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ABSTRACT;

A pot experiment was conducted in a glasshouse at Samaru
between June and September, 1989 to investigate the effects of
five phosphorus levels and three soil types collected from Samaru
(Northern Guinea Savanna), Jos (Montane) and Sokoto (Sudan Savanna)

on the growth of Caribbean stylo (Stylosanthes hamata cv. Verano).

Most of the plant morphological attributes, components of
plant dry matter yield and plant nutrient composition and uptake
were significantly affected by phosphorus. In soils collected from
Samaru and Jos, phosphorus reduced days to 50% flowering and
increased branch and nodule numbers while in the absence of added
phosphorus Verano stylo planted into soils collected from Sokoto
flowered earliest and produced the highest number of seeds and
nodules. Phosphorus application increased dry matter yields of
total plant and plant top. Yield of the root component was lowest
and in fact declined further with phosphorus application.
Phosphorus thus plays a greater role in increasing plant top dry

matter yield.

The study suggested that soils collected from Jos suit seed
production and would require up to 240 kg PpC/ha for this purpose
while soils sampled from Samaru and Sokoto required 180 and 60 - 120 kg.
P,Os/ha, respectively for forage production.

Nitrogen (N),phosphorus (P);potassium (K) and magnesium (Mg)
concentrations peaked at 180 kg P,Os/ha, whereas uptake of these
nutrients maximised between 120 and 180 kg P,Os/ha. The N, P, K,

Ca and Mg concentrations obtained in this study were above the
levels regarded as minimum needed for ruminant live weight maintenance- |,
The need for field trials to support the findings in the present

study was indicated.
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CHAPTYR ONE$

1.0 INTROLUCTION:

The mnjor limitation to ruminant live stock productiom in

Nigeria is inndequote feed provision, From the point view of
gr-ssl-nd vegctation, five brond eccologic~l zonis have been
identificd in thy country. Located between the €th and 7th
parallels in the South is the Forest Zone with an annmual raiafall
of betw cn 1800mm ~nd 3000mm, 't the other extreme is the Sohil
zone¢ which spre~ds from the northeesgt to the northe—west »nd r.c. ives
an ¢rratic snmual r-~infall of 300 to 630mm, Between these two
extremes, in a south to north direction, an:the Derived, Southirn
Guinca, Northirn Guinca an¢ Sudan Savannas, Generally there is o
bimnﬁTl rainy senson in the South 2nd only oni short sessoun in th¢
I‘Tor‘tlh. .
!1though thr Guinea Savenna has potentinl for profit-bls
livestock production, this has not been renliscd because of the
priovalence of tse=tse fly and the periodicity of forasy supply.
The btulk of the nrtional herd is located in the Sudan whore tse~toc
infestation is minimal and the climrte supports the growth of
ar~ble crops from which considerable crop risiducs are obtained,
Here, 28 well as in the other sub-bumid zoncs, the ruminants
subsist l-r7ely on native pastures which provide enousrh herbrze of
riagonablé quelity only during the carliér port of the rainy seoson
and limited quontity of fibrous hirbape from the end of the rainy
ge ngon onwardg, Ways of schieving year-round jood qu-ality foras:
availability have been sugrestod btut it is penerally accevterd thet
the best optien is the use of improved pnstures, prriicularly tbar

basid on high viclding tropicsl legumes (Thomas and Grof, 1986)ﬁ
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Trinls at Shika in the Northern Guine» Savenna Zone (F.C, Igishi,
Pcrsonal communications) have shown Caribbean stylo (Stylosanthes
hamata _cv, Virano) to be suitable for oversgowing native pasturcs.
This 1¢ pume has been recommended for the establishment of fodder
bnnks to supplement dry scnson grazing of unimproved grass
postures in sub-humid arcns (Otsyina et al, 1987). It is superior
in forage poerformance to the alrr~dy well known Townsville stvlo
(Stylosanthes humilis) and well accepted by livestock, S, hamata
formg compatible companions in mixturcs with grasses =nd producrs
excellent vields of ¢ ~rgily harvested -md established sercd,
However, there is o dearth of information in Nig«ria on the
responses to soil mutrients of tropical prsture legures in
general and S, hamata in perticular. Phosphorus deficiency is
widely acelaimed as chorocterising many tropical soils ~nd it is
unlikely th-t the soils of the MNigirian Sav-nna con B¢ =m

exception, Sinec S. hbamnta has potential »s a legume for stan’ing

hay rnd constituent of improved sown and raonge pasturcs in these
arens with five to eight months of dry season, it is decmed
necessary to conduct preliminary investigations into its growth
responscs to different phosphorus levels, using soils from
digsimil~r ccologic~l arens, It is envis-agrd that datn nbtained
on root, shoot and seed yirlds, leafiness and herbage mutricnt
compesition may assist in recommending approprinte phosphorus

rates for Aifferent locotions in the sub=-bumid environment.
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CH/ PTTR _TWO:

LITFR/ TUR} REVIFWs

2,1 Introduction:

Lepumes are known to b rich in nitrogen and independent of
2 1ow soil nitrogen status. [s such, they are regarded as
speeinlly useful and dependnble sources of protein in animnl
mitrition, /gishi (1983) listed seven important contributions of
pasture leumes, These include build up of soil nitrogen;
restoration and maintenance of soil fertility; improvement of the
feeding value of associnted prassegy provision of high qunlity
feed in the Ary season; extension nf the life an? fecding v-lue
of mixed grass/legum¢ pnstures; control of soil erosion and

usefulness as cover crops,

2.2 Pasture legunes in Nigering

Several p-asturc logumes including specics of Sir-tro, Centro,
Pucero, the Desmodiums 2nd Glycines have been tried in Nigeris tut
have not demonstrated ag much potential for animal production ~s
members of the genus Stylosanthes such as the perennial stylos
(s. gui-ncnsis), Caribtean stylo (S, hamata cp. Versno), shrubby
style (S. scabra) »nd the annual, Townsville stylo (S. humilis).
The penus Stylosanthes een tolerate conditionsg of low soil pH,

!t low phosphorus levela, ligumes of this genus produce outst-ning
vields, while most of the lesumes in other penern perform poorly

(Eurt, 19’?7). Many Stylosanthes specics tolerate -nd cven thrive

on soils cont-ining 1ittle phosvhorus (Robinson, 1976). These
noteworthy qurlities suggest thot the genus has higher potentinl

ng - gource of promising pasture legure thon othier geners of lepumeg



introduced into Nigeria,

2.3 Classific-tion of the genus Stylosanthess

Stylosnthes belongs to the order leguminosease and the

frmily Papillionaceae which cont-ing a large mumber of tropical

legumeg, It is » member of the tribe Hedysares, Stylosanthes

contains some of the most widely distributed tropical herbs or
shrubs among which are wvnluable pasture le pumes thot are drought
resistant and combine well with certain grasses (Vhyte et 2l,, 1953).
The genus is divided into Stylosanthes and St santhes, based on

morphologicanl differences, ESpecics of Styposanthes hnve one inner

bracteole and a rudiment axis whilst species of Stylosanthes have

one inner bracteole but no rudiment axis ('t Mannet je, 1977). The
fenus Stylos-onthes cont~ins about 25 sprcies from which introductions
hove been mode into different parts of the world (Eogdan, 1377).

Stylos=znthes consists of some¢ very important pasturc legume

spccles thot have been widely tried and used in livestock feeding,
The se includes-

S, guinnensis. This incorporates important cultivars such =s

Cook, Endeavour, Oxley and Schofield which are 21l highly productive
perenninls,

S. humilis, /n annual self regener~ting pasture legume comprising
cultivars such as Gordon, Lawson ~nd Paterson,

S« hamata cv, Versno which behaves either ag anmunl, biennial or

short=1lived perennisl depending on envirommental conditions ..
S, scabra. This is a pirennial shrubby lemume that tolerates
varisahle romgcg of climatic conditions. Cultivers include Fitzroy

and Secn from which new lines have been derived,
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2.4 Introduction of Stylos-nthes into Nigerias

Studics of Stylosenthes in Nipgeria started in 1947 with the
introduction from ‘ustrnlia of S. guianensis cv. Schoficld
(Nwosu, 1960). This perenninl logume is adapted to o wide range
of goils =nd climatic conditions in Nigiria and its cultivetion
enjoys considerable popularity. Nwosu (1960) reported that it
performed well on decply leached snd ernd=ble gandy soil as well
»g shallow limestone soils in the drier aress of Nigeria,
nother specics that atracted attention between the 1late 1960s
and mid - 1970s is S, humilis, a self regenervting annual sdapted
to the gub-humid and dry areng of ‘ustralia where ite introduction
into the ronmse hos repulted in inereased e-ttle livewe izht g-ins
(‘non, 1973)« £. hamata is ~nother specics that has been reported
to be more promising thon S, humilis in terms of dry matter yicld,
seed yicld and nutritive value in the Northern Cuinca and dricr
areng of Nigiria,

In the Guine~ Savanna zone of Nigeria, estoblishment methods
and management techniques of stylo/grass mixtures (Hagear and
'eishi, 19€9) have been studied, ‘lso attention has been
focussed on seed production of stylos in the Northcrm Guinea

savanna ( gishi and ‘sare, 1980).

2.5 Morphologic-1 description of the genus Stylosanthess

The gen:ral growth habit veories from stiffly erect to grostr-te

or ntnr-crveping whil: such ch-=racters »s hairiness -nd deprec of
leafiness are highly variable, The successful introucticn of

the pl-nt into diverse nvircnre nis can be attributed tn this
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inhe rent morphological and associated physiological variability,

The desree of vari-tion is perhaps all the more remarkatble in
that most introductions were initially made with small quantities
of seed, very often from 'ustrelin or yiag an adjascent tewritory,
Most countrira have developed "strains' by selecting from their
origin~1l populntion, and the general experience is th-t stroins
produced locnlly or populstion th-t have emerged from local
selection pressure, invariably prove superior to those introduced
from an outside source, pnarticularly one having a markedly
different environment (Naveh and "nderson, 1967),

/1lowing for this diversity in morphology, a typicnal singlc
pl-nt h~s =2 radial growth form with prostrate, thin and pliable
branches thnt spread out from the deep rooted central axis,

From the branches ghorter and leafier growth develops, the shoots
being held werticnlly to a height up to 1 m 2bove ground, “ith
age anl incressing weight however, this growth collapses on
itself and a mrt of tangled, lignified stems is formed on the
ground, from which new e€rect stems mny 2rises The stems do not
usually root »t the nodes although this has been reported (Whyte
€% al., 1953; Gilchrist, 1967) and the mass of growth sprenling
from a centr2]l axis for up to 5 m can be rolled up like =2 carpet
(Vivian, 1959). /1though not typically scandent, some pl-onts can
if given support climb to a considerable height above ground,

The stems be-r trifoliate hirsute mucronate leaves, which arc more
erowded on the shortenoded erect shoots than on horizontal
branches, thus giving the pl-nt a superficial resemblance to
lucerne, The flower heads arise towards the ends of the <rect

ghoots ~and tend to be held ele»r of the mnin moss of srowth,
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The root system is vigorous, spreading and penetrating deeply

into the soil (Vivian, 19593 Lawton, 1965).

Morphological description of some Stylosanthes species:

24531 S. Capitatn
S. capitat~ is botanically described by Mohlembrock (1957) as
an erect stemmed and decumbent branched plnnt with short white
hairs ~nd some scattercd bristles., Leaflets are oblong ond
densely villous on both surfaces. Spikes are thick and mony-
flowered, Tt produces two types of fertile seedss= the upper
one long and glabrous whilc the lower is shorter and glabrous

or sparsely pubescent,

2.5.2 C. mionensis
Cv, Cook, This is an erect to semi-erect plant, The gstims arc
more pubsscent thon cv, Schofield and the leaves are more
lanceolate than elliptical, The leaves are Jark ~reen t~ Ylue
an' are lgnsely pubmscent on trth surfaced (Skerman, 1577). The
plant is wmi'=seasn fl-werin- with . see’'s gither yellow=~reen or
¢live ireen,:. It flowers earlicr than Schefield, .

Cv, néeavour,

It is an e¢rcet ~n? densely bdbranched with light-green pubescont

stems, The leaflets are light-green narrow and lanceolate,

Flowrrs h=ove 2 yellow stondard with purple streak ani yellow

wings,. It is intermedi-ste in flowering between Cook and

Schoficld (ke rmon, 1977).
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Cv, Oxley, Semi-erect and fine stemmed, the cultivar has
fewer branches and flowers which mature 1-te. Most of the
perennating buds are found beneath the soil surface which thus

makes it intrinsically resistant to fire and frost (Barmard, 1972),

Cv, Schofield, The pl-nt is erect, coarse branched

with hairy stems (McIlroy, 1962), The leaves are deep green,
pointed and pubescent on the lower surface, It is late

flowering, with yellow flowrs and yellow=-brown seeds,

2 .51 3 ':_;- ham':at.'l

Taye et 21, (197L) described S. hamata as a very variable
species with nonevigeid stems and inflorescences. The plant
is semi-erect or prostrate, non determinate with hoirs
(usunlly atrnight) concentrated down one side of the stem, The
trifoliate leaves are glabrous, Inflorescence is elonsate and
loosely formed, usunlly occurring ~s sinele units in the leaf
axils, Flowers are yellow and the spike produces two type of
sieds, The upper seed has coiled beak about half the pod
length while the lower seed is hookless. Seeds ~re usu2lly
square shaped nnd emall (/ 2mm long), with pale to medium

brown colour,

2.5.4 S, humilis
Plants ave gcnerally robust with large leaflets and high
geed vields, Somc plents are menerally virorous, while others
are less visorous =nd may be variably densely branched (Five,
Purt, Nicholson, Villisms an’ Villiome, 1974). The three well

known cultivars ~res=



G -

Cv. Gordon., It is late mrturing and adapted to areos with over
1130mm annual rinfall,

Cv, Lawson, This cultivar is intermediate in maturity and
adapted to are-s with 890 < 1130mm anmual r-infall,

Cv, Prtergon, ’'m ¢r~rly moturing anmual, this is suitable for
the 620 - 890mm annual r~infall zone with a characteristic long

dry seqson,

2,5.5. S. macrocephala,
S. macrocephala, A fine - stemmed, mony branched, prostrate to
semi -~ erect plont with pubescent lanceolate leaflcts, is a
nhtive of centrail and esstern Frozil, The inflorescences are
denge and oveid while the seeds are small, smooth and yellow

Schultze-Kraft, Costa and Flores, 198}).

2.5.6. S. scabra.
Humphreys (1980) described this plant as a woody and erect shrub
growing up to 2 m high when conditions are favouradble and
egpecially when not grazed, Young stems are red while the
trifoli~te leaves are amall ~nd bluish green, slipghtly sticky
with short hrirs, Flowers are pale yellow and borne on short
spikes, It produces 2 mixture of short coiled upper seeds =bout
1.5 mm long 2nd lower hookless secds, The tap root gystem is

diep. Known cultivers include:-

Cv, Fitzroy, This is more tushy thnn cv, Sren and hag p-ler

gFreen narrow leaves and stemg, It 2lso tole rates more cold
and flowers oarlier than Tica but is more susceptible to
anthracnose disease, It is recommenied for drier zones where

anmunl rainf-11 is less than 1,000mm (Humphreys, 1980),



Cv, Seca, Deecp tep - rooted and hardy plant that retain green
folinge long into the dry seasoh., It is therefore very suitable
for tropical climates with pronounced wet and dry sessons, Secn
may be recommenied for areas receiving 600 ~ 1600mm annual

r~inf»11 (Humphreys, 1980).

2.6 Physioclogy of the genus Stylosanthes:
2.6.1 idaptation,

Stylesanthes species flourish under ant anmual rainfall of

over 2,500mm but will also survive in are~s with a mean anmal
rrinfall of only €50mm and 7 - 8 month dry seison (Blair Rains,
19633 Mosnicr, 1963; Habas, 1965). inon (1973) considered

S. hamata suitable for arens receiving an anmial rainfall between

500 and 1,270mm, 3tylosanthes species continue to make good

growth at the end of the wet season an? during at least the first
part of the dry seanson, This uniform pattern of annual growth
cycle contrasts with the typical fluctuating growth pattern of
moat tropic~l forrges (Vivian, 19593 *llen, 19613 Blair Roins
19633 Cadot, 1965). In a well established stand of prrennials,
harvesting can proceed from 6 months into the 3rd and Lth ye-r,
but there is 2 grneral decline thereafter and six yerrs is
considered the moximm period of economic production (Vivian, 1959).
‘11en (1961) anad Cndot (1965) reported that in common with other
tropical legsumes Stylosqntheg have the ability to accumulate
mutrients, especinlly phosphorus and caleium in their tissuee ~ven
when these mutrients occur only in minute concentrations in the

snil,
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2.6.2 Responses to defoliation,

The mature plants of S, guianensis, 5. scabra and their
cultivars nre extremely hardy and vigorous but the development
of the young seedling is slow and sensitive to defoli~tion and
damage in the first 3 or 4 months after sowing (Rlouard and
Thurisux, 1962). Foster (1961) and Lawton {(1965) reported that
S. guianensis is highly susceptible to damapge by fire, Groft
and Harding (1968) showed that intensive harvestinge every 18
wecks cnused lower stem woodiness and ~lmost loss of st~nd in
S, guinonensig, However,cutting at B-week intervals at Sigatoka,
Fiji, gave good preistence (Payne, Taing, Miles and Mason, 1955),
Genernlly, cutting lower than 20cm is detrimental to survivnl
(Vivian, 1959).

S. humilis has been reported to withstand heavy grazing -nd

as the plont is Y€ ing grazed, new 2xillary budg develop but this
has an adverge effect on seed production especi~lly close to the

end of the srowing senson (Skerman, 1977).

2.6.3 Responses to photoperiods:

Responses to light is very crucial in most flowering plants
especially in rel=tion to seed production, Garner and 1lard
(1920) studied and divided plants into three groups. Those that
flower very rapidly in day - length of 12hrs or less (sbortedsy)
othcrs th't flower readily in day=lengths of 12hre or wore
(1ong=i~y) and those th-t flowcr irrespective of day-lenth
(d~y-ncutr~l)., 't Mannetje (1965) and Okigbo (1972) classified
S. fuinnensis ~s 2 short-day plant, Simii-rly £. bumilig is -

gshort dsy plant (Skerman, 1977) while 3. erects »nd S. fruticoss



were clagsificd ag day=length neutrz1l plante because they

flowered at both short and lomg day lensths (Okigbo, 1972). S.
montevidensis was classified as long=day plant ('t Mannetje, 1965),
Dry matter and seed yields of S, sulanengis were reduced by more
than 794 when srown under closely planted oil palm (*non, 1965)
whilc in S, humilis reduction of T daylight reduced yiclds by
L74 (Sillar, 1967). This clearly shows that the most important
Stylnsanthes poature species are not shade tolerant and are

short-d=y in responses.

2.6.4 Tolerance to drought,

S. suisncnsis is reosonobly “rought tolerant due to the
deep tap-root system even in areas subject to frost (Skerman, 1977),
S. humili=s hove been notcd as surviving drought because of its
anmial habit and heavy seeding capacity (Skerman, 1977) and

coping with intermitient flooding (Kretschmer, 1968).

2.6.5 Responges to temperature,

Stylos~nthes species are essentially warm tropicol climate
plants thot moke their best growth under high temperature
conditions (Vumphreys, 1980), The plints are nlso adapted to
wide vorintions in tempernture., S. guianensis for example,
contimied active growth up to 1500 (*1len and Cowdry, 1961) -nd
defoliated ~t 0°C (Toeleke, 196)). Skermn (1977) cited
adaptetion to temprroture reoges of 27 = U3 Gr: for S, guianensis

.

md 18 - 22 ¢ for 8. humilis,

2.6,6 H-msee edness,

The seods of most pagture lepgumes are knewn to he associted

with hard testa which resists woter imbibition, cnuginz a delay
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in or prevention of consequent swelling, gcrmination and
emergence of the new seedling, Most Stylosanthes seeds have
hish percentages of hardscededness, Risopoulos (1966) reported
30 = 79 hardseedednese in S. guianensis while Cameron (1965)
recorded 7l - 9% hardsecdedness in S. humilis, Fresh seed
germinetion in 2, humilis ronged from 2 - 39% (Graham, 1963).
Hardse«dedness con be removed by mechanicsal searification,
using abrasives or trentment with hot water, dry heats or
concentrated sulphuric ncid, Wwhen seeds of S. guirnensis are
mechonienlly harvested, no treatment or scarification may be
required (Rijkebusch, 19673 Gilechrist, 1967). Iffective trestment
ean however be achicved by soaking sceds in water =% 55 ‘e for
25 minutes (Rieopoulus, 1966) or 2t 85 9 for two minutcs
(Gilehrist, 1967)., . lternntively seed treatment can be eithcr
by using n mechanical searifier (Blouard and Thurisux, 1962) or
treating with conc. sulphuric acid for 10 mimtes (Gilchrist,
1967). Treated seceds generally give higher percentage
germination thus, expectation of good plant establishment using

lower sied rotesg is higher and more economical,

2.7 Origin, morpholo, and asron of S. hamnta cv, Verano.

2.7.1 QOrigin,

So hamata is a native of the islands of Vest Indirs and
the coast~l region of the U,S. ., Colombia, Venezueln and
Hondur-s thst btorder the Coribbean Sea, Verann stylo w-s first
introduced into ‘ustrilia in 1965, T-rly trials at the
Lansdown fi.1¢é st ti-n ~f CSTP0 (O-mmonwe ~1th Scientific and

Industrisl Research Organis~tion) noar Townsville in 1967 with
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single spaced pl=nts, in‘icated th ot Virano stylo would outyield
the best Townsville stylo cultivars (Anon, 1973). Since thnt
time it has undergone widespread testing in the northern parts
of rustralia, Tt was released in July, 1973 by the OQueensland
Herbage Plant Linison Committee to secdsmeén as S§. hamata cv,
Verano,

Jeishi (Personnl Communicotions) indieated that Verano gtylo
wes first introiuced into Nigeria in 1974 by the Pasture Unit of
the Federsl Livestock Department, Since 1976, intensive studies
heve been e~rried out on Verano stylo at the National /nimal
Production Research Institute (N*PRI), Shikn, in the Northern

Guine n Savonna Zone of Nigerio,

2.7.2 Morphology,

Verano stylo is a deep tap-rooted herbaceous, non=determinote
plant with a semi-erect frowth habit and an often dichotomous
branching prttern. The plant can grow up to 1 m high; the stems
have short wvhite hairs down one side while the other side ie
smooth, Leénaveg nre trifolinte and the leaflets are lancerl-te
with acute, glabrous |y = 6 paired veins and 2 lenth : bre-cdth
ratio of L.5 = §,3. FE-chis is | ~ 6mm long and the bident-te
stipules are adnote to the base of the petiole with hairs on the
tecth and shc~th, The inflorescence is an oblong spike { / 20mm)
with 8 = 1} flowers on a long stem, Outer bracts hove hoirs on the
edms sl there is an outer bracteénle, twe inner bractecles with
ru’imentary axis subten’ine cach flower (Skermon, 1977). The
flowering spike produces double seedg; the upper having a refaced

coiled hook about 3 = Smm lons, while the lower secd which



.15 -

develops 1-ter is hookless (Humphreys, 1980). Seeds are usually

squore - shaped, small ( L 2mm 1ong) and are pale to medium

brown in colour (Fiye et als 1974L).

2.7.3 ‘gronomy.

Istablishment,

Verono csan be established with or without land preparation,
Methods employcd in uncultivated lan? include seed broadcastine
into (2) n~tural grassland, usually after peartinl defoliation
by burning, cutting or use of herbicide (b) fallow land or
wnprepered scelbed, Pasturcs established using these techniques
are often subjected to severe competition from existing
vegetotion resulting in slow rrowth and poor vigour, However,
Ver=ano stylo establishes well when sown into burnt sround
followed by superphosphate application at the rate of 100 kie/ha
since this cnsures thot compe tition for scil mutrients, water
and light is minimal, It also establishes €asily when
broadeast or sown 2t about lem depth, but seedline em rgence
m=y not cceur in sowings deeper thon Lem (*gishi, 1978‘j'
Recleveld and de Lesuw (1978) recorded 59 germinntion of
Verano stylo when a‘equnate rains were available compared with
32¢° when roinf-1ll was errntic.

Verano stylo exhibits » hirh desrree of hardseededness
which results in ¢stablishment f-ilures, Fard geed con'ent,
which usunlly execed 904 (¥ott and Mckcon, 1982) can be reluced
by hot water trentment, MoTvor and Cordner (1987) applied
boiling water to Virens style seed (594 hard) for one mimate

and obtained over 6% serminntion, Indic~tions from 2 mumber of
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studies were thnt early »nd uniform sermination occurred,
following Verano seed treatment with hot water ot 80 % for 5 tc
10 minutes, rgel (1979) associated the hardgeededness in
Verano stylo with temperature during seed formation and also
indicatid th-t dormancy was @mere strongly developed in the hnoked

upper articulation of the¢ seceds.

Responges to defolintion,

The persistence of Verano stylo is probably om account of
its ability to produce a 1ot of seed for early regeneration where
it grows as 2n anmunl and its survival during long droughts when
anmuals would have been dry and stemmy (Anon, 1973).

Verano ctvlo tolerntes heavy grozing (/nen, 19733 Humphreys,
19803 /lacantra and Paulinn, 198))) and produces a lot of sceds »n
branches cl-ge tn the pround in such a situntion., Continmuous
grazing is considered quite guitadble for its management, In -
grazing trial at Shike, /gishi (1978b) stocked a Verano stylo/buffel
grags pasture at 1.1, 1,67 and 3.33 heiferg/ha and reported
increases in proportion of Verano styloe with incressing grazing
pressure from 10,20, 16,50 an? 18,80 in the low, medium and high
stocking rotes respectively in the establishment year, In the
fourth year this proportion increased to correspending wvalucs of

28,30, L4,70 and 60.50%.

nim2l responses to Ver»sno stylos
e —— et

Controlled grazing studies on pure Verane stylo based
pastures have not been carried out in Nigeria, It hns however
been observed thot cuttle alwys frequented Verano stylo seed

erops at Shika. Sheep =nd gorts prefer chopped Verano hay =und it
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is relished by most ruminant animals once they get used tn it,

‘non (1973) reported on grazing trials at Wrotham Park, ‘ustralia,
in which 1B-month old steers gnined 150 kg/head on Verano style
stocked at 1,3/ha compared with 130 ke/hend on Townsville stylo ev,
Lawson similarly stocked, /1so steers in the Verano stylo paddock
gained weight for a month longer, at the end of the first wet
geagon and started gaining a month earlier at the dbeginning »f the
second, giving a total of two extra months' growth.

The fore=going review suggests that limited research has been
carried out in Nigeria on P requirements for growth, herbage yieléd
and seed preducticon »f Veranoe stvln, The Northern Guinea and the
Sudan Savannag are environments with P deficiency but where Verono
stylo has great potential, It is therefore necessary tn examine
representative gnils for their physical and chemical characteristics
and evaluate the growth responses of Verano stylo to different

rateg of P added to the soils.,

Digeages of Veranc gtvlo.

Verano stylc has been deseribed as being moderate in field

registance to the anthracnose disease Colletotrichum gloecsporioides

(Humphreys, 1980), Most Townsville stylo lines are susceptible
to the disease, which reduces prowth and seed production. The
digeage is more prevalent in areans with high rainfall and
relative humidity and explsinsg why Verano stylo hag » wiler
elimatic =a2d-ptotion than Townaville stylo., The incilenee of
anthracnose hag so for nt been repnrted in Nigeria nlthough it

may agsume importance when Verana styls is grown on a laree sealc.
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2,8 Climatic adept-tion

2.8.1 Responses to photoperind,

Verano stylo has been classified as a short-day plant
because it flowers in photoperiods of 10 - 1% hours, with greater
flowering occurring under 10 hours (Cameron and 't Mammetje, 1977).
7t Shika the plants flowered three to four months after gowing in
June but from the second yenr onwards, flowering of regrowths

occurred throughout the year as long as 3oil moisture was non-limiting.

2.8.2 Resgponses to temperature,

Pumphreys (1880) described Verano stylo as a hert - loving
plant which dres n~t do well in the sub-tropics where its srowth
is less vigorous and geed formation is impnired because of enol
nights, Verano stylo has been reported to be clearly well adapted
to the hotter districts of northern ‘ustralia and the hottest part

of north-east Thailand (/non, 1973; Humphreys, 1980),

2.8.3 Responses to rainfnll,

Verano stylo is well grown in climates with a proncunced wet
geascn followed by a dry season, but by virtue of its being a
short - lived percunial with rapid seed production, it can be rowm
in environments with erratic patierns of seasonal rainfall
distribution (Fumphreys, 1980), It has been considercd (’non, 1973)
guitable for tropical =reas with a short and variable growing
8¢ »son having "mn anmusal rainfall between 500 = 1270mm. It is
therefore more versatile then Townsville stylo which rconires freo
£50mn annual roinfall upwards. ‘nis specinal characteristics of
Versna stylo would even tnke it into tropicerl arcas with 1l ower -nl

less relinble rainfr11l than that suited to Townsville styls
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(Fumphreys, 1980). Verano stylo, being more versatile than
Townsville stylo and adaptable to tropical dry areas with even less
than 570 pm, munual rainfall (fnon, 1973). It may as well fit
into both the Sudan and Sahel Savanna Zones of Nigeria with mean

anmial rainf»ll of 500mm or less,

2.9 Elaphic adaptatiouns
Verano style is adapted in well-drained sandy soils of low
fertility status. It tolerates highly acid conditions and
nitrogen fixstion is less impaired by high exchangeable aluminium
than it is in almost all other cultivated lesumes l'Humphreys, 1980).
At Shika, it performs satisfactorily on gravelly, stony, rocky,

fine sandy, sandy loam and clay lnam soils (/ gishi, Fersonal
Communicati-ns).

2.9.17 Ehizobium inoculation:

Verano stylo is non-specific in its Rhizobium needs as it

readily nodulates frecly ané fixes nitrogen with native "Cowpen
type" Rhizobium (/mon, 1973; Humphreys, 1980), Plants of Verauo
stylo,S, bumilis and §. scabrn were grown in nutriémnt soluticn
following inccul-tion with a suspension of "Cowpea type" Ehiscbium
CB 756 an'! 21 éays =fter, aluminium concentrations of 0, 25, or
100 ym were: applied and the plants alleowed to grow further for
10 cr 20 ¢-ys (Carvalhn, ‘nlrews, Fdwards »nd /sher, 1980),
Mensurement «f nitroen fix-tion based on t~tal nitrozen eomtivts
and acetylene reduction demomstroted thot aluminium within the
ran,7+ use? hnd no detriment-]l effect on 2ny species.

In pot trials P-hwa and P-ti) (1983) inncul-ted Centre,

Trwnsville atvln, Lablab (Lablab purpureus), Sirmtro an? Verano

stylo with "Cowpen type" Phizobium and reported simificant
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inerease in pl-nt height, nodulation, fresh and dry weights of

a2ll species, Similar results were obtained by Kale and Konde
(1985) when Stylo (S. guianengis), S. yiscosa, S. scabra, Veromo
stylo and Siratro were innculated with 1 -« § Rhizobium streins
isolated from each of these specieg, /lsc an § = 1 strain
isolnted from Verano stylo gave the most effeetive nodulation when

compared with the others and uninoculated sceds,

2.9.2 DNutrient requirements:

/1thmugh resenrch has shown that phosphorus is the major
requirement for adequate legume performance, other macronutrients
like potassium (K), sulphur (8), mgmesium (Mg) and micronutrients
such as cobolt (Cn) and molybdenum (Mo) (for nodulation) are also

required for optimum performance of the legume plant,

2.9.3 Responscs to phogphorus:

Importance of phosphorus = Phesphorus (P) hos been reported t-

affect nodulation and symbintic nitrogen fixation as well as plant
growth (Horeel and Gourt, 19653 Skerman, 1977). *rasu (1953)
pointed out th~t P was needed in photosynthesis as well as carton
reductiony as a constituent of cell mucleus, in cell division,
development of meristems, nodulation, blossom and seed formation,
‘ndrew and Pobins (1969) showed that addition of P to goils where
lesumes rrow incereased nitroqen percentaice in their tops boeven?
m=ximum inere-se in dry matter production and this weg sttributen
to promntion of better reoot development, nodulstion =nd improved
metabolism by the added P, Timil-orly in another experiment thev

reported Townsville stylo as having prtential for abscrbing

gre~ter quantities of P from s~ils with low available FP.



P, deficiency in Nigcrian soils = P is probably the major
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limiting factor in pasture lepume production from tropical snils
which are gener-lly low in availeble P (Skerman, 1977). Fnwezor
and Moore (1965) reported the average total P content of

Nigerian scile ae low, ronging from 80 - 150 ppm in the Savanna tc
126 - LO3 ppm in the Forest Zeone, These penerally low levels of
P in the Savonna and its tendency to react with soil components

to form relatively insoluble compounds th-t are therefore
univ2ilable to plants results in further widespread P deficiency.
8av-onna scils with less than 220 = 390 ppm tot=1 P have becn

reported to respond to P applieation (Bouyer, 1958; Perger, 1964).

P, toxicity - Despite the very important roles played by P in
nndulation and plant srowth activities, excess amounts cnuse

plant toxicity. Fletcher and Kurtz (1951.) showed that P toxicity
led te the reduction in the mumber of nodules produced by lerumes,
Jones (197L4) indicated that P applications higher than 100 ke#/he
decreased dry matter viceld in some Stylosanthes species, Howcver,
in Nigeria no known P toxicity has so far been reported for

Verano stylo, presumably low rates of P have been applicé,

2.9.3.1 Effect of phosphorus on dry matter yield of Stylosanthes
species:

Vorious experiments involving the application of different

rates of P hove shown rezscnable Stylosanthes dry matter yicl?

responsés. In a ficld trial at Shiks, ’bdullahi (1981) reportec
increases in dry matter vicld with Increasing P rates from 0 -
59.2h4 kig/ha applied t» each of the Cook, 'ndeavour and Schofield
S. guinnensig cultivars, The corresponding dry matter yields

varied from 1.9 to 6.9 t/ha for Cook, 1.8 to L.7 t/ha for
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Fndeavour ~nd 1.8 te 3.3 t/ha for Schofield, Simil-rly Gilbert
and Shaw (1980) applied various rates of P from 0 to 45 ke/ha to
S. humilis cv, Paterson, Versno stylo and S. scabra cv, Fitzroy
and recorded Ary matter yields that ranged from 2,707 kg/ha
without P, to L,528 kg/ha with L5 kg P/ha, s little 28 7.4 kg
P/hn in the form of molybdcnised superphosphate considerably
inereased dry matter yield in Townsville stvlo {(Shaw, Gote and
Vilson, 1966), .t Shikn where Haggar (1971) applied O to 43.6 ke
P/ha to swards of = mixture of Phodes grass cv, Callide and
Schofield stvlo, increase in dry matter yield occurred tut was
more clearly demonstrated in the legume eomponent, Similsrly in
oue ensland, bBruce (1972) reported thrt the dry matter vield of =
Stylo/erass mixture increased ng the rate of P rose from 0 to

59 kg/hn,

2.9.3.2 Fffect of phosphorus on dry matter yield of Veranc stylo:

Verand stylo hnas been reported to produce higher dry matter
yielda than Townsville stylo ( ‘non, 1973). Shehu (1981) abtainesd
mean dry matter ylelds from gowings made in cleared and cultiv-ted
rangeland of 4,05 and 2,66 t/ha for the first and second yenr
crops respectively which received only 100 kg/he sinsle

superphosphate at sowing,

2.9.3.3 X¥ffect of vhosphorus on seed yicld:

Versne stylo responds well to supe rphosphate, proiucing high
seed yvields 2t high lewvels of applieation. <t Shika 2 secon?
yesr crop of Verano atyla reerdived 0, 30, 60, 90 ancé 120 kg
P205/h.'1. (~s ginFle superphosphate) and produced L,80,.6, 552,8,

961.3, 1266.,0 and 1280.5 kr seed/ha, respectively. This emphasizes
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the important role phogphorus can play in Verano stylo seed
production, Rai and Patil (1987) studied the effect of pelleting
the seeds of Verano stylo, S. guisnensis, S. scabra, S, viscossa
and 5. humilic with clay soil, clay soil + farm yard manure (FYM),
clay soil + FYM + single supcrphosphate (SSP)., Irrespective of
gpecics and type of pelleting, P increased sced yieldg »nd Veranc

stylo gave the highest of 369,7 kg/ha,

2.9.3.1i Fffect of phosphorus on mixed Verano stylo/grass swards:

In 2 mixture of grass and Verano stylo, 2pplication of
phospnorus hos been shown to increase the sward dry matter ylel?
more than the pure grass or Verano stylo sward nlone, Following
~pplication of 18 ke P/ha, Shehu (1981) obscrved that Verano
stylo/green panic (Panicum maximum var. Trichoglume) an? Verano
stylo/buffel gross (Cenchrus ciliaris) swerds produced the sreatest
dry matter yields of 3,83 and 3,30 t/ha in the firet ye-r an’

4.97 2nd 1,88 t/ha in the second yenr, The corresponding values
for mixtures of these grasses with Townsville stylo were lower
being 2,76 and 2,47 t/ha in the first yeor and 3.80 sné L,12 t/ho
in the secon® year. In the northern territory of ‘ustralia,
Verano stylo has been shown to contribute 50 = 604 of the total
dry matter yield of the mixture with Sati grass (Urochlea
mogqmbicenais) (. nn, 1973). !t Shika, Shehu et al. (1978) found
the dry moiter yield of Verano stylo/buffel and Verano stylo/ireen
pnic mixturcs tn be higher than those of the pure legume or sross
alone when 100 k#/h~ superphogsphote was applied only in the ye-r

of est~blishment.
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2.9.3.5 FEffect of phosphorus on hexbage chemical composition
§N anc F!:

‘lthough the nutritive value of pastures depends on many
factors among which are scil mutrient status, stnse of growth
and type of pasture plants, legumes generally have higher
nutritive values thon grasses, The nutritive value of
Stylosanthes species is known to increase with P applicﬂtiﬁn;

rbaullrhi (1981) at Thika showed thnt N and P contents of
three 3, suinnensis cultivoras at the pre-flowering, flowe ing
and post=flowe ring growth stopes inerensed with increrse in
the level »f applied phosphorus. ‘lso in this environment, the
cruce protein content of Vernno styvlo which received 30 - 120 kg
P205/h" in the form of single superphosphate in the estrblishment

yi~r varied from 13,6 to 18,P¢ during the early flowering stage

and 6,5 to 9,04 at maturity (/gishi, Persconal Commnicaticns).

2.9.3.6 Fffect of phosphorus in the presence of potas<ium on
Verane stylos
Mohammed Saleem and Otsyina (1987) studied the effect ~f

different phosphorus and "Kanwa" (Locnl potassium.containine

L.T% K) levels for Ver-no stylo protuction in the Sub-Fumi’ Z-me
of Hirerin, Without the -pplication of P and Kanwa, the ~uthors
recorded 2.9L t dry matter yield’ha, 2.27 N and 417 ke crude
protein 7ie17/ha but with the application of 36 kg P/ha and 100 kg
Kanwa/hn, the values inereased to 6.48 t dry matter yield /h-,
2,010 ¥ ~n! 1151 kg crude protein yield/hn, On the other hiond,
Fai and P-til (1985) report:d that Verano stylo showed mo

sirnific-nt response 4o the appliention of 30 to 120 kg [’,r,utf_.’*rr

and 30 k¢ !’4'?_0 in terms of fresh fodder, Adry matter -nc crude

protein yiecld,
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2.9.3.7 Effect of phosphorus in the presence of potassium and

sulphur on Verano stylo:

On a semi ~rid red sandy clay loam snil, Singh (198L) applied
0 to 26l xg P, 0 to LL.8 kg K ~nd O to 20 kg S/ha to a mixed
Versno stylo/green panic sward and found that the highept dry
matter ~nd crude protein yields resulted from the highest rates of
application of ench mutrient., The yield of Verano stylo was not
affected by § nlone, but wns increased significantly by its

addition to P and K,

2.9.3.8 Responses to calciums

Limited informrtion ie ~vnil~ble nn the yield response of
Verano styla to ecaleium presumably becouse, like most other tropical
le pumes th t nre pssnciated with "Cowpea type" Rhizobium, it “oes
not usually require liming, Heports from Sno Faulo, Brazil showed
that potted S. guiaonensis cvs, Cook, Fndeavour and Schofield;
Townsville stvlo and Verano stylo fertilized at 1.2 or 2.9 t
caleium {Ca/h~) 30 d~ys before sowing produced higher yiclds with
incresse in the level of Ca in all but Townsville stylo and

Virano stylo (Savastano, Mnrttos and Monteiro, 1982),
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CH/PTFR_THRFE:
M'TERI'LS 'ND MFTHODS:

3.1 Location:
The experiment was crnducted in a glasshouse located it the
Institute for /rricultursl Research (I/R) / Faculty of

griculture, ‘hmadu Prllo University, Samaru, Zarina,

3.2 So0il s-mpling and analysis:

Top = s-i1 (0 = 15¢m) samples were cnllected from fallow
ficlde ~t three locrti-ngi= Samaru, 686 m abtove sea level
(fermed on drift material (loess) overlying eryvstalline basement
complex {Klinkenberg and Higeins, 1968) in the Northern Guine=
Savamna zomej Ta - Hoss (Jos), 1430 ® above sea level, (developed
from basaltic deposit) a hilly area in the Jos Plateauj and
Rawiyyn (Sokoto) 304 m above sena level {formed from acoli-n drift
overlying crystalline bosement complex) in the Sudan Savanna z.ne,
during May/june 1989, 12 cores were composited to form e-ch
sample, Tach soil s=mple wrs air-dried, sieved through -~ 2 mm
screen and mixed thoroughly dbefore analysis, Sub-s-mples of these
soils were subjected to routine analysis for the purpose of their
char-cterisation.

Txehanmtle eations were extracted with 1 N neutral
ammonium acetrte and Actermined with an atomic absorption
spectrophotometer ~nd flame photome texr while e~tion exchrnge
capacity (CFC) wos estimated by summstion, Trtel nitrogen w-s
annlysed by the Macrokjeliahl procedure of Fremner (1965),
*vnil-ble phosphorus wns extracted with Bray No, 1 solutien
(0.03 N ¥Hy» + 0,025N HC1) and phosthorus in the extract

obtained using the Molybdnte Blue colmur method as molificd by
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Murphy and Riley (1962), Particle size Adistribution wis estimated
by the hydrometer method while pH wos determined in both 131

(8011 & water) and 132 (s0il s 0,01 M CaCly) solution ratios with
glass electrode pH mcter, Orgomic carbon was determined by the
dichromate wit combustion procedurs of Walkley - Black a2s described

by “1lison (1965), The results of these are ghown in T-ble 1,

3.3 Treatments and experimentsl design:

'11 possible combin~tions of five phosphorus levels:=- 0, 60,
120, 180 anc. 210 ke Py0g/ha (dencted by Py, P, Pp, Py and F),
respectively) »nd three soil types - Samaru (Sq), Ta-Hoss (Jos, Sp)
and Rawiyya (Sokoton, §3) - were alloeated to pote in a rendomized
complete blnck design with four repliceotes. Phosphorus wna given
as single superphosphate,

Four kg of each snil was carefully mixed with ench level of
sinsle superphosphote and put in 2 1) om dinmeter plastic pst in
which the holes had bien blocked with polythene sheet to prevent
soil loss during watering, In all, there were 60 pots. Blanket
applicentions of the following amounts of reagent #rade mutrients
werce supplied in solution along with the supc rphosphate to esch pot
- 10 ppm N as Urea (80,85 mg)y 100 ppm K as ¥C1 (762,72 mg)s 30 prm
Mg as Mg0 (198,90 mir); 0,05 ppm Mo ag ammonium molybdate (0,37 me)

and 10 ppm Zu as Zinc sulphate (175,92 me),

3.4 Sowingr:
*11 vots were moistened with de=ionised water to field capacity
ani allowed to equilibrate W fore seeds were sown, Hot water

treated (:‘mﬂ’f' for 15 mimit-s) 7 ribtt.on stylo (Stylosanthes h-mnto

ev, Verano) seed polg were sown in pots ot the rite of 5 ke/ha on

19 June, 1989, The gseecdlings were thinned to four plonts per pot
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28 days loter, De-ionised watir was used in wetting the soil

throughout the 12-weeck (19 Junc to 10 Septemder, 1989)

expt rimental period,

3.5 Harvesting:
‘11 plnts were harveeted on pot basis on 10 September,
1989 by cutting ~t the cotyledonary node using n pair of gecateurs,
Flont tops were separated into leaf, stem and seed components,
weighed fresh, oven dried at 80°C for LB hours nnd counted before

oven drying and weighing,

3.6 Obscrvations and mc-sumeunts:

The prr-me ters obscrved and measured during the experimental
period and/or at horvest included: days to S04 flowering;
number of inflorescencesy mumber of serds per poty mumber of
bronches prr pot; number of leaves pr poty plant height (em);
mumber of nodules per pot and fresh and Ary weichts (g) of sceds,
leaves, stems, rocts and nodules,

Plant top and root samples were oven dried ot 80°C for L8 hours,
crouny! with a2 wiley mill »nd analysed for mutrient uptnke usins
procedures deseribe@ by Chapman and Pratt (1962) for nitr-ren -nd
phosphorus, C~tions in the Adifest were determined by atomic

abscrption spectrophotome try and fl-ome photometry.
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Table 1: Physical and chemical propertics of top—-soil (0-15cm)

repre sentatives taken from the threeo experimental
1ne~tions,

: B Location
Properties SAamara Ta—Hnss(Jos) Rawiyya(Snkoto)
Particle size analysis(%)
Sand 56,0 36,0 18.0
5114 ' 106 27.6 | 19,6
Clay 3. %L 12,4
Textural biaas . Sandy loam Clayey losm Sandy 1losm
Tychanseable bases ' '
(meq/170¢)

Ca 0.873 3.2LY 2.807

Mg 0.514 2.103 | 0.95

X 0,102 0,205 | 0,199

Ha 0,087 0.189 : 0.218
Crtion exchange capcity ' :
i (H50) 5.1 4.9 : 5.2
PH. (r"‘c].e) h-s . ll -7 | . h-?
Orgenic crrbon(%) 0.84 1.06 S 0.86
Total N (%) 0.058 0.130 . 0.053
c/l 1h.L8 8.15 16.23

‘yailable P (ppm) Eray | 11.33 12,48 . 14,.04
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3,7 Statistical an: H
The desta were subjected to the st ndard analysis of
varianece to test for sigmificant effects of the treatments,
uging "F" test ae deseribed by Snedecor and Cochran (1967).
Treatment means werce comp red, followins Puncan's new maltiple

rance test procedure as outlined by Steele and Torrie (1980),
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CH'PTER FOUH:

RFSULTS:

L.t Experimental Soilss

Thi physical and chemical properties of soil samples from
the three experimental locations are pregented in Table 1. The
data ghowed the Samvru and Rawiyya (Sokoto) soils to be sandy
loam an' the slightly more acidic Ta - Hogs (Jns) soil, = clayey
loam, The organic carbon and total nitrogen (N) contents of the
Jog s0il were higher than those of either Samru or Sokoto., Jos
s80il wns intermedinte in available phosphorus and exchangeable
sodium and highest in exchangeable calcium and magnesium,
Ixchangeable potassium in Jos and Sokoto soils doubled that in

Samaru soil.

L2 TIffects of phosphorus level and s0il tvpe on plont growth
attributes:

Data on number of days to 506 flowering and on plant growth
attritutes at moturity such as height, mumber of dbranches,
mymber of inflorescences, mumber of secds and number of nodules

are presented in Tatle 2,

42,1 MNumber of days 1o S50¢ flowerings

Days to 502 flowe rinys decrensed sigmificantly (P/0.05) with
increasing phesphorus level, lthough there was no significant
main soil effect, on the average, "-2 (Jos) and 53 (-"-':knt.o) riants
tended to have flowered carlirr thon 84 (Samaru) plonts. The
interaction betwcen phorvharue -n? gnil type wes signific-nt,
Whereas Sq o 52 plants appeared to have flowered progressively
earlier with incre~sing phogphorus levecl, response by 33 plants

was nnt clenrcut,



4.2.2 Plant helght (om):

Plant height inereased with phosphorus application only up
to 60 kg Pylg/ha (84 and 53) or 120 k¢ PpOg/ha (8 Y. S, plents

were sipaificantly {(P/0,01} taller than 8, plants, which were in

1
turn tallexr than 83 plants. For the 84 and Sy plaunts, beishts

maximiaed % P'] ut for the 52 plgn‘t,s h(\ight wna é:reqtest with

cither 120 kg PoOg/ha (Pp) or 2L0 kg PpOc/ha (Ph).

4.2.3 Number of branches:

/lthough the number of branches rose as phosphorué level
inorenased, response was highest up to €0 kg PZOS/ha (Py) which
Ald net Adiffer sirmificantly from respouse to hisher phosphorus
levels. S5 plants were sigmificently (P/0.05) more branched
thin Sy0r S plants which themselves protuced equal number of
breunches, Without phosphorus Sq and 35 plants developed wvather
few brancheg whereas bronch numbers in 83 tended nnt Lo have

been significantly (P/0,05) affected by phosphorus level,

he2oh Bumber of infloregcenceg:

Both phosphorus ~ud soll type exerted significant (P/0.01)
effects on the number of Inflorescences produced, Without
phosphorus, S plants had the lowest and S5 plants the highest
rmumber of inflorescences, The addition of Pq ceused 103, 86

and 3 per cent increnscs in the mumber of inflorescences produced
by S1! 52 and 83 plnts respectively, The responses 1o higher

phosphorus levels were varlable. In 8, and 83 plants,

inflorescence mumbers maximised <t F., aud then declined, The

2

highest mumber of infloregecences borme by §4 plants were recorded

at 18 ke P205/ha (P3).
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Tatle 2: Fffects of phosphorus level and soil type om days to ! % flowuring aud pl al charasteristics

harvest:
Treatment wﬂu\m to 504 Plant mﬂmwﬂau..!ow Fumbe r oH.... Ilacl__..u,.n.. H of .wpln_d” H..l..w .a»__,c.wa m.\“ v.;_w
flowering heicht branches/pot  inflorescences/ 3ol bk
Aoau pot gecds/ po
PgSy §3.752  35.19cde 22,25b L3.50h 90.25¢ g22¢f o
FoSo 51.50a 16.,69be 24,500 53.608 110.50fg 630ef
PoS, L6.75Db 3}.00de 3L.00a 62.75¢ 200.003e 73de
P84 L5.75b 38,38ab 31,502 85.50ed 280.25be 730de
P15, 1i.25b 36.13cd 31,757 99,25b 280.00be 727d€
P48, L6.25b 36.38bc 30.50a 6L 7S¢ 225.50cde 7h94de
Fo% Lk.750 36.26bca 31.25a 89,00cc 25L.75bed #93ed
P,3, Ly, 67D 38.38ab 32,332 111.331 313.67b 910ed
F253 L6.00b  36,06bed  33.252 85.50de 257.75bed 6194
P48, LL. 756 36.9habe  3L.25a 59.00b 260,00cA 1011be
mwmm L3.75b 3 .9Lce 30,252 96,75bc 27L.25bed g0Led
P44 Lk 750 33.31e 3L.00a 79.75e 165.75ef 7294e
F),S4 h3.75b 36.13bed 33.75a 98,50b 219.50cde 11L2ab
P)S2 43.25b 39.252 32,502 99.25b 386.00a 12052
F) S,y 45.50b 3L 56cde 35.75a 79.75¢ 206.50cze 751de
F + for phosphorus P 0,614 0.8 1.00™ 1.7 13.81"* 32.31%
SF + for soil S 0.LTNS 0,377 0.77" I 10,72"" 25.03"*
o b2 * - 3 .- A
E 4+ for P x § 1.05 0.83 1.72 3.04* 23.96"" 55.96"" .

¥, *+% NS = Significomt -t P/0.05, P£0.01 and Not signifie-nt at F/0,0%, respectively.

M s £31lswed by the some letter(s) ds mot Aiffer signific-ntly ~t (F/0.07) a2ccording to Tuncan's New Multiple

Hange Test.



L.2,5 Number of secdss
The pooled dnta suggested that the ndlition of phosphorus

gignifieantly (PLO.Eﬂ) increased the number of seeds produced,
However, P, plants produced mumerically tut not significantly
more seeds than P1 or Ph plants, The nmumber of seeds produced
by unfertilized S3 plants sifgmificantly (PL0.0‘O exceered that
by 84 or Sp plants but with phosphorus applicntion, S, plents
recorded by for the gre-test mumber ~f geeds, 5S4, 83 arl “-2
appeared to require up to 60, 120 and 2L0 kg P205/hn, tn produce
their respeetive highest number »f seeds,

Li.2,6 Number of no’ules per pot:
tmé Number of nodules increased sigmificantly (P/0,01) with

added phosphorus, /lthough this increase continued upt tr the
highest level ~pplied, the differences in nodule numbers

be tween the P2 and P3 plants wes only marginal, Irrespective
of phosphorus level, S, =nd S, were equally effective -nd
superior to 53 in supporting ncdule formation. The gifmificant
(P/0,01) P x S interaction could be explained in texms of the
rice in nodule rumbeérs with incrensing phosphorus in §4 ~nd Ss
plants while nodule numbers tended to have attained a peak nt

P2 in respect of :23,

Le3 Iffects of phosphorus level and scil type on plant component
dry matter yield:

Data on components of the nbove and below ground plant

cry mrttcr yields are presented in Tatle 3.

Le3,1 Lepf yields
Generally, phesphorus applicr tion sigmificantly -’PLU.O‘.}

increased leaf yield, Howcver, P2 and Pg leaf yields were similar,
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1
ylelds ranked equal and were greater than those nf S, plants,

The effect of snil type was simmificant (P£0,01), S, and Sy leaf

The interaction between P and § was significant (B/0.05). $4 and
83 leaf yields increansed with additional phosphorus up to P,

while S5 lenf yicld increased negligibly up to F.

143.2 Main stem yicld:

Main stem dry matter yield without phosphorus was significantly
(P/0.01) lower thon th-t when phosphorus was applied. The pesponse
within the range Py to P was however not sismificont (B£0.05).

Stem yield was higher in So than S4q or 83 plants regardless »f
phosphorus level, Vhile stem yicld of S9 plants increased
unnoticeably from P1 te Py it rose up tn the Pp level regarding

S, and 33 plants before declining, even if only slightly.

L.3.3 Branch yicld:

‘cross soil types, branch yield was sipnificantly (P/0,01) -
lowest without phosphorus and highest ~t Ph' It is not
immediately clear why the yield dropped at P3. 8o plants ha? the
highest and 83 plants the lowest, branch yield, Branch dry
matter production peaked =t P3, P), and P2 in 34, 87 and 53 plants,

regpectively,

Le3.4 Total stem yield:

Phosphrrus increased total stem yield sijmific-ntly
(P£0.01), with the v-lue maximising ot P . Total stem vield
response to snil type wos as recorded for branch vield (apove),
S1 plrnts produced their highest stem yield =t P3 compored with

F), and Py or Py for S, -nd S3 plants, respectively.
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h.3¢5 1.%0 b ﬂ_('_‘t‘d wci@ﬁ:

The c¢ffects of phosphorus mm? g1l type were significant
(B/0,01 ani B/0,05, respectively). In all the soil types,
1,000 « seod weirht wog highest without phosphorus, S¢ =an? 83
plonts gve hicsher weirhts thon 82. The P x S interaction w-s

n t simifie 'nt an' the weirht tren! incronaistent.

4.3.6 Seed yield:s
The effect of phrsphirus applic-~tion and soil type on sece?
yiel! were si/mifient P/0.01 an? P/0.05 respectively. See’
yield increase . 69, 78, 62 and TIg¢ with applic-tion ~f 60, 120,
180 an? 2)0 ks P205/hn rcspectively, regqardless ~f s~il type.
See! yield responded t- Sp thon it 4id to the ~ther soil types,
The P x S interacti-n w-s significant (P£0.01). The tren? of seed
viel? recgponse to rising phogpherus level was ineensistent smong
plants grown on the different scil types. While for Sy plants it
tended tn increase as phasphorus level wns incrensed,; Tor 84 and 33
plants, it reached meximum levels at P3 an? P, respectively and

‘eoereased thereafter,

L.3.7 Plont top yield:

Plant top ry matter yiel® was simmificantly influence! tv
phogpherus in the ronze 60 to 240 k¢ PQOS/hn, but soil type had
no markedly “ifferent effect, WVithout phosphorus, SB plents
rrocaced the hi hest yiel? tuat with phesphoerus they gave the
lowest, nt ¢ mprotle npplicntion lewels, Plant top vieclds -4t~ ined
maximum values in the 7ifferent g4l types =t veryings phosthorus
rategs. No reasrm coul.. Le ~“vencee for the sudden yiel? jump

okserved frr Sy plonts 2t P,
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Table 33 Effects of phosphorus level and soil type on dry malter partition among plant components

ol Temem SR e ewe yiee ZEEW L ow e g, T e

Treament  (gpot) Yiold (& (&/pot) 4504 (s/pot) lafpot) lLeaf % (afvot) % (g/ yiela %

= (a/p0t) GT o) (afpor) T
PO Sq 3.758 1.964 6.7  B.70e  5.36a 0.1i5e 12,90e  29.18ab 1.87d 0.21c O.11e 14.87h 6&.7hbe
Po Sp 3,528 2.48¢ T.T2def 10.20de L.99ab 0.51e 1L.23e v 25.09cd 2.35bcd 0.28bc 0.17de 16.75gh 5.76c
Po S3 L.98def 2.67be 7.19ef 9.86de L.ihbed  0.77d  15.61d 31,90 1.954 O.41ab 0.30be 17.87fg ....3».8»
Py S, S.4bbed  2.80bc 9.59c 12.39bc  3.83cd 1.04bc  18.89bc  28.9%ab 2.09cd 0.4Oab 0.29bc 21.26bed 8.07abe
. L.2ifg  2.91ab  10.06bc 12.9Tb  3.63d 1.00bc  18.21bc 23.264 3.05ab 0.35bc 0.26cd 21,52bed S.53
B, 53 S.llcde  2.6Lbe 9.05cd 11.69bcd L,05bed  0.90bed 17.72bed 29.28ab 1.82d 0.40ab 0.30bc 19.8Lcdef8.89ab
P, S¢ 6.3%a 2.83abe  9.58c  12.41bc  L.20bed  1.0Lbc  19.84b  32.21a 1.864 0.3Tb 0.31bc 22.18bc 9.68a
Po S2 L.18fg 3.21a 11.35b  13.49b 3.56cd 1.11b 19.93b 20.91e 3.20a 0.33bc 0.30bc 23.L1ab 5.87c
P, S3 5.53bc  2.83abe  B.89%cd 11.72bcd 3.72cd 0,95bcd 18.20bc  30.41a 2.03d 0.55a 0.LS5a 20.69bcde7.Slabo
P 8 5.83ab  2.85ab  10.19bc 13.94b  4.28bed  1.70b 19,966 29.3hab 2.15cd 0.3Sbc 0.35abe 22.Léb  8.52ab
Py S, L.61ef 3.05ab B.60cde 11.65bed 3.60cd 0.98bcd 17.23cd 26,66bc 2.91abe 0.30bc 0.27cd 20.Llcde 5.65¢
P3 S3 L.86def 2.75bc 7.65def 10.39de h.53be 0.744 15.99d 30.52a 1.73X  O.4tadb O.34bo 18,38efg 7.9Labe
B, Sq 6.21ab 2.85ab 9.55%¢ 12.41b 3492cd 0.86cd  19.47b 31.79a 2.16cd 0.3b 0.40ab 22.03bc 8.03abe
P, 82 5.06cde 3.01ab  12.89a 15.90a  3.h5d 1.33a 22.29a  22.79de 2.96ab 0.20c 0.2hed 25.49a  7.thabe
P), Sy S.17ed  2,6Tbe 8.05def 10.72cd L4.22bed  0.85cd 16.75cd 30.87a 2.29bcd O.43ab 0.32bc  19.36def 6.49bc
BE + for P 0.15%%  Q.07*« 0.29%%  0,35%% 0,17%* 0.0L**  0L2%» §S ¥S 0.029*% 0.02%* Q.L9** NS
SE + for 8 0.15%*  0,06%« 0.23%%  0,27* 0.13* 0.03% 0,33%%  0,L8%= Q,12%+ 0.023%%0,02%% (0.36%% O,74**
SE + for PxS 0.26% 0.13* 0.51%%  0,61*% NS 0.07#*  0,73**®  1,07* §s ¥ 0,03* Q.85% ES

® "We NS = Significant at P/0.05, P/0.01 and not significant at P/0.05 respectively.
Meang followed by the same letter(s) do not differ significantly at F/0.05, according to Duncan's NEw Mul tiple Eange Test.
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h.3.8 Leaf percentage:

Leafiness or leaf percentage, was not sigmificantly affected
by phosphorus ~pplication while the effect of soil type was
sifmificant (P£0,01), $Sq and S3 plants hal cbviously higher

lenf percentages than S; plants, While the Sy plants tended to

te leafier, the Sy and S3 plants appenred to retain less leof,

as phospheorus level was increased,

L43.9 Foot yield:
Koot yield was not simmificantly affected by masphnrus.‘

However, there was a marginal increase in response up to the

Py level, Sy plnnts had a greater root development than Sq and

S3 plants.

L.3.10 1,000 = nodule weight:

Phosphorus application sigmificantly (PL0.0S) increased
1,000 - nodule weight and peaked at P,, followed ty a decline
2t higher phosphorus levels, The effect of soil type was
sipmificant (P/0,01) while th:t of the P x S interaction wes not,
S3 nodules were the heaviest, Weight per nodule incrensed up

to 60 kg Py0g/ha for Sq ~n? 82 and 120 ki PpOg/ha for S3.

4.3.11 Nodule yields

Phosphorus eond g~il type sigmificantly (PLD.CH) af fected
nofule yield, In the main, mnodule yield followed the ~rder
93‘} 81 % S,. Whereas S1 nodule yicld apparently rose with
ad¢ditional phosphorus, Sp nd 83 ileclined after maximising at

P,. The data inlicnted that phosphorus was more requirec ty

54 plants for nodule development,
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L.3.12 Total plant yields
The effects of phosphorus an’ soil type on total plant
(above + below pround) lry matter yiel? were laricely similar to
these on plant top yiel” (See 4.3.7 above), Unfertilized Sy
plants pro'uced higher yields, while the fertilized ones gave
lower yields than Sp andt S5 plants at comparable phosphorus

treatment levels,

L.3.13 Plant top ¢t root ratiu:

!1thoush the main effect of phosphorus was non-sifjmificant
(P/_'0.0S), plant top : root ratio increased up to P, anl then
declined, /t similar phosphorus levels (except P) Sp plants

had the lowest ratiss, and S, plants the highest, Plant top :
root ratin was jreatest with 33 an’ smallest with Sy without

phosphorus,

L.y Effects of phosphorus level and soil type on mutrient
cencentratien (% dry matter) in plant tops

Data on plant top mutrients such as nitrogen phosphorus,

potassium, calcium, magmesium an? sodium are presented in Table

L

L.L,1 Nitrosens

" /pplication f phosphorus sijmificantly (P/0.05) increase?
N concentration in plant top, The increase was linear with
increasing levels of phosphorus. The effect of soil type on ¥
concentration was also si/mificant (P/0.01). Plants ,rown on
53 hal the hirhest N concentratien (3,2l6¢). ‘lthourh the P x S
interaction was not siimificant, all soil types respon’e? to
phosphorus added an” increased plant top N concentratien with

increasing phosphorus levels,



Table L: FEffects of phosphorus level and soil type on mutrient
concentration (% Iry matter) in plant top.

Treatment N P K Ca Mg Na
Py 84 2,240 0,084 1,028 0.68  0,1738 0.006c
Py S 2.05¢ 0.,15abc  1,04Lf 0,76 0,173¢  0,006¢c
Py 33 3,08a 0.17ab 1.28bed 0.63 0.20La 0.007be
Py 84 3.03a  0,12bed  1,15¢ 0.61 0.180cd 0,006¢c
Pq 82 2.21¢c 0,11c4 0.97¢h 0,77 0.180ed 0,006c
Py 83 3.20a  0,17ab 1.28bed 0.68 0.190be  0,008ab
Py 54 3.01ab 0,16abec 1,224 0,62 0.,183bed 0,007be
P, 5, 2.38c 0.11¢q 0,91k 0,80  0,184bcd 0,007be
Pp S3 3,29a 0.17ab 1.33abe 0.66  0,188bcd 0,008adb
Py Sy 3.,13a  0,17ad 1,244 0.56 0.183bcd 0,006c
Py 8, 2.38c 0,13bed  1,07f 0.66 0,195ab 0,007be
P3 33 3.40a  0,19a  1,34ad 0,71  0,182bed 0,009a
P; 54 3.3bLa 0.17ab 1,26c4 0.66  0,185bed 0.006¢c
P), S, 2,57be 0,13bed  1,00fgh 0.64 0,185bed 0,007be
P), Sy 3.26a  0.19a 1.36a 0.56  0,1%5ab 0€.007be
SE #+ for P 0,09% NS 0,07 %% NS NS NS
SF + for § 0.,07*%  0,01%» 0,01%* NS 0.002%*  0,0002%#
SE+ forPxS NS 0,02+ 0.,03%* NS 0,00L* NS

*, ¥ NS = Signfficant at P/0.05, P/0.01 and not significant at
P/0,05.

Means followe® by the same letter(s) "o not differ simificantiy at
P/0,05 accor!ing to Duncan's New Multiple Tange Test,
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L.4.2 Phoschorus:

The plant top phosphorus concentration was not sizmificantly
affected by the phosphorus levels applied, but there were slisht
increases with increasing phosphorus levels up to PB' 33 plants
had sifmificantly (F/0.01) hisher phosphorus concentration than
Sq and Sy at 2ll levels of applied phospherus., Interaction
between P an’' S was however siimificant (PA0.0S). In both €4 and
53, phosthorus concentration increased with increasing phosvhorus
level althourh the increase was not simificant., In 52 the trend
was not consistent but the plants grown on the soil tended to have
the least response to phosphorus application and the lowest

phosphorus concentration.

hohe3 Fotassium:

The effects of both phosphorus application, soil type and
their interaction were sigmificant (F/0,01) on potassium
concentration in plant top. 'Pataasium concentration increased with
increasing levels of phosphorus, The hiihest K concentration wes

found in S3 (1.32%) plants, followed by S1 (1.184) and then S,

(1.00#4). <t all levels of phosphorus, Sy plante alsc ha’ the

hirhest K concentration,

holiJy Calcium, masmesium an! sodiums
The effect of phosphorus on the concentration of calecium,
mamesium ant solium was not simmificant, However, the
concentrations of calcium an! mamesium tenle! to increase with
increasin: levels of vhosvhorus. The effect of snil tvpe, while

not influencing calcium concentration, si;mificantly influenced
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those of marmesium and sodium, Plants grown 'm 83 had hirher
concentrations of magnesium and sodium than thase growh on
84 and 85, The interacticn effect was sismificant only with
magnesium, Magnesium concentration in plants grown on S1 and
S, increasel as the levels of phosphorus increased while with
S5, values Jdecreased with increasing levels of phosphorus.

L5 Effects of phosphorus level and soil type on nutrient uptake
by plant top (mg/pot):

Data on nitroren, phosphorus, potassium, calcium, masnesium

and sodium uptake by plant top are contained in Table 5,

he6.,1 Nitrogen:

‘pplication of phosphorus sigmificantly (P/0.01) affecte’
nitrosen uptake by plant top. Nitroren uptake increase! with
incresging phosphorus levels up to the maximum level applied,
For example in S4 the nitrogen uptake values were 290, 580,

600, 630 an? 650 mz/pot for Pos Py, Pg, Py ani P, respectively,
Similarly, the effect of soil type was also significant
(B/0.01). Mean values were 550, LLO and 550 mg/pot for Sq, S,
an’ 83, respectively., Interactive effect wag gimificant
(P/0,05). Without phosphorus application, nitroren uptake was

hithest with Sy an’ least with Sy plants., The trend change’

from Py te P), with S4 plants having the highest nitrosen uptake,

L.5.2 Fhosphorus:
Phosphorus uptake was simificantly (P/0.01) incre=se

with increasing phosphorus levels up to the maximum, Soil tyne
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Table 53 Fffects of phosphorus level and soil type on mutrient
uptake by plant top (mg/pot).

Treatment N - . B X Ca Mg Na
Py Sy 290e 10c 1300 90¢ 20f 1.0
Py Sp e 350ce 20b 1504 110be  25ef 1.0
Py 93 LB0be 30a 220b 100%e 30de 1.0
Py 81 580ab 30a 220D 120abe  30cde 1.0
Py 8, I ' LoOed 20b 180c 10ab 303 1.0
Py iy 570ab 30a 230ab  120abe  33cde 2,0
Ps 4 ' 6002 33a 250a 120abc  38abe 2.0
Pp Sp L;70be 20b 190c 160a  38bed 1,0
Py 53 600g 30g 2h0ab  120abc  35bed 1,0
P3 84 ' 630a LOa 2L,0ab  120zbc  38abc 1,0
P3 S, L10e 20b 190c W0ak  LDab 1.0
P, S5 | 5L0ab 302, 220b 110be  30% 2,0
P, Sy €50a 33a 250a 130abec  3Babe 1.0
Py, Sp : 580ab 33a 230ab  140ab L2a 2.0
P}, 83 550ab 33a 230ab 90c 30%e 1.0
SE + fer F 20.0%%  2,0%%  §.0%*  10.0% 1,000 §S
SF 4 for S 20,00 1,0%% 3,00 10,0% NS S
SE + for P x 8 LOLO* 3.0% 8.0%* NS 2 .00¥ NS

¥, w»¥ NS = Significant at P/0,05, P/0.01 and not sifmificant =t
P/0.05, respectively.

Means followel by the same letter(s) do not differ sisnificantly
at PL0.0‘S accoriing to Duncan's New Multlple Bange Tesgt,
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also sirnificantly affecte! phosphorus uptake, 5S4 and §3 plants
had higher phosphorus uptake than So plants. Interaction

between P anl S was sijmificant enly at 5/ level,

L4.5.3 Potassiums
Plant tep uptake of potassium was siimificantly (P/0,01)
influenced by beth phosphorus, soil type and their interaction,
The uptake of potassjum increased with increasing levels of
phosphorus, %4 and 83 plants had higher potassium uptake than
Sp plants, Vitheut thespherus, Sy plants had the hi;shest
potassium uptake but the trend from Py to P) in all soils was not

consistent,

L.5.h Caleium:
The effect of phesphorus and soll type on calecium uptake
was siimificant only at 9% level. Values increased with
increasing levels of phosphorus up to Fp after which there was

a drop, Calcium uptake was highest in S, plants followed by

51 and then 33. Interactien effects were not significant,

L4.5.5 Mammesium and Sodiums:

Magmesium uptake by plant top was sifmificantly (P/0.01)
influenced by phosphorus addition, There was an increase in the
uptake with increasing levels of phesphorus up te P, beyon?! which
a decrease was observed, The effect of soill type was significant
while interaction effect was simificant only at 5% level,
Sodium uptake was not affected by level of phosphorus, soil type

and their interactiocon.
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L.6 Iffects of phesphorus level and soll type an mutirient

concentration (%4 dry matier) in plant romts:

Table € summarises the concentration of various mutrients

in the plant roots.

L.6.1 Nitrogen: T o _: |
Nitrogen concentration in plant roots was not significantly
affeeted by thosphorus additions, However, values increased with
increasing levels of phnsphorus. While sell type sigmificantly
(P/0.01) affected nitrogen concentration, with 34 and S3 plants

having higher values than S5 plantas, the interaction effect was not

significant. _ i

h.6.2 Phosghofus: | : _

Phosphorus applicatien sigmificantly {P/0.05) affected
phosphnrug concentration in plant roots. Values increased with
increasing levels of phosphorus, The effect of scil type on
thosphorus concentration was highly significant (P/0.01). Values
were higher in S5 and $q ploants than in S,. The interaction

effect wag however not sirnificant.

L.6.3 Potagsium, Calcium, Masmesium and Sodium:

Treatment effects on the root concentrations of potassium,
caleium, magmesium and sodium were not significant, except for

sodium where soll type sifmificantly affected its crncentratiom.
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Table 6: Fffects of phosphorus level and soil type on wmutrient
concentration (% Ary matter) in plant roots,

Treatment N P K Ca Mg Na
Pp 91 2.03c 0.07¢ 0,56 0.27 0.14 0.03e
Py Sp 2.28be 0,08be 0,61 0.17 0.1y 0.041e
Fo S3 2.63abc 0,15ab 0,62 0.28 0.15 0,08bed
P, Sy 2.82ab 0,13abec 0.65 0.20 0.18 0,04de
Py S» 2 .05¢ 0,09bc 0,47 0.18 0.15 0,0Lde
Py Sq 2.66ab 0,16ad 0,81 0.3  0.20 0O,1ka
P, Sy 2,87ab  0.16ab 0.64  0.14  0.17 0,0Lde
Pp Sp 2.,1Tbe  0,10bc 0,52 0,23 0,15 .0,0Lde
P, Sq 2,75at 0,16ad 0,57 0,26  0.16 0,10ab
Py 8, 2.68ab  0,1Labe 0,61 0.2l 0.16 0,05¢cd
Py Sp 2.54abe 0.11be 0.60  0.19 0.14 0,0Lk%
P3 S5 2.50abe 0.15ab 0.58 0.27 0,17 0.11ab
P), 84 3.15a 0.,21a 0,63 0.23 0.17 0.05ca
P}, S 2.,24kbe  0,10be 0,51 0.22 0.13 0,0%¢cd
P), S5 2.5habe 0,19a 0,60 0.28 0.16 0,09be
SF + for P NS 0.01% NS NS NS NS
SE + for 5 0.09%*  0,01%* NS N3 NS 0,01%#
5" + for P x € NS NS NS ns NS NS

¥, ¥ NS = Significant at P/0,05, P[O.m and net simificant 2t
{PZ0.0S) respectively,

Menns followed by the s-me letter(s) do not 1iffer sirnificanfly

at ¥/0.05 according to Tuncan's New 'ultiple Yange Test,



4.7 Effects of phosphorus level and soil type on nutrient uptake
by plant roots (mg/pot):

Tatle 7 shows the uptake of nitrogen, phosphorus, potassium,

ealcium, magnesium and sodium,

¥xcept for phosphorus, where the application of phosphorus
significantly (P/0.05) affected uptake, treatment effects and
their interactions did not significantly influence mutrient
uptake, Generslly uptake by plant roots were lower than plant

top uptake for all the mutrients investigated.

L.8 Conrrelation matrix for 2L srowth attributes of 3. hameta cv.

Verane in response to five phosphorus levels and three soil types:

The correlations amons 2l growth attributes as affected by
phosphorus level and soil type are shown in Table 8, Period
from sowing to 504 flowering was positively and significantly
associated with 1000 —seed weight but negatively related to
numbers of inflorescences and sgeeds, tctal plant dry matter
vield and uptakes of N, Py, K and Mg. The correlatiens of plant
height with stem, seed and total plant yields were siymificrnt
while those with leaf percentage and plant top concentrations
of K and Mg, even though sigmificant, were negative,

Vhereas the relationships between leaf dry matter yield
and plant top an! tetal plant yields, 1000 - seed weight and
geed yield were positive and sigmificant, that between leaf
percentage an’ these parameters, where significant, were
negntive., Similarly correlations between leaf dry matier
vield and plant top N, F, ¥ an! Mg uptakes were strong an
positive but these between leaf percentage and these elements
were strong mostly in terms of concentration rather than uptake

except in the case »f K,
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Table Tt Effecte of phoaphorus level and soil ty.pe on mutrient
uptake by plant roots {mgz/pot).

Treatment M E K Ca Me Na

Py 84 Lo,0 2.0b  11.0 5.0 3.0 : 1.0
Py So 60,0  2.0b  16.0 L0 L,0 1,0
Py 8q . 60.0 3.0ab 14,0 6,0 3.0 2,0
Py 59 | 70,0 3.0ab 16,0 5.0 L4 1.0
Pt Sp _ 70.0 3.0ab 16,0 6.0 5.0 1.0
Py %y 60,0 L,0ab 19,0 3.0 5.0 3.0
¥k, 84 70.0 3.0ab  14.0 3.0 h.0 1.0
Py 8, 80,6  L.0ab 18,0 8,0 5.0 2,0
Py Sy _ T 70,0 }.0ab 14,0 6,0 L.o 3,0
Py 5 70.0  3.0ab 16.0 6.0 hO 1.0
Py g, v 90.0  L.0ab 20,0 6.0 5.0 1.0
P3 33 : 50.0 3.0ab 12.0 5.0 3.0 2.0
Py S, 80,0  5.0ab 16.0 5.0 )0 1.0
P) S, 80,0  L.0abd 16,0 8.0 4,0 2,0
Py, Sq 70,0 ;S.Oa 16.0 7.0 Iu.o | 2,0
SE + fer P NS b.h* NS | .Ns N NS
SE + for é NS NS NS NS NS N3
SE + for P x 8 N3 NS NS NS NS NS

#; NS = Significint at P/0.05, and net sigmificant at /0,05,
regpectively.

feans followe” by the same letter{s) o not differ si;nificantly
at RLO.US accord ins to Punerm's New Multiple Poange Test.
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Table §: Cerrelatien matrix fer 24 grewth attributes of S, hamata ov. Verane in resvense to five phespherus
levels and three seil types.

1 2 3 4§ 5 6 7 8 9 -0 11 1213 1 15 16 17 18 19 20 22 2 23 2
1 1 _
2 JOh
3 =45 .10
koo 0 B2 .

5 =50 55 R B

6 =59 26 30 A S

7 =38 210 52 JOh 2 M0

E.=e55 55 36 62 67 63 37

9 =0 57 JH9 68 L0 67 61 L9

10 415 =o4k b =29 =55 =17 .50 =48 <26

1M =20 26 12 B0 2 .25 =20 W36 W27 =52

12 =e16  J05 .36 02 20 =19 A 06 .18 .19 -.08

13 =83 A8 W51 35 53 W28 W52 W31 6 15 02 86
L ol =G =l =uTl =02 =33 =a22 =aS6 =e58 W37 =a21 =437 =ih7

15 =e52 W50 32 58 97 WA 29 465 W71 =38 2B 22 A3 -59

16 =61 .53 9 W72 1 W68 Bh J92 W98 =u33 A5 16 b5 =58 J72

17 =o25 =20 A3 <02 =,05 422 50 =07 10 .52 «.38 .29 A1 =06 03 .03

18 =019 =u27 W39 =002 Q07 15 &30 =210 O 37 =e21 425 28 =o02 =o01 =03 7

19 =a11 =7 o35 =e19 =1 =0 oAb 78 =20 76 =ih .36 .36 415 =2h =25 T2 JSh

20 =26 =42 W19 07 =5 0 11 =28 2,16 L3 16 =01 =01 11 =18 ~a11 21 28 A9

21 =eB2 W19 T8 I7 38 W57 W76 52 o9 2B =13 L0 56 =35 A5 62 78 0 ,P W03

22 =39 07 57 o35 o352 M9 65 MO Sl 27 =e05 229 M8 =29 MO S0 65 7 A2 A1 79

25 =57 W07 56 40 W1 450 W86 WBE W66 38 =012 A3 65 =33 37 60 W63 A5 W55 W21 W86 JA

2 agf? I WTD JE5 W52 G622 5B W7D W80 =13 W22 W1 M7 =A5 SR WP L1105 0 25 W58 W7 69 9

Positive or negative values groater than 0,29 and 0,38 are sigmificant at B/0.05 and F/0.01 respectively.

1 Days to 50 flewsring 13s Nodule dry matter yicld (g/pet)

2 Plant height 1% 1000=saed weight (=/oot)

w Number of branches 15. Seed dry matter yield (g/pot)
Number of inflorescences 16, Total plant dry matter yield (g/pet)

5 Number of seeds per pot 47. Plant tep K cenc. (%Dm)

6 Number of nodules per pot 18¢ Plant tep P comc. (¥ Dm)

7 Leaf dry matter yield (g/pet) 19. Plant tep K conc. (¥ Dm)

8 Total stem dry matter yield (g/pot) 20« Flant tep Mg cemc. (¥ Dm)

9 Plant tep dry mattew yield (g/pot) 21, Flant tep N uptake (mg/pot)

10 Leaf percentage 22, Plant tep P uptake (mg/pot)

11 Root dry matter yield (g/pot) 23, Plant tep K uptake (mg/pot)

12 1000-nocule weight (g/pot) 2, Plant tep Mg uptake (mg/pot).

s y
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Root yield wns simnificantly but negatively related to plaunt
top N and K concentrations but not to their uptake,

There wes a simificant and positive associrtion between the
number of inflorescences and the mumber of seeds as well as seed
yield, tut the rumber of inflorescences was negatively associated

with 1000-geed weishte
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CH.PTIR FIVE:

DISCUSSION
5.1 Soilp:

The 0.8, to 1.06% organic carbon content of the experimental
soils was slightly higher than that reported for most West African
Savanna soils (Jones and Wild, 1975). Whereas the nitrogen
contents of the essentially sandy loam Samaru and Sokotc scoils were
within the low level characteristics of most Savanna soils (Jones,
1973), the value for Jos soil was much higher., Only Sckoto soil
recorded phosphorus within the critical value of 13,5 to 17.5 pmm
credited to Samary soils (Monehansyah, 1977). ‘lthough the ‘@:lcium,
marmesium, potassium and sodium requirements of Verano stylo have
not been determined in Nigeiia, the lack of response of most field
crops to these elements in the Savonna regiun suggests their

probable presence in adequete amounts.

5.2 Plant morphological attributes:

In both Samaru and Jos soils that were more deficient in
available phosphorus, the addition of phosphorus caused a reduction
in days to S50 flowering and increases in the mumber of branches
and nodules., Without phosphorus, plants grown on Sokoto soils
flowered earliest and had the highest number of nodules presumably
because the soil contained the hizhest amount of phosphorus, Jos
soil plants grew tallest probably because of the higher scil catiom
exchamye capacity, organic carbon and nitrogsen contents, In
addition, Jos soil wns more clayey, implying grester moisture
retention which would be important particularly in the upper soil

layer where most of the roots ¢ coucentrated., It wns not immediately



clear why the Jos soil based plants still required more phosphorus
for height maximisation than Samaru and Sokoto soils that had lower
and higher initial phosphorus levels, respectively, The reliance
of seed production on phosphorus is reflected in the highest number
of seedsg produced by plants grown on unfertilized Sokoto soils.
However, phosphorus application aims at overall plant productivity.
Consequently the clayey Jos soils which responded well to phosphorus
fertilizer and utilized this in producing the greatest seed numbers
is of agronomic significsance, It might be suggestive of the
potential of the Jos area as a Verano seed production centre.
Phosphorus and soil were expected to have affected inflorescences and
seed mumbers produced equally; but inflorescence size and therefore
flowers/inflorescence were not measured, hence seed number x seed
size perhaps might be n more important factor for consideratiom,
The fact that plants grown on all the three soil types responded
to phosphorus application as revealed in the various growth
attributes examined confirmed earlier observations that Samaru soils
were deficient in available phosphorus (Fnwezor and Moore, 1966),
The results also indicated that phosphorus fertilization could speed
up growth and time to maturity of the legume in these Savanna

ecological zones with characteristic short rainfall dursation,

5.3 Plant dry matter yield:

Without added phosphorus fertilizer, Sokoto scils accountc!
for the highest, and Sam~ru soils the lowest leaf, main stem, seel,
plant top, nodule and totnl plant (above + below = Fround) dry

matter yields while Jos soils supported the highest branch, total
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stem and root yields, flthough phosphorus application inecreased
total plant and plant component dry matter yields, root yield
tended to be the least affected and even registered lower values
in some instances such as at 60 and 180 kg P205/'ha (Sokoto soil)
than without phosphorus. 1% would therefore appear that above o
and below-ground Verano stylo parts responded differently teo this
element and that it was made greater use of in building up the
top portion normally available for animal consumption, Abdullahi
(1981) observed at Shika that dry matter yield increases occurred
when perennial stylo (S, guianengis) cultivars were phosphorus
fertilized,

The regponses to phosphorus obtained were largely consistent
across yield components and proportional to the physical and
chemical characteristics of the soils. For the Samaru soils, the
highest yields at 180 kg P205/ha did not differ significantly from
the lower values at other phosphorus rates, Fertilizer phosphorus
had little effect on Jos soil in terms of leaf yield. However,
with regards to most other plant component yields, addition of

120 kg P205/ha to Jos soil tended to be adequate tut then

remarkable yield increases were recorded again at 2L0 kg PpOg/ha.

The suggeastion would be that the lower rate be applied for forage

yield and the higher rate for seed produection, Pasture
improvement and development programmes in Nigeria have go foar
depended essentially on imported seed, Local seed production
should cut down on costs, especially foreign exchange, =and in
turn justify expenditure on use of the fertilizer dopes.

Predominantly sandy Sokoto soil was credited with the highest level
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of available phogphorus., Nevertheless plants grown on it responded
to phogphorus, even if to a leiaa ma.{a:nitude thaﬁ w#s observed for
Samaru and Jos soileg, The indications were that phosphorus at

the rate of 60 kg ons/ha sho?1d puffice for Sokoto soils while this
amount misht be the minimum.réﬁﬁired to support Samaru secil grown
Verano pastures,

Beed size was actually depressed by added phosphorus except
for Sokoto s0il in which application of 120 kg onsfha resulted in
1000 - seed welght values higher than thnt without fertilizer.
Consequently the objJective of phosphorus application should he to
increase seed rnumber rather than seed welgsht. Similérly, leafinegs
or leaf percentage was relatively unaffected by phosphorus
application, Jos soil summortes Tl-vte with the least leaf
percentare, Greater leaf retention by Sararu and Sokoté scils than
Jos so0il would indiecate the appropriatenesg of the latter for leafy
forage producticr. Leaf yield is a function of leaf rmumber and

leaf aize or waipght per leaf.

5.4 Futrient concentration and uptake in plant tops and roots:

Génerally increasing levelg of phosvhorus increaséd the
concentration and uptake of esgential slements in the plant.
sndrew and Robing (1969) and Jones {1974) reported incresses in
the concentration of unitrogen and phosphorus In the plant tops of
S. pulanensis as a result of addition of phosphorus fertilizer.
rccording to Milford and Minsom (1965), the miniwum required
nitrogen (V) content of tropical hays is about 1.12% (7.0%6 crude
protein)., Por other mutrients such as phosphorus, potassium,
caleium, magnesivm and godium, the requirements are 0,12%, 0.LO%,

0.20%6, 0.204 anl 0,084 respectively {Boudet, 1975)., The vnlues




obtained for mutrients other than sodium in the present study are

well above these minimum requirements. It would seem that, for
any of these soils, addition of phosphorus up to 2L0O kg PpOg/ha
(Ph) will be beneficial in view of meeting mutrient requirements
of ruminants,

The inereasing levels of these mitrients with increasing
levels of phosphorus is expected since phosphorus is a very important
element in proper root development, FPhosphorus is also important in
nitrogen fixation and nodulation, hence its significant effect on
nitrogen concentration and uptake,

Days to 50% flowering, important dry matter yield components,
mtrient concentration and uptake which rose in value as phosphorus
level increased were all sigmificantly interrelated, This suggested
that any of the attribute involved could be predicted from the other
provided the values are (dependent or independent) component were
made available,

From the abecve discussion, it can be conclusively recommended
that Jos soils are suitable more for seed than for forage production
of Verano stylo with application of 240 kg PpOg/ha (or above) since
the soil was low in rhosphorus and responded well to its application.
Samaru and Sokoto soils, however tended to be more appropriate for
forage rather than for seed production, with applications of 180
and 60 - 120 kg P20g/ha, respectively. This experiment was conducted
in a glasshouse under semi - controlled conditions. Field
experiment should be undertaken to confirm further, the validity

and relevance of the above recommeniations for the various ecologicel

ZONCg. -
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CHAPTER _S1Xs

SUMMARY AND CONCLUSION:

A pot experiment was conducted in a glasshouse at the
Institute for Agricultural Research, Samaru (11° 11'N, 07° 30'E and

. 686 m, above sea level) between June and September, 1989 to
determine the effects of five phosphorus application levels viz.,
0, 60, 120, 180 and 2L0 kg P205/ha and three goil types sampled
from sites at Samaru, Jos and Sokoto in the Northemrm Guinea Savamma,
Montane and Sudan Savanna zones, reaspectively, on the growth of
Caribbean stylo (Stylosanthes hamata cv. Verano),

Most of the plant growth atiributes examined, were significantly
affected by pthosphorus, These included mumber of days from sowing
to 5% flowering; wnumbers of inflorescence, meeds, brauches and
nedulesy components of plant top dry metter yield; and plant nutrient
composition and uptake. For Samaru and Jos soils, phosphorus
reduced days to 5@ flowering and increased branch ard nodule munbers.
Without phogphorus, plants established on Sokoto soils flowered
earliest and produced the highest mumber of seeds and nodules, Thisg™
was explicable In terms of this soil being richer in phosphorus than
either S8amaru or Jos soil, While phosphorus application increased
yields of the total plant (above and below ground) and plant top
{leaf + stem + seed), yleld of the root component appeared the
least affected and was even lower, for example, at 60 and IBO kg

ons/ha thon without phosphorus, Phosphorus thus tended to play o

greater'role In increasing plant top growth anl development,
The gtudy suggested that Jos scll was sultadle for zeed
production and could require up to 240 ke PQOSXha for this purpose,

or half this rate if it would be used for forage production. Samaru
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and Sockoto soils supported plants with greater leaf retention,

The suggestions were that they would be appropriate for foroge
production, with applications of 180 and 60 - 120 kg chs/ha,
regpectively,

Nitrogen (N), phosphorus (P), potassium (K) and magnesium (Mg)
concentrations reached maximum levels at 180 kg P205/ha whereas
between 120 and 180 kg Pp0g/ha was required to bring the uptake of
these matrients to the highest levels, N, P, K, Ca and Mg
concentrntions as obtained in this study were above the minimum
required for the maintenance of ruminamt lgveweight. The conclusions
were thnt Verano seed production would be best in the Jos area while
the plant could be grown for forage In the Samaru and Sckoto
environments, Fxtensive field triales would be necessary to vnlidate

the results of this glasshouse experiment,
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