh to show that for 1mpma.i legumes, nodu-
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. ND N determmlmtmn : ‘ : ' . 3 :

Nodule Legume species - Time of harvest (weeks)
yield S = . e o A
i et g (0] i 1.2 | B5) 18
\"mbv' - Cussia robundifolia Yo 96~ 7" 101.3¢ 131.3h, 1817
of nodul('a Vigne micrantha - 10.7¢ v 53¢ ; 56.7 53.7d = B3¢
Tephrosia candide. . 127 -7 T il 59.3e ;
Nodule dvy  Cussia rolundifolia’ 1.50¢ 83.ded . | 97.97c 180.33h  293.77a ;
weights (mg) Vigna micrantha 12.97d 26.7d - MA.10be  153.47h 45.00d ;
] ’wwln'cmim candidea” 7.43d 13.3d - 103.76¢ 150.27h 140.60be
*x Means with the saune let. Im for numl:m ni nnclulvu or for nodule \wlg,ht are nol -sx;.,mhumi-!y dlllu'oni ]
ab Lhe 19 level.
lation is favoured at mnf temperature bhetween 24.°C and 30 °C, becanse temperature
has.a controling effect on the main stages in the formation and functioning of nodules
((xmcscm 1971). Kzepinma (1970) wpmh.ci that soil Lvmpt‘m’ruu' is one of the key
factors-in_the natural nodulation of unireculated l(gumox in the humid tropies.
e |
3. Nitrogen conceniralions. 1
The total ni‘rogen content of shoots, roots, n: Jdu]os ;md soil was det vrmnu-d after cach
harvest as HIH)\\ n in table 4. Nodule nitrogen concentrations varied with respect: to age
and species of the legume between. 4.76 9, and 6. 7”, Differences among lerumes con-
stitute the first Factor to be considered in nitrogen assimilation and general fixation. s
-

Other parameters include-the age of the pl.mi and soeil conditions. E*mm this study. it
is generally noted that the age of l)l.lnlw.\ s nol a I(‘”’Ilfdllll“’ faetor in the nitrogen con-
. centra Ltlou ol the nodules. : : '

e '- ' '

Table 4. Mean nilrogen concenlration. (%,) in shools ools, and nodules ws well as soil as affected 5y the

~age of plant (time of harvest )

N concen-- Legume speeies | Ti e of harvest (wvr-k,s)

. Ry QO e R e s e e O S B =t i
Mragosto) - 6 9 12 15 I8
f \hcmts Chssia rolundifolic 060 187 1.55h 1.45h Eali
' Vigma mierantha 2.76¢ - 2.04¢ T.2.56d 1.9f .72y
T'e phrosia candida 2.90b 1.87( 1.87F 1.58h- 1.22i
Roots Classio vol andifolio 1.51h I ddg. = b2 1. 45be 1.39b¢
Vigna micrantia 1.65h 1-71ab - 1.84a 1.82a 2.1a
Tephrosie candida 1.93a 1.42be 1.56b 1.9 1.71ab
Soil Classia rolundifolia 0.US%b 0.089h 0).084be (1.083be 0.078¢
Vigna micrantho - 0.096a 0.088b 0.083be 0.084he 0.080¢
: ; Tenhrosia candida 0.0%6a 0.102a 0.082be 0.084he 0.078¢
Nodules! Ceassic rolundifoli ND 6.70 32 6.16 5.32
Vigna micrantha “ND 5.60 6.4 5.6 5.80
Tephrosia candida ND 6. ';’13 - 5.60 4.76 “H5.32

% Mvnm with the same I(\H( o !m N caneentration in sh«m{ o rool or t.ml are nol, swmhmnlly dilfereng

at the 19 level. :
i ANOVA was not caleulated for N coneenlration in nn(luh 5 IJL,('dHSb the replicate values of samples .

were-bulked for determination of N ’
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In all legumes, the N concentrations in the hlIUUL}p deercased H;guih(-u.utly with age, in
. 1esponse to anincreased build-up of lignin and cellulose matorials in the plant tissue.

Root N concentrations exhibited some irregular trends. Soil N concentration changed
significantly with age for all legumes, but the differenges were not significant. Generally,
however, all the pots gained some nitrogen compared with the N level in the soil at the
start of the experiment. (table 1) although the N gained was decercasing with the age of
w Lhe plant, Presumably. the eate of plant uptake was greater than the rate of fixation
“and addition of N to the soil, The small inerenses in the soil N concentration as a result
ol cultivating these lecemes in pot culture are signific nt results and could be attributed

Jmaindy to nitrogen fixation through rhizobiovm root nedule syrmbiosis. Small inereases

i soil Nogains ranging from 0,019 0 1o 0.06 2%, were observed by Winson of al. (1982),
However, il s necessary Lo consider all aspeets of N accession processes to-ascertain
fne averall nitrogen gains in the natural environment. One area of research interest is
ihe residual effect of forage and wild legumes in our farming systems, heeause some
mu:mli[.y ol nitrosen will result from root and nodule decay (HeNzenn and VAL,
Yy, : : i

3.0, Nitvogen wplal

The nitrogen uptake (the product of nitrogen concenteations and dry matter yield of
shoots, roots, nodules and whole |:! vnt) is tabulated i table 5. The parameters tested
differed among the legumes. ' :

There were signilicant positive correlations hetween e shoot N uptake and nodule
weight for Cassia (- O.77) and Tephrosia (r — 0.98% This indicates some efficiency
in the fixation process. On the other hand. the correlation hetween the N uptake of

shoots and the nodule weight o Figna was Tow (# 0.39) due to foliage loss from the
“fungal aftack ohserved in this legume. |

£

Table 5 Menn n?imqﬂwf {0 phrixr' (g ) by the shools, roots, nodule:  and whole plant as affected by age of
plant (time of lm‘rvc.st) g

. T

PLI nt part  Legume species Time of harvest (weeks)
6 . G 12 15 18
Shoots Cassia rotundifolic 38. {r‘%nf** 70.49de 101. 2()((1 117.23¢ - 111.67ed
Vigaca micrantha . 59.3l1¢ 65.04cde 8%.%5d . 60.08¢ 26.761
T'ephrosia condaida 59.52ef T4.62de 114.63b ©  150.38b 174.37a
Roots Cassia 1‘dt'11.1ixfifrllirr bl iy s ST 10 11.28ef’ 18.92d . 24.03¢
Vaigna micranthe 5.831 13.05¢ wkBarad - 24.8%¢ 10.57ef
Tephrosia candida 5.20f 12.02¢f 28.81¢ - 52.75b 58.93a
Nodules Cassia rotundifolia ND H.56d 5.21d 11.11h 15.62a
Frgna micrandiv MY o 149 9.22he’ 8.59¢ 2.61e
5> Tephrostia candida N ' 0.8%¢ 5.81d 7:51c T.48¢d
W hole Cassin J'O'L'im‘n'r';fr)fi'u- 13.77d 27.74ed  39.24c 44.08be 50.43bc
plant Viagua micrantha 21.70¢d 26.50¢d 39.27¢ - 31.19%cd’ 15.15d
Tenhrosia candida 14.90d 2917 e 58750 70.08ab 80.26a,

4 Means with the same letter for each plant. part or for whole plant are not significantly different at
the 147, level.
N D No deternnation



4. Conclusion

Thm study has mdicn,tcd ih(* potontml% oi some legumes in the nitrogen economy of
the derived savannah. In terms of the overall conttibution of nitrogen, all the legumes
studied appear promisuig. and Tephrosia candida scems best due-to a higher foliage
yield. Thus these legumes should be considered. for use as green manures, cover crops,
and in fallow lands for nutrient recyeling. - : : :

It is hoped that more interest will be aroused for further research under different tropical
conditions. A considerable.proportion of the research should be carried out in the field
and -emphasis placed on the use of these legumes, ‘especially Pephrosia-species, in the
protection and nutrient cyeling of our agriculiural and pasture lands. -
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T. O bwia und NoNCAasin: Kodllebenbildung und: Stickstoffhindung bei-drei wildwachsenden
l,mrumln(m narten in der nicerianischen Savanne

Unter Gewitchshaushedingungen wuorden bei deei Wilds siminosenarten dice ]\'ll('ﬂluht‘ilmli\\-'i(-.l'\hm_g;
und N-Fixicrung im Zeitrawm 6. bis 18, Woche nach demi Auspfanzen der Simlinge analysiert.
Die duvchschnittliche Kndllehenanzahl lag bei Cassio rolundifolic Pers. zwischen 9 und 12 (Knoll-
chenmasse: 2 bis 294 me). bei Vigua micranth o Hagms zwischen 3 und 56 (Knollehenmasse: 12 big
153 mg) und bet Tephrosia coapdide Do aw rhrlu-n 12 und 71 (I(m")llc'hvmnnqw- 7 his 150 mg). Die
WarzelknoHehen wiesen wirtspezificche inorphologische Untersehiede anf. 85 bestand bei allen drei

Legunminosenarten cine sicnilikante Korrelation (0 .83 big 0,03) y.\\'lsc'ilt'll Knollehen- and Woarzel-
trasse. Kine signifikante Koceekitaon (¢ 094 uned 0.77) zwwischen Knollehenmasse imd N-Gehalt,

i Nprof warde nue hei Cassico and Tephrosia cemitlett. Artspezifiseche’ Unterschiede gab es bei der
N-Aufnahime wned im N-CGehalt der Loguminosen. Die N-Anveicherung im Boden verminderte sich
mit zunchmendem Alter der Versucéhspfhinzen.

SO0 Tera e NN Nariae [y o000 paiomiiie 1 cpusuiBuime asora y 8 HEoPacTyuHx
BUAOB DODOBLIX B HAFCPHANCKOT canaiie

I3 _\ff:.ilu,l:idﬂ)c"r(m.sn;[w BoTedernne 6018 neresn Hoeae BRcaUsn paccajing ¥ OTpex BIon inko-
PACTYIIX DOBORLIX HRYUAAGCH pasiirrne gaybouron n puicangitg asora, Gpejuiec Mineao wiy-
fGouson cocrasiiae v Cassic volwndifolie Prirs, 9 12 yipn mm-(-.E-, wnyhouikon o 2 o 294 My, y
Vigna micrantha. Hanms o 3 10 56 wayfoncor npu sigree nx or 12 00 153 me u y Teplivosia
candeda e - or 12 0 71 iayBome upn macee 1x or 7 ;Lu'l:':ﬂ M. [Nopuesme sayfGomsn wannen-
MOCTIL OT NOJI TN \mlnhn.lm:'n!n:ru‘m! pactanuni, B cayuae Tpex Bigon DOHoBEIX DL
QDI PASRCH DL AOCTORCPHLIC KOO DOIITHeT S KO P peasign (1,837 00 0,493 Mmesspy saceoil kayon-
OB N Maccoii kopuei. Jlocronepuas wéppeaninn (v 0,94 1 0,77) mengry macceoil saytoukon
0 COOPIEATTHOMQAZ0TA B H0DCEe DRG0 B0 I Toa Lo o Cassie vorediposnin, Bigiosasueusin
Cpaninng Aadaiogaasen B YCROCIND a30Th 0 coepasunn ora i Goborux. Hagonaenne asora
HOMBE MNCHLIUEOCH ¢V BOJHHCITICN BOSPARCTE TOAOILITIIN pacrennii:

) Tuia e No N Aawiy: Formation de tuberenles of fixation de Pazote dans des espoees de légu-
mineuses agrestes de la awvane nigériane

Dans des conditions de serre onte ¢U¢ analysées, dans trois especes de legumineuses agrestes, fa for-
mation de tubercales of la fixation de Pazote, dans by periode de la 688 I 18 semaine apres fa plan-
tation des semis. Le nombre moven de tubercules dait pour Crssia rofundifolic Purs. entre 9 of
12 (masse de tubercules: 22 294 my), pour Vigne micranthe Haras entre 3 ot 56 (masse de tubereules:
12 8 153 mg), et pour Tephrosic candida DE entre 12 ¢t 71 (masse de tubercules: 7 & 150 mg). Les
tuberenles des racines montraient des differonces morphologiques spécifiques de hate. 11y avait
pour toutes ies frois espoces de léguimineuses une.corrélation significative (r = 0,83 & 0,93) entre
masse de tubercules et masse de racines. Une (‘rmoim}mn ‘sxmnhmtwu (r = 0,94 ¢t 0,77) entre masse
de tubercules et tencur en N dans la pousse n'ie 666 trouvée yue pour Cassia ot Tephrosia. 11 y avait
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des'différences spéeifiques de-'espoee quant & la fixation de N et Ja teneur en N des logumincuses.
L’enrichissement: de N dans le sol & diminué parallelement a Uage eroissant des plantes expérimen-
tales. A

T. 0. IBra y N. N. Acsin: Formacion de tubéreulos y fijacion de nitrogeno en fres variedades de
leguminosas silvesties de la snbana nigeriana

Bajo condiciones de inverndculo se ane lizaron en tres variedades de leguminosas silvestres el desar-
rollo de tubéreulos v Ia fijacion de N en el periodo de la 67 hasta 18 semana después de plantadas
lag plantulas. Bl ntimero medio de los tubérealos se situaba en Cassia rolundifolia Pyrs. entre Dy l2
(masa de los tubéreulos: 2 hasta 204 mg), en igia niierantha Harns entre 3 y 56 (masa de los tubdr-
culos: 12 hasta 153 mg) v en Cephvosia candida Do entre 12 3 71 (masa de los tubéreulos: 7 hasta
150 mg). Los tubérenfos radicales mostraron diférencias morfologi s especificas segtn el hudspedd.

Existio.en todes las tres variedades de leguminosas una correlacion significativa (r = 0,83 hasta 0,93)
entre la masa de los tubércalos y Taode Ta radz. Una correlacion significativa (0 084 y 0,77) entee la

masa de los tubéreulos y el contenido de N en el vistago se determind unicamente en Cassia y 1'e-
phrosia. Habia diferencias especificas relacionadas a la variedad en la absorcion de N y el contenido
de N en las leguminosas. La concentracion de N en el suelose iba reduciendo con la edad de lag plantas
de ensayo. = :
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