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The compatibility and persistence of 18 grass-legume associations
 

and the effect on forage production and quality resulting from the inclu

sion of a legume into the sward was studied from May 1972 to February
 

1973 on the coast of Ecuador. Three and six week clipping frequencies
 

were used on Panicun maximum Jacq., Pennisetum purpureum Schumach,
 

Hyparrhenia rufa (Nees) Stapf., Digitaria decumbens Stent., Cynodon plec

ciliaris (L.) Link, each of
tostachyus (Schum.) Pilger, and Cenchrus 


which was subjected to five treatments. The control and N fertilized
 

of each grass species, while the legumes
treatments were on pure stand 

Centrosemaubescens Benth, M.:rootiliun atropurpureum, and Desmodium 

intortum (Mill.) Urb. were incorporatcd with the grass species in the 

remaining three treatments. P. purpureum outyielded (P<0.01) the other 

grass species, followed by P. ma-imum, during the wet and dry scasons
 

of each clipping frequency, while there was iio ditference (P>O.05) between
 

the highest yielding N fertilized and C. pubescens treatments. Although
 

N fertilization resulted in a greater overall production of dry matter,
 

the incorporation of a compatible adapted legume resulted in a higher
 

quality sward in terms of crude protein yields.
 

ix 



INTRODUCTION
 

Domestic demand for beef and the potential for foreign export have
 

stimulated a growing interest in the production of livestock on the
 

coast of Ecuador. The extreme variation in topography and ecology
 

found within this area prohibits the mass recommendation of agricultural
 

technology imported from the more advanced tropics without first ob

taining regional information and isolating the factors which limit pro

duction for each of the distinct coastal zones.
 

At present major emphasis for improving commercial livestock
 

production is being placed in the region Quininde, El Carmen, Santo
 

Domingo de los Colorados, and Quevedo, with research efforts being
 

centralized near the latter. The tropical forage research conducted
 

by the Instituto Nacional de Investigacion Agropecuario (INIAP) has
 

been concentrated at their Estacion Experimental Tropical Pichilingue.
 

In recent years this research has primarily been concerned with Phase I
 

(Mott and Moore 1969) "species introduction" and Phase II "environmental
 

evaluation" with a small number of random clipping and fertility studies
 

on species selected for adaptability, dry season viability, and overall re

sistance to disease and weed infestation. However it has been clearly ob

served that the principal factor reducing both the quantity and quality of
 

forage produced is the uneven annual distribution of rainfall which sub

sequently effects animal gain and percent calf crop. The decline of
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forage nutritive value during imbalanced seasonal production indicates
 

a need for more information on the effects of pasture management,
 

grazing management, nitrogen fertilization, supplemental feeding, and
 

the incorporation of compatible tropical legumes into the pasture.
 

Although most of the tropical legume species currently in use in
 

other areas of the tropical world originated in the Latin American
 

tropics, their potential in domestic livestock production has not been
 

fully exploited. This stems from the lack of adequate knowledge of the
 

overall contribution of tropical legumes to pasture quality and animal
 

production under wet-dry tropical conditions. Fundamental to this under

standing is a comparison of nitrogen fertilization of pure grass stands
 

with the incorporation of a compatible legume from the standpoint of
 

the quality and quantity of forage produced throughout the year, which
 

in turn will dictate suitable carrying capacity and grazing management.
 

The following study is designed to provide information on just such
 

a comparison, as well as to establish a solid basis for the development
 

of a production feeding system in the Quevedo area based on grass-legume
 

The objectives of the study were to analyze the compatibility
associations. 


of 18 grass-legume mixtures, their persistence under the existing wet-dry
 

tropical climate, and the effect of the legtue on overall forage production
 

and quality. Since compatibility is a function of the species growth habit,
 

both tall and short, bunch and rhizomatous growth habit grass species were
 

used in combination with creeping and twining growth habit legumes. Also
 

since persistence through the wet-dry climatic pattern from the point of
 

view of animal production includes periodic defoliation, a grazing rota

tion management was simulated using two clipping frequencies and their
 

cowasequent recovery intervals.
 



REVIEW OF LITERATURE
 

The Republic of Ecuador obtains its name from the fact that it is
 

situated directly on the equator between 0125'00" north latitude and
 

05"00'41" south latitude (see Figure 1). Its northern boundary is the
 

mouth of the Rio Mataje on the Colombian frontier, and its southern
 

boundary is formed by the union of the Rio Chinchipe and the Rio San
 

Francisco on the Peruvian frontier. Ecuador extends from the Galapogos
 

Islands (Archipielago de Colon) in the Pacific Ocean to the Amazonian
 

region on the eastern slopes of the Andean Cordillera Real, with main

land Ecuador lying between 8100'00 west longitude on the Pacific coast
 

and 7511'27" west longitude at the union of the Rio Aguarico and the
 

Rio Napo (La Puntilla) on the Peruvian border (OEA 1972).
 

Existing Situation
 

Physical Resources
 

Ecuador has a total land area of 28,256,000 hectares of which
 

2,843,000 hectares are arablc (FAO 1971). According to the Survey for
 

the Development of the Guayas River Basin on the coast of Ecuador con

ducted by the Pan American Union in 1964, the western coast of the
 

country contains 950,717 hectares of fertile alluvial soils resulting
 

from the erosion of basic igneous and volcanic rocks of the Andean
 

slopes to the east. Of this, 600,453 hectares are located in the dry
 

tropical southern flood plain of the coast, while 350,264 hectares having
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Figure 1. Map of the Republic of Ecuador
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excellent soils are between the town of Quevedo and Santo Domingo de
 

It is within this latter region that the Government
los Colorados. 


of Ecuador is currently emphasizing the development of the commercial
 

beef cattle industry, although the entire region north of Quevedo,
 

some 767,250 hectares, has been classified a colonization region of
 

This is a forested area
high settlement capacity (Pan Am Union 1964). 


with undulating to level land which requires no irrigation, and which
 

at present contains a low to moderate population density except for
 

A high rural
concentrations along roads, rivers, and around towns. 


population exists on 50,250 hectares with a population density of 14
 

people/km2.
 

The 1962 national census for Ecuador reported a total population
 

. The
of 4,476,000 and a total population density of 16.5 pzople/km
2
 

OEA projected population estimate for 1971 was 6,297,000 with a density
 

of 23.3 people/km2.
 

FAO statistics for 1970 indicate a population of 6,093,000 and a
 

total cattle population of approximately 2,500,000. This results in
 

roughly a 3:1 ratio between the human and the cattle populations. How

everthe human population growth rate, currently set at 3.5% for the years
 

1971-1975 and 4.1%0 for the remainder of the decade (OEA 1972) exceeds the
 

annual increase in the cattle population which rose 2.5% between 1969-1971
 

(FAO 1971). It is this widening gap bctween the two growth rates which
 

is the source of co:icern for governmental strategists.
 

Nutritional Needs
 

Total animal protein consumption per capita per day in 1970 was set
 

at 15.1 grams which is a steady decline from the 16.2 figure of 1961 (FAO
 

At the same time, the total per capita protein consumption., in1971). 




eluding the aforementioned animal protein data, was 45.5 grams/day.
 

This, too, has declined from 47.1 graiqs/capita/day in 1961, and when
 

compared to the 64 grams/capita/day figure established as the recom

mended minimum daily requirement by the Food and Nutrition Board of
 

the National Research Council of the United States (Bogert et al. 1966),
 

the deficiency becomes readily apparent.
 

The Junta Nacional de Planificacion y Coordlnacion Economica (1964)
 

established nutritional requirements of 36.3 grams of animal protein/
 

capita/day and 72.7 grams of total protein/capita/day. In 1968 Ecuador
 

was 40.8% deficient in per capita animal protein consumption and 26.4%
 

deficient in total per capita protein consumption, respectively. These
 

calculations show somewhat of an improvement over 1963 which had a 50.1%
 

deficiency in animal protein and a 34.0% deficiency in total protein per
 

capita consumption.
 

Climate
 

Due to its equatorial location, the climate at any given point within
 

Ecuador is directly dependent upon the relative elevation. For example,
 

the capital city, Quito, (00012 ' S) at an elevation of 2,818 metcrs (9,252
 

ft) has a mean annual temperature of 13.4*C (56.1°F), whereas the city of 

Guayaquil (02010 ' S) at an elevation of 6.1 meters (20 ft) has a mean 

annual temperature of 25'C (77*F). Although topcgraphy plays a decisive 

role in the life style and agricultural diversificztlon of Ecuador, climate 

for distinct regions of the country are also Influenced by proximity to 

the Pacific Ocean, atmospheric pressure, rainfall, and seasonal marine 

currents. This io reflected in land use and the pattern of population 

distribution. 
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The northwest coast of South America is unique mnong other areas
 

of similar elevation at that latitude in the tropics because of its
 

relatively low annual temperatures. There are two reason!, for this.
 

First, the llunibolt Current brings an accumiulation of colder water from 

higher latitudes very close to shore, and secondly, the wirds in this 

region are associated with the high baromtric pressure of the Pacific 

anticyclone (see Figure 2). From May to Decer er the winds are nearly 

rainless and often envelop the coastal strip in fog or low clouds which
 

shut out the sun (OEA 1972). It is during this ti. e of arid atmospheric
 

conditions that the coast experiences its characteri.src dry winter sea

son. However, icz-ediately following thl period, the warn waters ori

ginating in the Gulf of Pana:. which forn the El Nirio Current cross the 

equator and swe'ejp along, the ':cua~drijn coa;t cau!ing considerable con

vectional and oro,,,raphic precipitat ion ltlanid. Thi s condition norrully 

continues throujIh April and Is rtespon!ible for the sur .r raily season. 

The highest annual temperatures occur during the months of .aximurt rain

fall (Griffthv !965).
 

Howver, climatic patterns based on the interplay of ocean currents 

and their s!;ociatd trade winds are not generally consistent from one 

year to the next. Although the aIr-ount of precipitation that falls over 

a range of yearn miy appear untlorm, ita dfitribution, within these years 

May have varied considerably. It Is this unreliability of rainfall from 

one year to the i,,xt that IN tli principal cliv.,tic lilitatlon to agricul

turn throughout the Gt;uay.-! Jiarl" iond the iidjoinlng coaut, evcn in areas 

vith awirage annua l rxiltut , aurplu-i ('.n An iUnion 196"1). 

'the EataIon Experir Lnt4l Troplcal iIchililngur, 0106' 5 anti 79029' We 

Is located in the Canton, Quovodo, Provlncia do loe Mion, 15 kilometers 



liouro 2. Ocean Currents and the Pattern of Prevailing Winds
 
Atfectlng Meteorolog;cal Conditions 

1 B ille 

-11 usualsege0"a'" I..u 

0B*44 

7 a asis Ro oAm 

Laboratories. Ft. Ham=outh, Now Jormay. p. 31.
 



south of the city of Quevedo, at an olevation of 73 meters (237 foot).
 

The Sorvicto Nacional do eteorologia e llidrologia del Ecuador 1970
 

data from the station report a miean annual temperature of 24.7C (77*F), 

an average rmaxtrium ttewperature of 3'4.5"(' (95'F) and an average t.iitnum 

temperature of 17.1'C (631'), an annual ranf.tll of 2,208 r' (87 inches), 

828.7 hours of tunllijht per year, and a atwan ainul Relative 1uiilidi ty of 

85%. 1hiP, would place Plichillii v andl the (';ivvdo area in the "lropical 

hoist Forest" (f Iloldridget-i Clsa-!Iffcatlon of World Plant Funait ions 

and Natural L fe Zones. In fact, tLeM area marks the gradal transition 

from deciduous to evesgrcen foresti and from the standpoint of huidity 

conditioni , It one of the r. ,mt favorable ,griculturat arca4i Lecause its 

annual rainfall equAb1| Itb potvtw.!,31 eval o-tran-.pi rat icn (l1.1n A3 Union 

1964). 3loldrldgeb' "'rrplcal aoiat Forest" clait haidLsonllacvapo

trangpiratI-ri ratio - 1.00 which confirms this agriculttlral potential 

(Holdridge 1967).
 

Fligure 3 presents the monthly rainfall rangt. and the rainfall 

pattern for the period 1959-1970. Diurlng this pervod the yearly rain

fall total riin-d fritm 1,236 r.m (49 incheO) to 3,COS r;n (119 Inch.l), 

while the r-anthsly rxtrcroe raried ftoa 0.1 rin (July) to 629 r:i (January), 

The monthly t t:;e.rt ratn from absolute of (July)rc 4cd in r1rittsw 17.1C 

to an absoluter:ay'1:,,:: of 34.lC (Ocr:tcLet). Altho~ugh the tcrperature 

variation it relatively unt1orm both within rand betc-tn years, the rain

fall diatrlwtioni fr ,Xtre-e. 1/he !apn |'luviw-,ctt?|co ParcWal drl rcuador 

(1931-1960) of the ,urvicio ac( lonal de Xwoteuoluy-Ia 1droogl a denote 

the Quevdo arva with aln 2,."00-3,000 annual IAuhyet rit s'own '.iFigure 4. 

These isohyoto charactert:e the rain(all pattern of the !cuadorian U.ttoral, 

and Indicate the incrensing precipitation an one moves northward along the 

http:o-tran-.pi


F?1ug 3. Xea Mmthly Rainfall Dta 
[Serviclo Xac o al de Meteorologia 

for the Pichiinse Experiiental Station 
Hidrologla del Ecuador (1959-1970)] 

Colans represent 1972 rainfall data 
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coast. However when It Is realized that 93% of the annual total fallo
 

in the nix month period December to tt4y, (with tho highest rainfall oc

curring in Karch 6nd April) the vt-dry troptral environpcnt to obvious. 

During the 1959-1970 periQd, the 6 month dry season rainfall at the 

Filchilingue Exportmnt St4tion 4voragod 5.7 r to 40.6 m, wheras 

during the 6 month ralny oetson, the rmnthly averages ran&e from 122,5 

M to 451.4 m. 

Norually the hiheost texperatures are exj)erieaced in the vonths of 

April and Yay with the lowest teeaperatiores )ccurtolg during July an4 

Auguat. Stron! southerly uin4o pr'vail durin# tie eonth of fly and are 

the cause of the high evapo-tra spiratio, rter which berm In ltrch 

and CIIGAX Int fly.
 

The weather coniticng oxptrI,;nct4 In the 4rourse of this expertrrn 

or* Illuit-atcl tn F|tgre 5. The y#4r 1972 vs 611thtly atypIcal In th4t 

the wonth of June #xperienced 360 tt* of rWet cot4rod to the aforesentione4 

average of 40.6 =. This cai be ex$flied by the prolcnged duration of 

the UI Nino Cufrnt v4o effect treroJ off towar4 the ve4d of tho nonth. 

However the dry season unthly totol ra.nfll fitures of 24 m (Sept.) 

68 (Aug.) and Cho annPal tolrA1 of 2.897 =4 (114 inch#*4) 6cill exeeed 

the nors for tho 12 ycar poriod.
 

The Qtwvodo area lies nr the line of darkcation of broadleaf deci

duous to ewvegreen broadloaf forvot. Its v etation is therefore broad

loat with discontlguou upper cinopy which allows a dense tangle under

story consisting of suall trees, shrubs, and herbaceous plAnts. Most of 

the largo buttress tree. with aerial rooto are inthe genera Ffett. with 



$1Sur3. Servlcft KAc-omal do Hteoroogia l drolog.a (9L-973)
Data f r om the P i ch il ugue Ex.prLmmetal S ta tf 
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characteristic Pambil palm (iPg 
 and bamboo (Guu u uti

121J2 becoming more numerous 45 one move, north. 
The principal timber
 

species are Moral L.)' 
 Jigua 0.10tandrA $an.),Flgue
roe (Cgrpag9u tensjs, Cerdo colorado ( oj, Colorado ( oj4
 

flP..), Cedro (Cedr!1 fI.NJiJ_, Aarillo do Guayaquil (K.nni)obiwm 

kieO),Caracoli dLrtm xOLl g ) ria (C4l0I..yllum lofwfoliu),
 

Guayacan (TUbk __,hrys. n Laurel
'* L%), (grdialaliodori) and Balsa
 

( ._LkaslnR 
 o). The latter two species are most frequently found in
 

secondary growth (Pan Am Union 1964).
 

Santillan (1971) reported the following woody species inhis I 
 -parr

sn iprgja pasture oxperizent at the Pichilingue Experimental Station:
 

broadleif weeds were Escoba (;144 geUt ), Lulo (1obLni 
 4carolinens),
 

5ledo Q rgnt!u _an__) CoJoJo (E3211JcTnSp.) and Flor do cro (A 

j.o).O. Gras. species Invaders were Paja brave (Paujlu nlPIMcuIatutr),
 

Jenjibrillo (raspau conjugistu), PsAU dO &411in4 (VigtarjItianallio)
 

and Paja de vtrgen (CSno n.dactvlon).
 

Soils
 

The Pan American Survey of the CU3y45 River Basin (1964) describes
 

the Gonmorphology of the Quovdo-Santo Domingo area as a northern dis

sected plain with moderate to low relief, low rounded hills, and many
 

entrenched streams. 
This alluvial plain includes Tertiarias incorporated
 

in Quaternary deposits. 
The soils are of recent volcanic origin with
 

slopes of 0-5% except where dissected by stream action. The topography
 

of the area varies from elevations of 20 to 65 motors.
 

The relief of the Pichilingue Experimental Station characterizes the
 

more undulating topography of the north coast and consists of a series of
 



mall flat-topped hills having steep slopes extending into small hollows 

and stream courses (l14rdy 1960). HIowver there are also considerable 

areas of flat alluvial ,olla in the larger valleys throughout the mean

daring courte of the Rio Quevedo. 

Although v4riitriotO In t oil type and texture exist within the lit

toral, ing 'n tl thiv11II i slithtly acid and the texture ranges from 

sandy clay to clay 1oxi.j. ;it tho 'lchllingue rxprim nt al Station the 

normal rout -. je, w.hich on p.,1tuto land ivvr.tgc. 8 iiche, Is well drained, 

and consists of 40-60 sanid, 20-4b': bilt, aund 6-64. clay. Hardy (1960) 

reports 4 mit~tuie tquiv.lrnt of 37.5% an!1 thti alpp.tront spe-cific gravity 

of the aggregated 0o1l os 0.98, which indicates that tIh so1l is struc

turally suitable ur r;ot penetrat ion, llo:vvrr,a lthough the !o1if1In Its 

natural C0o1di t iol th hi Illy u)ruti and i'l t he colicsion is weakpt 

and the consirtzticy be by cultl%.tion. 1his rchultb Incan barm.,d a 

dusty soil when dry ad a puidled 1n;)crviuw boil when wet. Mhen the 

latter &oil dries out it becoreue extrcmely hard and forms a firm brittle 

crust.
 

Frel (1957) classifies the Pichilinue soil group as Latosolic Relto-


Il to denote Inter,.4dlate stigos between the true immature Regoool, which 

forms over vulcatnic a ih. and the w:tture Latotaol. Hardy (1960) atntes that 

chemical analytil of this lPichllin:gue loam reveall. a n.rked deficiency in 

available photiphoru-., but an abundance of available pot as-iium. "/he soll 

nitrogen utatuti i'i fair to rodiu- on recently cleared land, but dcline, 

rapidly with cultiva tion. Ioth follar and i;oll aualysw' of cacao and cof

fee areas have reported high calciu. contents, r-oderate gmagnesium levels, 

and frequent deficiencies in boron, zinc, and sulfur.
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Tablo I presents a soil profile for Pichilinriue loan, and Table 2
 

reports the 5ol analysis on the experimental site used In this study.
 

The Comsiion de Etiudiui para el Veh,.jrrullv en ]a Cuence del Riu Gu4ya. 

(1970) gaw the Pichil:ngue oil st-ices a ,l C~til.,Tility Cl.ish rating 

of "III" Whit:h IdfCrb to .4 clay loar tex'tured 0oil Wtih WOJh~rtoly 

aevorv lri ti ont; which irduco the targo And yield of crop&. 

Forg e Pro,:Nction 

The currvot actVeh9 of n4tural and Improved pauturas in the Quevedo-


Uanto Domingo region has been sttirted (cU."GI: 1970) to bc 83,000 hec

taros Which 41V prosvntly LuppirtLin 40,000 head of cattle. Tbis re

sults In a catrrys tg eapai,ty of 0.5 .nfiL.At per hltct .4t* (0 ari- .1, t r 

5acres). The sec reta.t i: CE' era l dc Hani f $ciclon YV.,Iocc (196b) bus

eaIted In thett nationral ,gricutur4! nurvey ttat coastal I ittorl could 

support 1,022,005 head ol cattle on 777,336 1.ctartb o lr-lauvc-d atcJ on 

229,083 htctarv i of :i.tut'.A p, ,t-ure. Pata fron the PHchll ique Lxtwrt

mental rtat Ion i dilcatt t.at 1: .rovr] , aptirc rqt.c$cirs sch a5 Pvrir

henla r fa can -U[. L, t .5 to 3 wiluttli ;cr Lc,.t,re (:>antl li 1971). 

The uneven ua.onA1 dt. triLition of rainfall 4pptlrt to It* the prit"CI p4i 

limitlng factor in fora:e, Irciuction. Durl ni the ralb 7 ttcat0n there is 

an over-production of hIgl quality fora -.v wtich thi v.14.tli . livectock 

cannot utilliZ, Whl e dtirtip, the dry t.rneon, the for4y}e )rodliction And 

nutritive valu,, dv.cltit, to the point of Lateiy AtI . lt01:i11t anic"..1 hV ghLt. 

There for c, furlt 1.r tnvvi cit Ion Int o,ean Ic rat, ItA foragv avtil

ability thruughout the yar amnd raintaniring tLo nutritive value of dry 

season feed in urgently needed (Tergas 1972). 



Table 1. SOIL PiOFILE 

profile Descriptiont 	 Pichilingue Loam
 

PichilinguoAssociationt 

Los Rios
Province: 


Site Vicbilingue Experlmental Station
 

80 moters above Sea Level
 Elevatlont 


3%
Slope: 


Volcanic ash
Farent Haterialt 


Natural Ve~ettliont 	 Broadleaf deciduous 

CacaoActual Ube: 


Excellent Internal, excellent external
Drainawc: 


3/3 dry) loam, small
 
0-30 cm - Very dark irAytoh-brwn (10 Y4 

sv :a01 (3 t diumeter) Iro concentrations,
blocky vith iome 

lcjwr %oundary indistinct. 
moderate or.A.Ic m.ittoer, 1,11 6.2 

YU ./4 dry) clay loam, :mal] blocky,(10- Yellowieh-bruwn30-90 ce 

t.5 61i.,irp lo,.'.r boundary.m.-,tter. l:iltsoderate organic 

'IK5,/8 dry) clay with blncy. 	(10 YR 2/1 
cm plus - Yallowili-bruvo' (10 

siszc with depth,
Tlht txtles t,crt1te in

dry) mottlP. 

pil 6.0.low organic mtter,
blocky, otlcy uien w t, 

Survey of the DevalopyCnt of the Guayns 
River
 

Pon Amorican Union. 


basin of LEcundor. Deprttmnt of Economic Affairs. Pan 
Am Union,
 

Washington, D. D. 1964, p. 198.
 



18 

Table 2. SOIL ANALYSIS OF EXPERIMENTAL SITE
 

Depth of Sample: 0-30 cm 

pUt 6.1 

Z Organic Matter: 5.62 

Element Data As Reported Fertilizer Basis
 

ppm lb/acre
 

Phosphorus 28.3 57
 

Potassium 640.0 1,280
 

Zinc 15.5 31
 

Manganese 275.0 550
 

Sulfur 26.0 52
 

Copper 16.5 33
 

meq/100 g soil
 

Calcium 13.0 5,200
 

Magnesium 2.4 576
 



Forage Research - Pichilingue
 

Species Introduction
 

The annual research reports (INIAP 1965-1971) reveal that major
 

emphasis has been devoted to the introduction, selection, establishment,
 

and management of adapted tropical grass and legume species. 
This was
 

conducted on the basis of fresh weight yield, drought tolerance, free

dom from disease and weed infestation, and recovery from clipping.
 

Management
 

In 1965 it was noted that buffelgrass (Cenchrus ciliaris) performed
 

best under the existing climatological conditions when clipped at a 5-week
 

interval with 200-400 kg N/ha/yr. 
In 1966 it was reported that Pangola
 

(Digitarla decumbens) responded to 180 kg of nitrogen/ha and 135 kg
 

phosphorus/ha, but not to potassium, whereas bermudagrass (Cynodon dactylon)
 

responded to all three.
 

Nutritive Value
 

Paladines (1965) conducted a nitrogen fertilization-clipping interval
 

study on elephant grass (Pennisetum purpureum) hybrid 534 in a regional
 

trial 'outside the Pichilingue station (Mlagro), and he noted a yield res
ponse up to 200 kg N/ha/yr, but concluded that the 6 week clipping inter

val maximized both yields and nutritive value. 
Pantaleon (1969) conducted
 

a similar study on puntero (yparrhenia rufa) concluding that a clipping
 

frequency of 30 to 45 days provided the optimum leaf-stem ratio, as well
 

as the lowest crude fiber contents. Betancourt (1969) analyzed the res

ponse of guincagrass (Panicum maximum) to urea fertilization, and found
 

that although 91 kgs N/ha/yr gave the best leaf-stem ratio, 273 kgn
 

N/ha/yr yielded the most protein.
 



BuffolBrass was shown to have the highest overall crude protein 

content (average 13.9%'.) and the lowest fiber content (31.3%) when com

pared to guineagrass which had 12.1% protein ani 31.9Z fiber, Pa1 40la 

(11.0% protein and 31.9Z fiber), and Puntro with 1O.O' protein and 

31.6% fiber (INAP 1965). In 1967. 90.9 kg of nitrogen yieldtd 37.4 ton/ 

ha of guineagrass and 84.5 tons/ha of elephantgra-it;. Ilptiantgrabti proved 

to have the highest crude protein percentage after both 30 da> s (15.1%) 

and 75 days (10.5%), while a]so containinig the w;nal1letst ptrcuznt ge fier 

(27% after 30 days and 30.8% after 75 days). Titt r,,ly be the retjlt of 

inadequate sampling (i.e., analyzing l:af t',tterliAl only). 1ufftIgraii 

showed the greatest decline in protein content over this purilod (14.8% 

to 8.4%). In this study the guineay,,ras,; crude protein cuntunt rangetd 

from 8.8% to 14.3%, In 1966 the was to 19.2%.while the study r.sngt,' 5.2% 

In a clipping trial with 30, 45, and 60 d..y Izttl:vlt:;, It ws dlt.covered 

that guineagrass flowered after 30 days wheroa, ci.'hztr t and P'untero 

flowered after 45 days. Since it Is generally true that nutritive vilue 

drops at flowering from a grazing animal point of view, It wah concluded 

that 60 day clipping intervals were too long. 

Establishment
 

During the years 1966 to 1968 three different seeding rates were re

ported as optima for Puntero. They were 3 kg seed/ha at one meter %pncinCu, 

13 kg seed/ha at 75 lid/h50 cmcm to 1 meter spacing, and 13 ig at 

spacings. In 1970 it was noted that llan,,,ola and bt'rnaidagrau wfere very 

slow to establish and required two thorough weedlngt. Guinegrasn yielded 

21.9 tons/ha and Puntero yielded 11.7 tons/ha in that same year. 



A study of 8 gra-l.umea aticnoi v~. CoNdued in 1911 vsp 

lible u#t 

the best accopt@4 by l YIw0a#Iuale fotoa4 tropical kdt¢ 

tollWWOO Waire;l~owl to o th @ 00 co(1 

t Th 

rilny g4tlo) lncI e thsw #l.vwilethe rorfirprol~ln conte6i Afp 

*ARCO of Siratro vpir frtir.eus) Via; 4ovofely liaittJ due to 

the presence of lea blight. Attil.d of n year. tte _ieacctr 

association h84 M arace ani 1#e4a4W. 

Whlen other plant nuitrient f@qtfOi tAnt# Pr 4 ittalt 0 if, tbo mit 

factor rootricting tio , Vrh4ctfl en pAtrItIVO V41W Of toOpiah ttire

(5aleotte 19701 Dryan 1962). The qums~titv of ottrogo requtreJ for high 

producing trapic4i gra#*l,4fJ* ekte# th44 rejuseftor tc#perat. rom'es 

becaue ofloseng, altrifeation, very hIiroth rI; toLatropical
 

$rage speciesl nj ltW !w'antiof livallobe 1ltro~c"foimdIo tropical 

foil# (H962ol %Yinmnto=Chanwl~r 4ft4 rig1r0lla (19HI) ,o#d tbh.t 

tb. application of C00 to 400 lbA of aitrogent per acr@ at the sond of the 

rainy #soon Increa&#d the protein content of 3 succeooive dry season *a*-

Plings without ncresing overall yield. K114wwr, Little Ot 41. (1959) 

found that bothi the yield and the protein content of m~porgmos (t.= 

purtum), guiftoagrabs, and Pangola incroased with higt4f nitrt'gen rates 

under irrigated conditions, vhile Torgas and Slt.. (1971) added that al

though nitrogen fortilisation woo beneficial (froe the standpoi:t of In

creasing yields &Wd nitrogen contento of H.-E4. Itwas of little value 



O saIft#iplg! hish tar##e oitrop". level. durlnA t he dry eion to,in 
trMpic1 Savy laho of C'ost4 RIca. V nceto-h 4.,,de O4 (1 959) 4 

Movered! ItI4t &inw@ara yield I'4crvasJ to the 4#0 kg, nitrogen rt@ 
*g appliaton Wn the Proteln Cient PAMprotoen yield Interea. to tlh 
1760 ka.oftitrogen rate, lwVor ttt# *ff lncy af nitrogen utilildtion 
to torv of dry uatter prd4cc4 par po4ni nittrogn Jcreawpd as the rate
 
of nitroWen inerFe04d. Grof MW Itarding (1970) otat4d that nitrogen 
efficiency vi Arwaoeot at 140 k RL/hl/yr on the humid tr~pical Coaet of 
North Qwuslorwd. Tthi OfvWgg 4plifatJO rV14u1tfJ ift d yield tinCfo
stoo of 3 kilogr&V§ ot dry 0ater per kitloaraf of "itrocen applivo, 

"Ott (1970) khotl that the opplictiafl of nlhtrotn trtilixr h44 
a residual affect on *ub*#qii*rt yi#l44 ot C1olil.g'Jlnvagra4o in Ar~pi1
the tollovI4 yoar§. This sutests 04s4t after 
inltil 
 high rates of N
 
fertllfltion, smllr annual appliCAtiot. PAy OuficO to Leet the re

quirowents of the gra6 . 

MLtrosen VortiI tleIn vs. Ank. r 
iRolseo 
 (1968) derived a linear rqresrfon of yiold of enlma! product 

based on the amount of nitrogen applied. li result. lthov a linear in
crese In yield 
up to about 450 kgo of W/hA, and that each kilogram Of
 
nitrogen yielded about 15 kilograns of milk. 
 Bryan and F!vans (1971) added
 
that there ,wasalso a response in animal gain to nitrogen fortilixaton
 
of IPangola, whore 165 kg.& N/ha/yr resulted In 
a 692 kg /ha live wei!hlt
 
gain (LWG) and a carrying capacity of 3.6 animalu/fin, while 448 kg. 
 /a
 
lncreesod the live weight gain to 1106 kg. and the carrying capacity to
 
5.6 animmls /ha. Oakes (1960) confirNo such reports by him work in the 
Uest Indies where he obtained 1,000 lbs LW/acro/yr fro Pangol plus
 
300 lbs of sulphate of ammonia. 
Crof (1970) obtained a 412 increase In
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live wolaht sin in North Queonalnd using guinesgraes plus 150 kge 

i/CrV/yr Qopw4rotl to gutoemgraos alone. 

bp~topf ofNirivel VVYWI1rtioel 

A]thatui, th- yirld rosponte of tropical grAosem from increased 

acrawntc b of fltr,.ic It *ig 4 with Otrong Lt:croeho in yield up to 

$00 kgr./h4/yi , no-ilr~t t of ittroge tcrttIralt Iton vit thet~ ropics 

seldou exceed 2"0 gblhtalyr ('141ttv 1970). There 4re two primiry roa-

Sona for ttit,. 11,e firet de lb with the roeui¢ic of fhrtiliirr costs 

w thandrelative to yield rbpo in tht roic, Ocsecond concerns tho 

critical £1t1.w:-.'nt of nitrcen (.rt iiration- under cliviaitic regirws 

Of high rainf, b s. l high t loil nutrivitI vLaching. Tit:cl Vt al.. (1971) 

obtained hi .h tcg 4-ou,1 ,a ir. pruductici (1,160 1. . L'../hi) iI QGVC11sland, 

Australia ubin. 30 k-i N'/Aa/yr, but contludcJd tht the' additional cost 

of the fertllirer off eta the ilghcr prutuctlvIty of the forage. Bryan 

and Evans o high live uccj-.ht pains, and high carrying(1971) ubt4int4 

capacities (. , ,n i .v1 /h) u f:ng 448 kj:- :/h,/yr, which conf'rrms that 

nitrugen fertilfI,4-r- c.in satisfy the very large nitrugrn requlrements of 

the vigorout; tropical gra.tiet, but they add that nitropvn furtilizers are 

wry c'xprvwive at thir tiv,,o, and uttl1 the com:n erciall.-ation of synthetic 

altror:en in tropical arean changes this, a chcaper rource of nitrogen, 

such a. that Gyi-biotically fixed by legume Idhizoblum, will have to suffice. 

Henzell (1970) '.tati that although nitrcI-,,n fertli! er it) nivallb]e I 

mediately to the gra.s plant, it Is alro expotacd to lotses before uptake 

by the plant whereat: nitrogen fixed syt.blotically by egumes In used di

rectly for plant, growth and incorporated into the legume plants without 

significant loss. Fertilizer nitrogen is exposed to leses either by 

http:uccj-.ht
http:fltr,.ic
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Ulaltluauon of avonou, or by tho bactorl41 dontrificataon or dhomo

dontrification of nitrogen gas or its oxides. The potenta leaching 

Of ntitratesis epvc~ltly criticsl under high r4tnf,41 cu,,dtitin such 

an those which c.t|it In th. tropics, In an e4rlicr artile lie btitetl 

that niltrogn recuvriL 01 50'-75% ire I-ood, al)houih th range, IS 

nortwilly less th.hit 10.-U0Z (ten,vil 196?), Otli.r .uth'rb tuvv~vrt that 

the recovery of fertilio,,r, ntrogvi heldo., exceeds 50' (lIly ct al. 1960; 

Martin 1962). hvntell (1970) tttted furthcr that nitruren Incorpiorited 

guc al.I It t!r l-t beo ruIn tho 1 LaUat Uldv rgo a of t ranb fo ri. I o ns It 

beccti avwilzbl fur uptake by not-leru . Ihiuccui s after it has 

passed throueh a gr: ing ani:i.il, or after It has bent rev!v:ietd from 

legume plant,- and r'idues through Ehi proceti of underground transfer. 

Lesaw.ae !I t ro ,, t:n 'l xat I (n 

Nitrogen fixation in temperate forage legumes such as Alfalfa (Medi

cago sativa) ind White Clover (Trifo1tu. r_p'ns) has been known for many 

years. Woodhouse (195h) quoted nitroiLen fixation eist I r:ato,; ranging from 

50 lb per acre for annual tcr'perate 1e,;',.s to 200 lb!; per acro for 

alfalfa, whitle the e tlratcs of W;41kcr vt !.4. (195!4) rangd fruri 70-220 

kg. N/ha/yr. lHowever, nitrogen fixation in tropical I eguioe has been the 

subject of much dlcussion In recent years. At present there is good 

evidence that under com:parable conditions tropical legunc3 can fix nitro

gen In about the nme quantftler, a,, their temperate, counterpartsn (Xoore 

1962; hIvnzell and Norris 1962; llenzehl 1967). llenzell (1967) r-tated that 

tho range of nitrogen fixation rates for tropical lcpt.e; in Northern 

Australia is 0-310 kgs/ha/yr. Whitney et a l. (1967) reported that Centro

aema pubescens fixed 240 kgs of nitrogen/ha in associations. Such perfor

http:Lesaw.ae
http:ani:i.il
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Banco has also been duplicated elsewhero In the world such a Nigeria
 

Oore 1960) and Malaya (Bryan 1962). Stylotanthes humtlls fixed 196 

bs n/acro/yr durirg Its first season in Northwest Auftral1a (Wetselaar
 

1967). 

Nitrogen Tranisfer 

The transfer of nitrogen from temperate legumes to associated tem

perate grastces has been demonstrated by many authors (Walker et a]. 1954; 

Butler and Bathur:.t 1956; Butler et al, 1959; Slpson 1965). These
 

studies have flhown that up to one-half of the total nitrogen fixed by 

white clover have been transferred either by gradual release or by the 

uloughing olf and decay of nodules. The highe!t rates of nitrogen have 

been demonstrated to be transferred by grazing animals, but in most
 

cases this distribution was very uneven (Miftchead 1970; Shaw et a]. 

1966). Cowling et al. (1964) showed that 28-65% of the total N present 

In a mixed, ungrazed sward was transferred and that the transfer was 

considerably hlghcr in the third year than in the first two years. 

Whitchead (1970) further stated that, very little nitrogen was transferred 

in the establ1!;hr,ant year and that maximum rates are unlikely to be at

tained' before the third year depending on the frequency and height of de

foliation. Wilson (1942) made one of the earliest comprehensive reviews 

of this subject and noted that although there is some evidence that nitro

gon may be transferred via the excretion of organic compounds from living
 

roots, repeated defoliation of white clover has shown that the decomposi

tion of root and nodule tissue is probably the main route in the transfer
 

of nitrogen.
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Usnzoll (1962) was one of the first to study the nitrogen fixation
 

and transfer of both temperate and tropical legumes at the same time.
 

He concluded that although the temperate leguxaC species fixed more nitro-

Son on the whole, the tropical legume I hd1£ofera.sJIcata fixed as much 

nitrogen an alfalfa during the first year, whitle Desrodltm ,nc inatum 

transferred more nitrogen during the second year of the experiment than 

did the other five legumes. Hlowever only 0.6-1.7% of the total nitrogen 

fixed over the two year period was transferred which may be explained 

by the fact that no return of top growth to the soil was permitted. 

Bryan (1962) reported that in the Philippines Centrov;ema lLubes.ce ns 

increased the crude protein content of thu associated grass Xeltnis 

mdnutiflora fro:n 11.9% for the pure grass stand to 22.3/ for the mixture 

when dead legtme tissue was returned to the soil. Ile also corrnented that 

the same comparison in Australia had increased the crude protein content 

of.the 14. minutiflnra from 7.1% when gro:n alone to 9.1% when associated 

with ccntro. Fernando (1961) reported sJgnificant increases in both 

dry matter yields and protein content when ccntro was included in a Bra

chiaria brizantha pasture in Ceylon. However other authors have indicated
 

that although the protein yields of the grasses increased when the legume
 

was included, the dry matter yields of the mixed swards were not appre

ciably higher than those of the pure grass (Kyneur 1966; Whitney 1969).
 

Jones et al. (1967) showed that while the nitrogen and dry matter yields
 

of Phaseolus attoptrrpireus (Siratro) in assoc.atton with grasses in south

east Queensland was closely correlated with iainfall, the yields were 

equivalent to that from a grass receiving 190 kgs N/ha/yr. lie also men

tioned that the nitrogen transfer to the associated grass increased with 

http:lLubes.ce
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Norman (1960) found that the total yield of the buffelgrass
time. 


(Cenchruscilars)-Townsville lucerne (Sylosanthes humilis) mixture
 

was approximately equal to the yield of buffelgrass alone plus 500 kg
 

roughly double that of the unfertilized
of ammonium sulphate/ha/yr or 


grass alone.
 

Kretschmer (1966) reported after four years of investigation in
 

South Florida that Siratro-Pangola mixtures yielded 8.8 tons of forage/
 

ha/yr with a crude protein content of 7.1% compared to 5 tons of forage/
 

ha/yr for Pangola alone.
 

Whitney et al. (1967) found that Desmodium intorrum when grown alone
 

fixed 340 lb N/acre, but in association with two tropical grasses it
 

In the same study Centrosema pubescens was
transferred less than 5%. 


shown to fix 110 lb N/acre in associations but transferred 6-11% of that
 

fixed. Leaf fall appeared to be a more important source of transfer than
 

release from nodules and
keaching of nitrogen from live legume tops or 


roots following defoliation. Birch et al. (1967), in a study in Kenya,
 

reported that a soil analysis on plots occupied by grass-legume associa

tions showed that the legume built up a mineralizable surface organic
 

horizon through the contribution of litter and roots which readily decom

posed and on mineralization increased the amount of nitrates in the under-


The effect of the legume was most significant during the early
lying soil. 


period of the wet season when soil nitrogen mineralization was the most 
pro

nounced, and the magnitude of the effect depends on which grass species
 

associated as well us the climatic conditions governing mineralization
is 

Other authors have reported a negligible amount
of the legume residues. 


of nitrogen transfer in the short run and quite low rates over periods of
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six months to two years (Vallis etal. 1967; lenzell et al. 1968).
 

Henzell (1970) concluded that there is still no conclusive evidence for
 

an active process causing direct transfer of nitrogen from live legumes
 

to associated non-legumes. Nitrogen transfer from actively growing
 

legumes is usually small, and could probably be attributed to the passive
 

release of nitrogen from both the aerial and subaerial portions of the
 

plant or to the leaching of dead and decomposing vegetative material.
 

Norris (1972) added that the process of nitrogen turnover is slow,
 

whereas the capacity of grasses to take up nitrogen is very high. There

fore, even at the maximum rate of turnover possible for legumes, the po

tential growth of an associated grass may be limited.
 

Nutritive Value of Tropical Pastures
 

Hinson and McLeod (1970) have shown that the dry matter digestibili

ties of tropical grasses are generally lower than that of temperate
 

grasses. This may be due to genetic differences because taxonomically
 

the tropical and temperate grasses belong to different sub-families, or
 

to the high correlation between dry matter dizestibility and temperature.
 

Van Soest (1965) stated that chemical composition on the whole is much
 

more closely related to digestibility than to voluntary intake, and the
 

interrelationships between intake, digestibility, and chemical composition
 

are highly species oriented. Butterworth (1967) added that both the pro

ximate composition and digestibility of grass constituents are directly
 

influenced by the maturity and stage of growth of the grass. Norris (1972)
 

pointed out that the nitrogen percentage of unfertilized or fertilized
 

pure grass pastures may fluctuate widely even to the extent where despite
 

the presence of large "'Tountsof forage it frequently falls below the
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maintenance level required for animals. Hamilton et al. (1970) found
 

that milk production from tropical pastures is generally low. Their
 

study with siupplements indicates that the main factor limiting produc

tion from well fertilized pastures is the low intake of digestible energy,
 

due to the inability or unwillingness of dairy cows to eat a sufficient
 

amount of tropical pasture feeds, which are of low digestibility even
 

when well managed and grazed at a yoang stage of growth. Cizek (1970)
 

showed that the dry matter disappearance of legumes is slightly greater
 

than that of grasses, and that the voluntary intake of forages and ru

men transit time increase rapidly with digestibility in the range of
 

30-75% apparent digestibility. hinson and Milford (1966) stated that
 

age was the most important factor determining energy content of Pangola,
 

Siratro (Phasnolus atropurpureus), and Sorghum almum. The energy content
 

decreased with age, and increased with increased crude protein contents.
 

Minson and Milford (1967) found that when sheep were offered mature Pan

gola, the voluntary intake was low, but by including 10-20% legume in
 

the diet, the voluntary intake of Pangola increased, probably due to the
 

elimination of a crude protein deficiency. As the proportion of the le

gume in the diet increased, there was an increase in the voluntary in

take of the entire diet, and an increase in both the dry matter and crude
 

protein digestibilities. This is important in light of the work by Con

rad (1966) which showed that a close relationship exists in ruminants
 

between the content of indigestible plant residues in the digestive tract
 

and the total amount of feed consumed. Milford and Minson (1965) added
 

that excess crude protein contents in tropical grasses at an early stage
 

of growth, following heavy applications of nitrogen fertilizer, adversely
 

affect voluntary intake. They found that intake declined 33% with Chloris
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Sayana that had been heavily fertilized in an attempt to incruease the
 

crude protein content from 8% to 13.5%. They also found that although 

the aging and maturing of forages is usually regarded as being closely
 

associated with a decline in voluntary intake, this does not always
 

apply to tropical forages. The dry matter intakes of Cenchrus ciliaris 

and DigLitaria decumbens did decrease with age, but that of Chloris
 

gayana and Phaseolus atropurpurcus did not. They isolated tile relative 

decline of crude protein content to be responsible for this.
 

Kretschmer (1971) summarized by saying that although the quality 

of tropical legumes is considerably less than their temperate counter

parts, the digestibility of the tropical legumes is greater and does 

not decrease as rapidly with age as does that for most of the tropical
 

grass species. Also since the protein levels in most tropical legumes
 

in almost all stages of growth is adequate for maximum animal production,
 

the legume component of the sward can act as a protein supplement in
 

pastures where the tropical grass species protein content is the limiting
 

factor in animal production.
 

Animal Performance on Grass-Legume Associations
 

Much information has been compiled in temperate ateas concerning
 

increased dry matter, protein and animal yields from clover-grass swards
 

(Van Keuren and Heinemann 1958). Similar data has come from the sub

tropical areas of Australia (Humphreys 1967i Hutton 1968). Moore (1962) 

found that in the humid tropics of Nigeria Centroseina pubesccns increased 

the average content of crude protein in stargrass (Cynodon plectostachvus) 

shoots from 11% in its absence to 15%, and it raised the liveweight gain 

of cattle from 1.12 to 1.35 lb/acre/day in the wet season and from 0.67
 

to 1.00 lb/acre/day in the semi-dry season. Stobbs (1969) reported 419 kg
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live wolht gain (LUG) from Ccntrosema rube aceno-lyparrhenia rufa 

pastures in Uganda, compared ro 345 kg LWG from the grass pastures. 

Grof and Harding (1970) stated that centro-gulneagrass (Panicum maximum) 

yielded 36% more live weight gain than guineagrass alone in North Queens

land and carried 3.5 anirials/ha over a two year period. 1all (1970) 

showed that animal production on uni,:proved native range increased from 

less than 9 kg LWG/ha to 112 kg LWG/ha with the use of a guinea-Siratro 

mixture. 

Aronovich et al. (1970) found that in Brazil a mixture of Pangola

tentro produced 17% more live weight gain/ha than did the control and 

carried 2.4 animals/ha. The mean gain per steer per year was highest 

for the grass-legumie mixture, but the mean gain per hectare per year was 

highest for the nitrogen fertilization treatment which carried 3.3 animals 

per hectare. Bryan and Evans (1971) also reported higher (P<0.05) live 

weight gains per hectare from high rates- of nitrogen fertilization com

pared to the use of Pangola plus Lotononts hL nc,;i I ant D. intort'

which gave mean live weight gailns of 507 kg/hn. llowcver, this may par

tially have been due to their failure to maintain adequate amounts of 

the legume in the sward.
 
I 

Management of Grass-Legum' Asiociatlons 

Although tropical legumes nre adapted to low fertility, acidic 

soils, they are slow to cstablish and lack initial vigor. Grof (1965) 

noted a r2sponse to phosphorus during establIshment in the humid tropics 

of northeastern Australia. Stobbs (1969) reported that centro-1f. rufa 

plots fertilized with phosphorus had a significantly higher total nitro

gen and available phosphorus contenL, and that they produced substantial
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'increases in subsequent crop yield compared to non-fertilized grass

legume plots. Younge et al. (1964)'in his four year study of Desmodium
 

p., in Hawaii found a marked response to phosphorus, potassium, molyb

denum and zinc. When adequately fertilized, the legumes were fully
 

competitive with aggressive grasses such as kikuyu (Pennisetum clandes

tinum . Pangola and Dallisgrass (Paspalim dilatatum). Anderson (1956)
 

stated that low levels of soil molybdenum prevent the Rhizobium fixation
 

process even in the preaence of abundant nodules. Another common de

ficiency limiting the performance of legume symbiosis is that of sulfur,
 

which was shown to prevent protein build-up in Stylosanthes humilis by
 

Jones and Robinson (1970). Andrew and Hegarty (1969) examined the toxi

city effects of manganese in tropical legume nutrition and noted that
 

Centrosema pubescens had a manganese toxicity threshold of 1,600 ppm
 

in the dry matter of its top leaves, compared to thresholds of 1,160 ppm
 

for Desmodium uncinatum and 840 ppm for Phaseolus atropurpureus.
 

Norris (1972) stated that the most important factors for the success
 

of tropical legumes in the order of their priority are the establishment
 

of a fully effective symbiosis, provision of adequate plant nutrition
 

for the symbiosis to function, and the imposition of a grazing regime that
 

allows the legume to persist and contribute nitrogen. He discussed the
 

strain specificity of certain tropical legumes for appropriate cross ino

culation group strains of Rhizobin. Jones (1967) analyzed the response
 

of legume production to clipping frequency and reported a linear increase
 

of dry matter yields up to a 16-week cutting interval. His four week
 

cutting interval severely reduced the legume stand for one season. White

man in two separate studies in 1970 found that clipping reduced the number
 

of nodules and weight per nodule in both D. intortum and P. atropurpureus.
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However grazing caused 'agreater reduction than cutting in terms of plant
 

and nodule weight and legume yield, Ilenzell (1967) also reported that
 

Dosmodium intortum and Phaseolus atropurpureus perform best under infre

quent defoliation.
 

The response of tropical grasses in terms of seasonal productivity
 

and nutritive value has long been studied. Schofield (1945) found that
 

the crude protein contents of stargrass (C.plectostachyus) and guinea

grass first increased then decreased under frequent clipping depending
 

on the relative status of soil nutrients. French et al. (1960) reported
 

data from Venezuela, Tanganyika, Puerto Rico, Guatemala, and Trinidad
 

on the relative increase of crude protein and crude fiber contents of
 

elephantgrass, guineagrass, and paragrass (Brachiara mutica). Brockington
 

(1960) found that in Northern Rhodesia the quality of 11.rufa declined
 

rapidly in the early part of the wet season when there was uninterrupted
 

plant growth and maturation. Crude protein contents fell from 18.9% in
 

December to 2.7% in January during the period of greatest dry matter pro

duction, however he noted that adequate clipping management reduced this
 

quality decline. Bryan and Sharpe (1965) reported higher dry matter
 

yields,, nitrogen contents, and nitrogen recovery from high rates of nitro

gen fertilization at long clipping frequencies and greater clipping heights
 

in southeastern Queensland.
 

Description of Species Used
 

Panicum maximum Jacq.
 

Guineagrass, also locally called Cauca, Saboya, or Chileno on the
 

coast of Ecuador, is a tufted perennial native to tropical and sub-tropical
 

Africa.' Mcllroy (1972) points out that it is relatively drought tolerant,
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of high nutritive value when young, and combines well with tropical
 

legumes. He reports yields of 122 tons of green fodder per hectare
 

per year from the Philippines and Australla. On the coast of Ecuador
 

where it is most comonly establishoJ by the division ol plant crowns,
 

yields of 100 tons of fresh forage per hectare have been reported
 

(INIAP 1971).
 

Pennisetum purpureum Schumach
 

Napiergrass or elephantgrasa is very tall-growing (4 to 5 meters),
 

high yielding (180 tons fresh forage/ha/yr), a perennial species which
 

occurs naturally near streams and rivers in tropical Africa aid is
 

widely distributed in Nigeria (M!cIlroy 1972). Although grazing manage

ment is difficult with this gras;', it has shown promf:.e as cut forage 

or silage. Grof (1969) reports on the sclectlon aod dveloprcnt of the 

Merker variety released as Capricorn elt.phantgris;,; frets the Etloela 

Research Station, arid adds that in corblinaLlon w1th cc,tro gave higher 

live weight gains than gulnea-centro. The hybrid variety 534 released 

from the Pichilingue Station is cstablishod by SteL, cuttings and reported 

yields up to 300 tons of green forage/ha/yr (I'UAP 1971). 

Hyparrhenla rufa (Noes) Stapf. 

Known as Puntero or Jaragua grass, I. rufa. is a drought reststant 

tufted perennial found throughout tropical Africa, Certral, and South 

America (Mliyte et al. 1959). McIlroy (1972) reports thtat the young 

giowth of thin species Is of valuc, et;pcclally after burning, but that 

the nutritive value decreases toward fJo'erfng. Tergai ut al. (1971) 

explains that this grass gcnerally flowera at a tire 'hen the suil is 

drying and when there is vubse(qjut.4ly less minuralizetion and uptake of 
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nutrients by the plant. SantillAn (1971) reports yields of 120 totis of 

fresh toraiic/ha/yr when established by seed In the Pichilinguo Export-. 

Rental Station. 

Diirin dcu!enri $tent. 

Panoa la~at toloniftorous, perennial turf grass native of South 

Africa. 115nc* ititroduwteJ to the riouthe.st VniCCLI Stateis of America, 

Pangola Kat produced Ir"ert bo( In isuuh F'itridis th~n i y other gr4as 

tested (McIlroy 197.2). Tiri~ rpeies uhich 1Ii by &pries or 

and drought. but mlies Its liebls Fr.A'th vi well tidia.j toifit ball&i. 

Yielda of 65 tont. of greeni fc'r ij/hi/>r hav Lvaii Atbin ci tho coast 

of Ecuador (INIAP 1971). Ectitbttol varictirz isle~ Curretly L'.111 doe

rust dl eaab (Pluct I -d ;1 ) an P.4Inv~u1liltt~ vi rtj (ht elo 

et al. 1972). 11dI 21 (I~? ?i,-rrt tiL0-t it It., 4 wLct J M IcuIt to 

keep aft adhequ.ste prupo~rtt.I:n of to. tr1 1 tu l o1ln with 

Pancola vxcet unikr tn-a'rte. rj . :j'±~t~te~ft~ is 

the only le4' Copaible W401 It un tr vy lso Iq prfi~o 

Stargra~s, ec~~o~l rvitr#J to ao g1ant otttroon or NIvasha 

*targirats, ib a very atr~bv btoluniretj porennt~l nativo to rast 

Afrcai1,to 4vtoo tljrr tip to IV Cn in )Lchrlt t opin~1.: 


Close Afrlam o ve ;tit Ia (0?' tlhu rbtjIlt f411CO 4-) 4 tood pa61 urc. Caro-

Cotae ct43 (1961) rvpertv4 0hat oktatgrato ytI#t4 JIM~1g 144ha/yr 

http:riouthe.st
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aMd carried 3 anirm.l% to tho hwcrro when fertilized beavily In the humild 

Mountain regions of Puevto Ritco, Data fror.k tile pichtjlingu Stton 

Ecuador report Yi,1t,1s Of 9C tons of truen forigha/y' (1IAJ'M 1971), 

buftelgrw ,ior Afric~n foxtnil to a porent.ial1 30-90 cmi In hoieht 

which Itj bull*-J to 1w.-r rain."al climates wuchi as thiotie of It&i tropical 

Africm. India, sAnd Did;cita (MIloy 1972). For establi~h:nent 20 poundi 

of 5setd/ba~ 4 uueJ on the cQjbt of cuador whvic yivflj of 60 tonsi of 

*roon furstj:./1j/yr h-ivu Leen o1)i t)L- C 2'71) . Norr.4 (1 966) found 

that St lb.1t st.ili2 -'r3 with4 tor.ant4 buffv!rra~ss at the XAtilerino 

Rosearcli Statin nt t ta*a 

Centro th a pirobt:'Ato tra11ing porennial which In easily established
 

from vvtJ, hlj'hWy rt::i-t.nt to [,ra4et- 4W.rd4, 4n.J i~~apt.ed to *ioilu of 

wdfun to IIIg9t (veTllty %iitl LoaJ -44na*-e (11ardini. 1972). CTof and 

HRardifig (19,) rpi that ptv 'tIu tiu9 frQ.' CO!JL3 MCA 4ppear 

to havo rvottonre to coal soAcons. red spidor tittes, and C ~ra IC4 

spot. 

Kacropi I i Arojptrpure uvi (farmorly otza Dr1r~~I. C.) 

Button (19'4&) ropr)rti tWvit 4 now cultlva4r ilraitro', which ho deoloped 

in Brisbane. Aqttt114'b crto 1 ivo' VJ$~fe *()ecoypu of P. iriortir

3 ii, hzAial~It4t)CC to lo-Illut flt-1.1t04c arnd littlo lrmaf viruul.
 

vidoly used tof 
the trptal 1rets io QuvcnolAn4. It Is A vigorous,
 

http:i~~apt.ed
http:rt::i-t.nt
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twining, perennial legume that tolerates drought and low-fertility soils 

and establishes readily from seed. Kretecluner (1971) noted that in 

mixture with !fyparrhenla rufa the Siratro survived the dry season and 

began rapid growth at the cocunencemcnt of the rainy season while the 

associated grass was still dormant. Sonod, er al. (1971) described the 

disease web-blight (RhIiJoctonila solari KuAn.) v'hlch caused heavy defo

liation of Stratro during October in South Florida. Hlowtver, they noted 

that new growth was free of the disease and that clipping appeared to
 

retard it.
 

Desmodium Intortum (Hill.) Urb.
 

Greenleaf Dentodiu'm waj derived from crosses of three introductions 

from El Salvador and Cuatc'.ala. It yields less seed and Is slower to 

establish than I). unclinwtum but once established it Is rore vigorous 

and hardier than illvwrle.if (IHutton 1968). hryan (1969) reports that 

Ii is used corrnonly on nn-i rrlijated ;aturv.; In Aus;ralia In pure stands, 

as hay, or III pa.5ture nixturi . 1,!cllroy (1972) acd; rhat It grows well 

on most sol1 typlt, and tolert.-:: poor dr:tlia,, and flooding. However, 

ilarding (1972) rportii that this st!,%t-decu-b'nL legunae unually only grows 

veil -during the first seaoon. and deteriorates rapidly due to leaf fungal 

diseases, Amnemus weevil, and little leaf dibea,e. 

http:illvwrle.if


METHODS AND MATERLALS 

Factors Studied 

A. Species (9 total species) 

B. Fertilization (2 treatments) 

C. Recovery Interval (2 rest periods) 

Factor Levels 

A. Species: 

1. Grass species: 

Panicum tmximtum Jacq. Gulneagrass (var. Pichilingue) 

Pennisetumj,uem Schumach Elephantgrass (hybrid 534) 

Hyparrhenia rufa (Nees) Stapf. Puntero 

CenchruS ci] lari (L.) Link Buft'elgrass (var. Biloola) 

Digltarli dt lc ,bens ,,ent. Pangola 

Cynodon p1ectostaich,',,s (Schum.) Pilgor African Stargrass (#2) 

2. Legume species: 

Centro,; n r,ub,:sccns Benth Centro 

acroptilI u atropurpureum Siratro 

Dosmodium Intortum (Mill.) Urb. C,Grenloaf Desmodium 
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B. 	Fertilization Treatments;
 

Is Grass plots unfertilized (control)
 

2. 	Grass plots 4 100 kg N/ha/yr
 

C, 	Recovery Intervals:
 

1. 	21 day rest period (3 iweek clipping frequency)
 

2. 	42 day rest period (6week clipping frequency)
 

Treatments
 

1. 	Control (each grass species unfertilized)
 

2. 	Fertilized (each grass species + 100 kg N/ha/yr)
 

3. 	Centro (each grass species + C. pubescens)
 

4. 	Siratro (each grass species + M. atropurpureum)
 

5. 	Desmodium (each grass species + D. intortum)
 

Experimental Procedure
 

site
 

A one-hectare experimental site in the livestock section of the
 

Pichilingue Experimental Station was selected on May 3, 1972, on the
 

basis 'of its uniform topography, accessibility, closeness to irrigation
 

facilities, location in relation to planned road construction and
 

future pasture progiam developmant, and the adaptability of existing
 

fences. The area selected was a segment of an 8 year-old Pangola pas

ture that was badly in need of renovation. This pasture had been grazed
 

extensively, irrigated during the dry seasons, and fertilized annually
 

vith 100 kg of nitrogen in the form of urea. Two hectares of adjacent
 

land were selected for the fistulated steer which was used for dry matter
 



40 

digestibility determinations. This area was selected because it was near
 

existing corrales and irrigation facilities, and because it had a rela

tively uniform established stand of guineagrass.
 

Land Preparation
 

On May 5, 1972, the sod on the experimental site was turned and
 

broken up using a John Deere 2020 disk plow and harrow. The area was
 

then raked to remove remaining littar. The existing fences were rein

forced with new posts and new wire, and a new section was added to en

close the experimental area, and a new gate was constructed. On May 11,
 

1972, 400 pounds of simple superphosphate was applied which was calcu

lated to supply approximately 72 to 80 kg P/ha. The first application
 

of 50 kilos of nitrogen occurred on May 31, 1972. Urea was applied in
 

bands (shallow furrows) beside the rows and covered with soil immediately
 

to prevent losses via volatilization.
 

Establishment
 

Three legthDe species and Cenchrus c~liaris (buffelgrass) were
 

seeded on May 12, 1972. Ir~mediately prior to seeding the Centrosema
 

pubescens (centro) and Macroptilium atroprpuretim (Siratro), formerly
 

Phaseolus atropurpureus, seeds were scarified in concentrated Sulfuric
 

Acid for 15 minutes which boosted their germination rate over 85%.
 

The Desmodium intortum and buffelgr--ss seed germination rate in three
 

consecutive tests (may 8-10) was over 75%, but the llyparrhenia rufa
 

(Puntero) seed showed no germination. This may have been due to seed
 

storage in double-lined plastic bags in very warm climatic conditions
 

which is not conducive to seed viability.
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The presence of Desmodium and Centrosema species in the native
 

vegetation of the area suggested that free-living soil Rhizobium were
 

a natural resource. For this reason, along with the cost factor and
 

time delays involved in the importation of innoculum, the legume species
 

in this study were not artifically innoculated. This did not appear to
 

hamper the nitrogen fixation of the legumes in any way, and periodic
 

examinations of legume roots showed ample and extensive nodulation.
 

Seeding amounts per plot were calculated on the basis of commercial per
 

acre recommendations. 
 Fifteen grams each of Siratro and Desmodium
 

seed and 25 grams each of buffel and centro seed were weighed out for
 

each of their designated plots and proportioned equally in the field
 

according to rows.
 

Vegetative propagation of the remaining species, including Puntero,
 

was begun 15 days (May 27-31) following the seeding of the legume species.
 

Th~s permitted closer observation and control over their establishment.
 

Stem cuttings with three nodes each were used for Pennisetum purpureum
 

(elephantgrass) and were placed in the soil with two of the three nodes
 

beneath the surface. Viable stolons were propagated in the case of
 

Digitaria decumbens (Pangola) and Cvnodon plectostachvus (stargrass),
 

and divisions of the crown were used for Panicum maximum (guineagrass)
 

and Puntero. 
It should be pointed out that vegetative establishment of
 

Puntero is slow, difficult, and not done commercially. Five transplanting
 

attempts were made before complete establishment was attained. The amount
 

of vegetative material used was calculated on the basis of 10 cubic meters/
 

ha which varied slightly according to species and propagative material
 

used.
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To simplify seeding one of the four bamboo stakes denoting each
 

plot was color coded to indicate grass species and another was flagged
 

with fragments of different colored plastic material to indicate treat

ment. A wooden rake-like device was constructed with four spikes spaced
 

50 cm apart. This facilitated the hand seeding by scratching furrows
 

in the soil surface and insured uniform row spacings.
 

Pure grass plots (treatments #1 and #2)were planted with one meter
 

spacings between rows and 50-75 cm between plants, except for buffelgrass,
 

stargrass, and Pangola, which contained both 50 cm rows and plant spacings.
 

This resulted in five (one meter) rows per pure grass plot for guineagrass,
 

elephantgrass, and Puntero, and nine (50 cm) rows for the remaining three
 

grasses. Four legume rows were interspaced in the former case, and sub

stituted for the interspaced grass rows in the latter. Therefore, each
 

grass species was established as closely as possible to its recommended
 

seqding rates and distances, and in each grass-legume plot 44% of the
 

seeded surface was legume.
 

Clipping Procedure
 

Table 3 presents the work calendar for this experiment. An equalizing
 

or stiging cut was made on July 26, 1972, eleven weeks after ebtablishment.
 

A total of 10 clippings were made every three weeks following this date
 

for the period August 15, 1972-February 20, 1973, on one-half the plots.
 

On every other harvest date Loth the 3 and 6 week clipping frequencies
 

were harvested. Clipping was accomplished by the use of a sickle-bar
 

mower mounted on a John Deere 140 tractor. The height was set at 15 cm
 

and care was taken to follow a standardized procedure in that each plot
 

was harvested in the same direction each time.
 



Table 3. SCHEDULE OF MAJOR ACTIVITIES
 

"Activitv
Date 


Selected experimental site
May 3, 1972 


Seed bed preparation and sill sampling
May 5 


Seeded legumes and buffelgrass (Superphosphate
May 12 

application, 72-80 kg P/ha)
 

May 27-31 	 Vegetatively propagated grass species; first
 

fertilization treatment (50 kg N/ha as urea)
 

Equalizing cut
July 26 


3 week sampling
August 15 


3 week sampling & 6 week sampling
September 5 


3 week sampling
September 26 


3 week sampling & 6 week sampling
October 17 


3 week sampling
November 7 


3 week sampling & 6 week sampling
November 28 


3 week sampling
December 19 


December 21 Second 50 kg N/ha application (broadcast NH4NO3)
 

3 week sampling & 6 week sampling
January 9, 1973 


3 week sampling
January 30 


3 week sampling & 6 week sampling
February 20 
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Two one-half kilogram samples of fresh forage were randomly collected 

from each plot containing a grass-legume association and placed in 

labelled cloth bags. One of these samples was weighed immediately in 

the field, and its weight in grams noted both on the bag and in a ledger. 

When the harvest was completed these bags were then placed in a forced 

air, kerosene-heated drying room and dried for a minimum of 24 hours at 

45°C. The dried sample that had been weighed previously in the field, 

was reweighed while sMill hot, and from this weight difference the 

percent moisture was calculated. The other dried sample was then hand 

separated into its grass, legume, and weed components which were weighed 

individually for the calculation of Botanical Composition. The first 

sample, and the grass and legume components of the second sample were 

then ground through a Wily Mill (1 r-z screen) and sub-samples were taken 

for nitrogen content and dry matter digestibility analysis. 

This allowed analysis of the nutritive value of both the total
 

association and its individual components. However in the case of the 

pure grass plots, only one one-half kilogram sample was taken, because 

the nutritive analy'iJs of individual corlponcatS was not necessary. In 

this way, the total nz.iber of ficid sanplvs which had to be handled In 

the course of this expertir,nt was reduced from 2,700 to 2,160 sai'ples. 

The fresh weight yield was me-isured from the 15 square meters of 

each plot at each clipping frequency, and this figure togethr with tle 

percent moisture calcul.tlon, were used in deternining the dry matter 

yields per hcctare. All clipped debris was removed from each plot after 

each harvest.
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Observations
 

Field observations were made throughout the 11 week establishment
 

phase and prior to each har,.st. This was done on a plot by plot basis
 

with special attention given to insect damage, recovery vigor, weediness,
 

ground cover, nutrient deficiency symptoms, disease infestation, lodging
 

after fertilization, flowering, and general compatibility of the grass

legume swards.
 

Nitrogen Determinati on
 

Approximately 2,000 samples were analyzed for nitrogen using a
 

micro-Kjeldahl apparatus and a technique developed by Muller (1961)
 

in Turrialba, Costa Rica. Digestion was done in concentrated Sulfuric
 

acid with potassium sulphate, copper sulphate, and sodium selenite as
 

catalysts. Samples were distilled Into Boric acid solution and titration
 

was accomplished using .02 N Sulfuric acid. 

I o n PrI-M~atter Iff,,o, tLbIlltv Dot err,l n a t 

The Nylon-bag Technique (Ljwrey 1969), which involved rnen incuba

tion of 10 gram sa::,pl . of dry ground forage for 72 hours in 100 mesh 

nylon bags (5 x 15 cm), .,a!; u,;ed to estimate dlgeittble dry matter content 

of the forages studied. Weights of the oven-dry bags before and after 

incubation were measured and the percentage dry m'attcr disappearance 

recorded. Six bags were attached to each 250 ml water-filled polyethylene 

bottle which served as, a welp;t and prevented pa:,;;age beyond the rumen. 

A one year-old flitu]atcd Bral,vla-criollo steer was used. A minimum of 5 

bottles (30 sa.ipies) per run and a rmximum, late In the experiment, 8 

bottles (48 samples) were placed in the rumen. Monson et al. (1969) in 
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his comparison of Nylon-bag in-vivo with two stage in-vitro digestion 

techniques reported correlation coefficient of 0.92 (P<0.01) between the
 

two techniques, and other authors have reported significant correlations
 

between Nylon-bag cellulose digestibility and conventional cellulose
 

digestibility (lopson 1963) and Nylon-bag dry matter disappearance com

pared with TDN and dry matter digestibility (Neathery 1972).
 

Standards of 6 and 10 week-old bermudagrass and 2, 6, 8, and 10
 

week-old Pangola Digitgrass were obtained from the Animal Nutrition
 

Laboratory of the University of Florida, and analyzed using the Nylon-bug
 

Technique at the Pichilingue Experimental Station. The in-vitro percent
 

organic matter digestibility of these standards ranged from 45.9% to 69.7%.
 

The mean dry matter disappearance percentages for these samples when
 

analyzed by the Nylon-bag Technique ranged from 32.5% to 59.1%. However,
 

the results were foind to be highly correlated in each case as shown in
 

Figures 6 and 7. The correlation coefficient for Nylon-bag compared
 

with the in-vitro was 0.95 (P<0.O), while that for the in-vivo comparison
 

was 0.99 (P<0.01).
 

Statistical Analysis 

Vield data from all clippings of all plots was keypunched on IBM
 

computer cards and analyzed by the statistical analysis system (SAS)
 

designed by Barr and Goodnight (1972) of North Carolina State University.
 

Analyses of variance were runi on data broken down into seasons, on the
 

data of each sampling, and on data separated according to clipping fre

quency. Duncan's new multiple range tests were used to determine signi

ficant differences at the 0.05 probability level for grass species, treat

uvants, and recovery intervalo studled. In addition to t.he computer analyzed
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Figure 6* Correlation of Nylon-bag Techntque Data
 
with In-vitro Technique Data
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yield data, data on the 1esum os trIiuttoo of 81trogos to the 40*o

elated OrA W4 a1Isod Manually biy &r~s#V* 4ad 0@0601 cuttlas by 

the ,.thoJ d'lirite4 by fi*Jocor (1956) Ar*%i Ww# 15) 
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ftyv 17 

2fv U1 

-

MotonAj,2fed 

t 

14 %1~ S,74 

Dosage 

miZo ;!ter$ 

liters 

At InsectLicde 
(lite",) 

20 

120 

me20 

Jme30 

Jvl7 1 

ims1 a! .1 

MrIclaiSI Ciar 

Si(t t~r 

l5 

m0 + 

A:C liters 

:0 i:/Z' lters 

2 0 Ml IZ-,2,1 t ers 

25 gfZDO liters 

cc/lliter 

so 

80"t/1ers£0 

40 

80 

*: t l m t alZ~.le,,: 580 lters 
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during tho course of the study and will bo discussed according to their
 

occurrence. 
 Minor rabbit damage on Desrodluin Irtortum seedlings was
 

noted on June 20, 1972, but once 
frequent clipping was initiated, no 

further rodent damage was visible. 

Two conmplct, hand weedings (June 15 and 16; July 10 and 11) were 

necessary during the establishment phase. On each occasion, all debris 

was removed from the experirionta] area to prevent the build-up of po

tential InNect breeding grounds, as well as to prevent the weedy species 

from sihply vegetatively propagating themselves again under the rather 

optImuLI clIIItIc and cdaphlc conditions. Unwanted vcgetative growth in 

the Inter-plot allyn; was at firat elt:iminated by rachete, but when this
 

as well a the Idea of mechdn cal rnowing, proved Infeasible, herb[cides 

vWrc reli ed upun. The herbicide Y.arv.'x (SO gr.r.s:i/20 liters of water) 

slowed thte wecd growth, which was e,,;pctclally severe during the rainy 

season, and ,arn.ex In combination with machete.r; provided adequate weed 

control In the allvy,.. 

The dcve Uj:.,,,Lt of nu:.,rous runnerf; by cvntro allowed this species 

to obtain thia .i:t rapid ground cover wliereas the erect growth of the 

greanleif dernL.odiu-. provided the tilowt:it cover and con'scquentl y mure area 

for wrvod grwtih,. "ritro flowers were noted on July 11, approx mately 

two month ,,ftyr rced ig, and the vegetatlvy develop: net was delayed as 

a reosult. 

Table S pret~enta the fre!h wull-.1it y, Id data (re,iin for the three 

Ireps) for the c~libliultjit period. !guife,Itrash 'ave the hlf;Let froarh 

weight yleldb of ony tiop~14'i livdiatrely by gulnoat tho gra r followed 


grass and *3phantgr4oo. In that ordor. This miy be duo to the fact
 



Table 5. ESTABLISMENT DATA
 
Fresh Weight Production (kg/ha) 11 Weeks After Seeding
 

Control Fertilized Centro Siratro Desmodium
 

Guineagrass 13,268 16,919 12,778 13,424 14,571
 

Elephantgrass 9,621 13,045 12,056 9,192 12,510
 

Puntero 697 1,445 1,490 909 
 3,025
 

Pangola 86 354 4,066 
 909 3,005
 

African Stargrass 707 1,747 2,727 1,995 5,379
 

Buffelgrass 17,475 23,131 16,010 16,414 17,172
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that the buffelgrase was seeded rather than vegetatively propagated and
 

because it was seeded two weeks prior to the other species. The fertilizer
 

treatments of the aforementioned grass species outyielded the other
 

treatments, whereas the legume treatments outyielded both the control
 

and the fertilized treatments in Pangola and stargrass. The fertilizer
 

treatment response was to be expected since in Lhe presence of ample
 

soil moisture, the fertilizer nitrogen was Immediately available to the
 

actively growing plants of the more vigorous grass species whereas the
 

legume Rhizobium symbiosis was just developing and not yet functioning
 

at its optimum or potential levels. The centro and desmodium treatments
 

also performed better than the other treatments in Puntero, which like
 

Pangola and stargrass showed less vigor resulting in a sward whose botani

cal composition was comprised primarily of the rapidly growing legume
 

species.
 

3 Week Clipping Frcquen Dry Season
 

The dry season, previously referred to in Figure 5, extended from
 

late July through November (1972). The total rainfall for this period
 

was 227 mm and the temperature averaged 24.9*C. Six samplings at 3 week
 

The quantitative data obintervals were made during this 18 week period. 


tained is summarized In Table 6. The elephantgrass yield was significantly
 

higher at the 5% level, as determined by the Duncan's multiple range test, 

than the other griss species. The guinegraos yield ranked second and 

that the (P<O.05).was also different from of other grass yields The 

yields of the fertilized, unfertilized (control), and centre treatments 

were greater (P<0.05) than the yield of the other treatments for this 

period. 
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Table 6. Dry Season Quantitative Production Data 
21 Day Rest Period
 

Dry Matter Yield 


Grass 


Guinea 


Elephant 


Puntero 


Pangola 


Star 


Buffel 


Treatment 


Control 

Nitrogen 

Centro 

Siratro 

Desmodium 


Control 

Nitrogen 

Centro 

Siratro 

Desmodium 


Control 

Nitrogen 

Centro 

Siratro 

Desmodium 


Control 

Nitrogen 

Centro 

Siratro 

Desmodium 


Control 

Nitrogen 

Centro 

Siratro 

Desmodium 


Control 

Nitrogen 

Centro 

Siratro 

Dosmodium 


Total 

6 harvests 


kg/ha 


5,725 

8,057 

6,510 

5,967 

5,402 


8,340 

8,850 

8,604 

9,144 

7,452 


5,892 

5,592 

4,860 

5,544 

4,296 


4,734 

4,932 

5,208 

4,356 

4,044 


6,216 

5,946 

5,376 

4,800 

4,614 


3,828 

4,602 

4,134 

3,378 

4,248 


Growth 

rate 


g/m2/day 


4.5 

6.4 

5.2 

4.7 

4.3 


6.6 

7.0 

6.8 

7.3 

5.9 


4.7 

4.4 

3.9 

4.4 

3.4 


3.8 

3.9 

4.1 

3.5 

3.2 


4.9 

4.7 

4.3 

3.8 

3.7 


3.0 

3.7 

3.3 

2.7 

3.4 


Component Yield
 
for 6 harvests
 
Grass 


kg/ha 


5,595 

7,975 

4,629 

5,343 

4,383 


8,111 

8,277 

6,839 

8,129 

6,638 


4,381 

4,465 

2,491 

3,729 

2,713 


3,638 

3,706 

2,073 

2,455 

2,113 


5,837 

4,837 

3,392 

3,845 

3,431 


3,520 

4,089 

2.505 

2,725 

3,105 

Legume
 

kg/ha
 

1,621
 
244
 
797
 

1,326
 
645
 
577
 

1,969
 
349
 
849
 

1,218
 
258
 
81
 

1,094
 
150
 
232
 

1,048
 
103
 
247
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The legume Centrosema pubescens had the highest total yiold of any
 

of the legumes with all six of the grass species which implies that it
 

recovered vigorously under the relative]y severe defoliation regime,
 

persisted well in spite of low rainfall, malntained itself in the bota

nical composition of the sward, and was compatible with 
all of the grass 

as did 
species tested. Centro yielded more than twice as nuch legume 

Siratro or greenleaf desmodium in a.sociaticn with guineagrass, elephant

retimcs as m.uch legume with the 
grass, and Puntero, and four 	to five 

habit gras;s species. It s. ould be noted 
maining stoloniferous growth 

centro-grass asso
that in the last clipping harve ;t of this season, the 

treatment
ciations significantly (5% level) outylelded the fcrtllized 

and in four of the five former harvwsts there vaxi no significant diffarenco 

and fertilizvd grasti treatt:.ents.
in yield between the centro-g'r%.ss 

perforrvince
Table 7 sutiarizes the qu:ilitative data for the dry season 

dry atter
period. Ilti differences In tot.il digjsLil]e

at.the 21 day rest 

between Frar!'es ind between tretacntL!ali ' ,0re of a reflection of 
yield 

dry yield dil fvrvcct; in percent dl getible
differences In matter than in 

dry matter. However the re!;ultt; of the crule protein a c of the nutri-

The effect of tture t:r,.' and frequent
tive value w ro intere.ting. 


,vident It the c.#., of t h( i'.nttij, a C.te trol 
treatt: nt 
clipping wa:; rot;t 


fr :4 162.7 at the ba
vhore the crude protein Cu(,ti(.Lt. d,*clncd Pteadily 


.tl11a r trvidl wVru noted
 
ginning of the rk.aiun to 9.O after 18 wcveI. 


I ". t% C. 11.) atil bct $Jl rae control

In the att:,rera.,i control (13. to 


huwvver the ne rpuration of tho 1t-.p. -b, partt
(14.5% to 11.2t C. P.), 

opcdvi.
cularly centro, atblltzod thio dllino in all six Cra 


http:Cu(,ti(.Lt
http:centro-g'r%.ss


Table 7. Dry Season Qualitative Production Data -

Crass 	 Treatmnrt 

Guinea 	 Control 
Nitrogen 
Centro 

Slratro 

Dearodium 


BIlphlnt 	 Coitrol 
Nit roren 
Centro 
Slratro 
Deamodium 

Puntero 	 Control 
Nitroacn 
Centro 

Siratro 

DowDdiun 

Fasgola 	 Colit ro 
Nitroten 
Centrt 
Siratra 
Dewi~im 

star 	 Control 
p1tror.t 

Centro 

Stratro 

De"woIV, 

hff.1 	 Co.trol 
witroc.n 

C"tro 

Siratro 

besnodltim 


21 Day Rest Period
 

D/igsLible Dry tttL:r 
Pv oceitr 

% 

53.3 

51.9 

52.3 

53.7 

52.9 


55.8 

58.4 

55.7 

54.5 

56.5 


54.8 

5..6 

5 •.9 

51.1 

50.9 


52.3 

51.4 
57.0 

19,4 

49.9 

53.8 
52.8 

53.9 

53.3 

53.0 


$5.8 

$4.7 

57.2 

39.7 

$7.J 


Yi4ld 

kg/ha 

3,051 

4,1)W2 

3,405 

3,204 

2,858 


4,54 

5,168 

4,71.2 

4,983 
/,,710 


It.)9 
2,941 
,570 


2,8i3 

2,187 


2,475 

-,535 

2,708 

2,16! 

2,QS 

3,4.4 

3,1-) 
*49 

#,5. 

#4..8 


2,134 

7,317 

2,). 

1,9A3 

2,55 


Crude 
Percent 

Pr eln 
Yield 

, kg/ha 

15.3 
16.3 
17.7 
15.2 
15.8 

894 
1,345 
1,172 

913 
860 

18.0 
19.4 
20.2 
18.5 
18.8 

1.534 
1,721, 
1,749 
1,716 
1,406 

14.0 
14.6 
18.8 
13.7 
15.6 

834 
834 
914 
798 
679 

3.6 
3.5 

17.2 
13.6 
1'.8 

700 
675 
699 
619 
4,95, 

16.0 
15.0 
38.3 
13.1 
13.9 

1,03 
927 

1,020 
721 
657 

13.1 
13.7 
10.3 
14.3 
14.2 

519 
638 
777 
495 
620 
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Figures 8 and 9 show the relationship between dry matter yield, bo

tanical composition, and crude protein yields for treatr ents by grass 

species for this period. These comparisons were made on the basis of 

the rcsults of the s~atistLical analysisi of the dry matter yield, which 

stated that the yields of elephantgra!;' and guineagrass were the highest, 

and were significantly different. from each other and from the other 

grass specles, whilc the yields of stargrass and buffelgrass were lower 

yielding ,nd also significantly different from each other. This graphi

ancal reprtsentatlon of .ho data riakes it obvious that Increast in the 

yield of dry .itter is not autoeiatically followed by a corresponding 

and propurtiona'. incrciteae in the yl(!Id of crude protein. For example, 

note that the dry,' matter yields of elcph.int-centro, star-centro, and 

buffel-centro %.',cre. lower than the yield of gra':;: plus nitrogen, how

ever the crude protein yl,ldl,of the ;rass-ic..'v a-;..octatlons in each 

case were vqual to !r hi ghcr than th.;o of the nitrut ,cn trcat ent. 

Th gul.Cut a",.. data proved ci: th'r, of an exception to this as can 

be sets In the (onfilsteft rclattun:hi p L twcen treatrtnta and their dry 

, lecvcr, the £.tnci -c(-ntro associationmatter antd crude pr tcln yl (:A 

outyiclded tle c01trol trCet:,.nt in both rv,_pccts. Althau,,th grasN-centro 

did 

nitrogen ferttll:,tIotn. tl.cI r yJOid v.i,. g .nrally as high as that of 

unfortilitted grat-i antl th, I: crudt' protein cuntu,nt m.och higher. 

Thu unfert lI:,-,l totrul trut"::nt yIeldud li th hi ',Lgt growth 

response anld tge t |ible Jry rnvttvr in l'untero nnd ertaryra.n Uhtch re

flects the rolatively ,,ptlnt= natural soil fertility of thu area. Vow

eur itsboth 'rise tit, centro uatociations yiolded a auch or more crude 

eallociatoi 411 fot Ihow aS nuch of a grktjow rev.puwl, an re.il ted from 

http:trCet:,.nt
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Figure 8. Growth Rate and Crude Protein Production of Guinoagrasn and
 
Elephantgrass for the 21 Day Rest Period: Dry Seasont
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Figure 9. Growth Rate and Crude Protein Production of Stargrass
 
and Buffelgrass for the 21 Day Rest Period: Dry Seasont
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protein per hectare. A similar responne to the fertilized treuatnwit
 

was noted in guineagrasa and in buffe1jrass. Legume associations
 

resulted in the best overall dry season 
(21 day rest period) perfor

mance of both olephantgrauu and 1'nngola. The crude protein coL1tent
 

of the elephantrnsA was aignificantly higher (5% level) than th"
 

other treatments when associated with the legumne Cntro , hrot'-cnn,
 

while the crude protein content of bufflgrabs Was signlficantly higher
 

than the other treatuents when associated with both centre nd i1ratro.
 

Two patterns corresponding to the growth habits of the Uras
 

species wore observed in the yield data of the variout trcataents ovor
 

time. The yield pattern of gulnoo4rans, apr.i,
end Pluntero
 

followed roughly a convex curve startin oiid eedtn 
at 4ppoxlt4toly th.,
 

same level with high points occurring duritv tis
uecnd, third, 4in4
 

fourth harvests. 1t'hile the yield pttern for tlho tolontferouo grai
 

species followed a sharp trian|uar c figuration cbnaracterf Je4Y a
 

severe growth rate increase fron the firot to tse tieoord h4rvett anf
 

a relatively steody yield declitio throuivut the oviton to A levcl eqtu41
 

to or slightly below tie yield level of tli fMot hrvrit.
 

Fluctuatonn in the botanirAl corl'uition of tho bwardtfron the 

point of viewi of t1, legumo can beat be undrotood by fociitiinl on the 

legumo Contritir..pijiboacenn which wvs proosent Ift tho wirds of all ofx 

grasses ingreater proportions than tho other l¢tunw As hovtn inTable 8.
 

The amount of centro In asbociation with gulncar4oi and ptgl|piatrois
 

increased from thc first to the third hnrvots in a convex pattern simlar
 

to that of the yield dat4a, wheres the Aunt of Centro nsoClattd With
 

Puntero decreoas" in a linear fabhlon (ruts 55% to 30Z. With the htolont

forous Craps 9; oo ih centre porcontigip 1ncroseJ o'vr tIt (ruts 
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Table 8. 50tAnCl41 COupoltion of C4r4au-L. 6 A05o6Ia9Itio 
for the 21 IWy Y€ Porlol4 Pry 5eaon 

I I I 
rrir Untot ogoW@ 

Contra 13 73 22 5
 
Irstro, 2- 4 It 5 4
 

Dpoaod fus 3 -25 O3 12 5
 

Cent ro 7 -22 S114 1 
Stratro 3-11 to 4 4
 
Dolixojiu 1- 12 90 7 3 

Punt ero 
Ce.t ro 30 - 5 50 41 9 
Sitraro 2-11 6 6 21 
Do.wjtu 5- 37 60 20 20 

pan*o 14 
C ntro 15 - 35 34 23 4) 
stratro 111 4- 7 45 

1-401u 54 434 3 

Star 
Centro 5-37 S 22 20 
Sirstro 1 -4 74 2 it 
Doopodi 1- 70 525 

Duffel 
Contra 13-44 41 37 25 
Sirut ro 2- 5 76 3 21 
Duowdlsm - 9 73 22 

Ng wean of 1S values for the "eon 



rou4y 102 to 3510 And tib coppotV040# of tho.ouw 0R4 otand~i o
 

Att.1o"0d a certain balance 1n all CA*#* accord1#4 to tw aga~rt*iv01wro 

of the Ora*# ow@* With tho bwfiti typo &F400 opoclo§* tho ceiflro 

rvn"T covier@J the opnf AF@r tbtwo# Av4A0 P11ta 444 lrw##, t#4roby 

prown41nn th@ smc~b of uft4ftt@4y toro'io. The 041Y 1ft~te of 

ovewrvt"A~n v,#4 cootition Val* t@ inS PenA1q1 Vlitd rue tho ovw 

cond barwvt onvaird OYefr#4 (to~ rurfl OA4nf 0r',10 Oilteo 

(aphid.). nhe vo# comwooent of tbeo- lwenr firhotv#4 *i e 

wre ltnoar (4-741) torrit-46 to propwtSt"' to the &'f1Snw of ta~ poia4. 

however 1nCF@4*@ of the l* ~~r~otwEt V4, r#e1vlv Maw~ by c~i~ 

000. whl#4 Ch r4u&,044 III?.e4 to~ f~ww 4t tt lP 1jtiftf of tt r41I" 

diovooo 6,upoob wro 041e4 ont ,ClvfJ 44C4 $Uvte3lep,5~ 

analy1ed by tbo Pd~nt ofv~hrliof 0,#the t~ptliwoi-af 

dio@.0e, at ~ tove4 t a$ 4d 44regetty 

whsich ViJUW4 ut the0*# d &Ft~th#t*J 4e~ tOf tho 

pl antsa. 

ThevbbU~ h ~ KO fpeeeI~ 6oeJe'F ~t4PP Pr 

to the firat harV#§t @ tho 4ry 0044f 1044 pljp*-1P' ;1ratj0 0404htw 

this period CAUOU" h@AVY d4414iot AMi rod4acinj the rat# of Forowsdh. 

This accounto tor th@ poore WefOr~OW0 Of t410 A"4104- W~IritR tt* 

third hArv*t (sotoe~or 7(4, little loa( vtrus diioa.. eyoptone veto 

noted on Oofolm i~5ovtufs. Mlthe4tI thle J14 root dootroy Moteinj 

vegetation of did the wbbltight J1004440 It sitd flogrovth which V411 
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rT 1e(Ict4 In Y1014 4.1.. ft th. vtioloo Plots Contalein d4bowRu 

MWd Sitrom as4c"dattos wro wt V041r th## those with coatroeim 

mixture@. 

Th Y101d0 of all graci, fpeeie; am iliir repoctivo trw0@41tv 

doclipod ohoirply fro* tho fo0.rth to tho s;tucht harvOto (oaiiobor 17

tho enAll plot border effoect,Noyeair 210. It vd* during (t## tt~o 1,40t 

was nottr* a* ##Fly A* tho hafC#4t WOW@au vory iprwunwj.whbich 

XW-pot v-hlor#-tt vi4* mt ovi laii te Wf #lg,#4~ plol, aup#CIly 

d#W4iv". fivtvir, tho unkirttict04 irdnwt of #)I the gra*4 OP4,CtO 

I$. J4*t the(f#40muiontrooti.4ntritot detIiiocy t~txp- 00 tO4*i.,r 

Of.00venth ti4tveit, 4t4'jiba (he t4Etonal 5pCVI8j vrejc4ti"4 the 

Way 6#a60o 49 tjat45#4, 0*44 r~itC of th~e pmont of the WOrJ~ 

offoct of Vich plot V44 cotqiud 1U r4i W44, 41lnt*~4 eon is tr444ej 

*SWO (1-10) jepef4ifla on' the 401rod of 04e br4ar ef te i. Afithor 

GuIvVA* cI4o*dut4 )004*~fy , th(VO V#41,* 4f(#r Ike *VC004 n-0roge" 

tortiIlifr aplifi'n (1i I'd WK/h to 	o-0 (t# of OUAW41410~ .ttrAto). 

4w#46# oft ~tfae Of 5 UJ*'II4Tim (ertilip#f tf14rw"mt 1 dn 

pot oIbserviI1o" 'ttlo itho uaitfettlI,1 trdimmoto &drgot41.33 untt;o 

per Ob*eVf4ti40. I1t barder #ffe~t f4ft1 104 Of t1e40 5lt* lt 

decrvo#4 An avor~to ot 1.0 units. It isth~rsiot@ avident thu. plit 

grow~th 4urlog t%# vx*,n4#4 dry *#a*on, pArticularly vtd o;UhJected to 

frejut dtfollaion, 14 l1it*4 ot Only by uoti' re stiroo, but Alto 

by AVAIlASle *411 fttr4#n. U-0 total y16ld Of All flIN grfi;; 4PICI 

sttdi@d In this vxporivont 4#edined as tho dry 6@aIwn proge;otJ. Vith 

tb. $0dd0" co"uencatnt of the rniny 004foft (ollowlI a prolonprAJtry 

the hovailoillity coli4rot11,on, tterv If40 a fhsoh of growth duo b~oth to 
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to tworal 0jil oitrifilrat4oo. For Odu reosoo, tw"t WrJer (Affoct 

djnj#4jbIlt!J 141 the kJ11feVtt14Zt7J tlfe4tSellt 

jtj0JtCj fjjtfkAJ Li J* dt IIIJS ti-W. bUCh 144 N -NNOV plant 

aciufdiliL!Ys 46 vat, bvti In (Le ttvc: toij febi-onsd of 

t Irc 4thwilt citLzcf .,,I 1,UJA* 41cv 6 ; cared (ilat lite psczcl,, c of tho 

1#40ase in 0,0 *vaid t4 ti 4 Lfita, --pcc1c;s rejwVJ, it not co4vlotfoly 

altut"19A, ttlt riif ct. 

Won lhe CIA 46b4Ct4ttP# W40 16,40004 40A 

ejuie plotoin. it Va,* tO,4fiJ 0141 40epit4atgr4§4 

tLcIf C.1-c Ll 1; v ufA i tft 41ruefttbe 

tj '0* 

;,41'C'J I at 

cro4d P10(c4VI % 14CN f.,14,44 vital tclAra. j1;c tAotttlttam * putet," 10,44tc,41, 

iAcfg-t)6tj 

The I I thd tor-Aimt1aft of-,t 

tb@ owporfu l't It* :,41 W t,,4z4t 19 qj V; 11 1,d ftfet tc J to or%Ott: u4ttly
 

the sw;*n tcu claftsfe va*
 

sot@4. 0,1,1 f-41e,! sti kl 4,-cfzvv Of '1, 4:*** pt FU6'AI,# 40*pi*f#4
 

to I Ict fh,,!-A1j ((,I !I-,r,; fc-tfinctly 41ecutzr-4 LItir bcvtLjj,
 

fut 04t 4 1,afvczt* I., Qv4:rt1,at1#,p4 In "OZAA(a . I he 

Vg,;, U40 

the Y1014 of 1140 00wr Ar-lb* 61,6d#4 tvot,4. V1411,0 t1fp, contro 40.4 te-ftilited 
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Table 9. Wany $@&son Quantitative Production Data
21 Day Kest Period 

Ory KIlt rIY14 C"'potnt Yield 
Total Growth tor_-A-arveaw&.

Grass 	 Treatent 4§ rat Crass Legume
 

kg/ha g/al/day kg/ha kg/ha 

Oulwa 	 Control 5,40 6.5 4,814 
%I.ro v a 7,760 9 2 7,00 6 --
C*Dtro 7,124 8.5 5,202 445 
Stratro 50452 6.5 3,334 264 
I00ndium 5,688 6.8 3,953 177 

glephant 	 Contro1 8524 10. 6,059 
litrop"n 10,128 12,) 0,909 

C4" ro 9,30 11.1 6,793 840 
Stratro 906!4 11.4 6,,741 194 
Ivawaiur 7,916 9.4 6,024 91 

5.9 3,60 --ruotgro C40tiol 4.,94 
itrot4~ 4,206S 7-5 4,615 WI 

Centro 5,764 ,.9 3,625 03 
Slratro 6,04s 7.2 2,994 19 

flsW4,UO525 6.) 2,251 103 

raasol* 	 Coatiol 4,208 5.0 

C'+tro 	 5,776 6.9
Slr .tr@ 	 4,|80 1.7 '-- .. 

4,560u 5.5--
S 

Star 	 Contirol 5,272 6.) 3,951 
MItreoft 6,712 810 4,439 
Ccotro 5,572 7.0 1,935 710 
SJratro 4,412 5.) 3,673 158 

Do"IN4,640 5.5 1,799 16
 

-luffel 	 Control 4,164 5.0 2,944 
Wi4 ,644,k 7.9 5,214 sa.
 

C*#tro 	 5,764 6.9 2,161 (48 
StrAtro4,65)2048 
Dvwsslu4 	 5,300 6.) 2,98 71 

Oft NIIMOW_ 1 
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tvastmental although not significantly diffe~rent from~ o&.ch others were 

significantly higher at the 5%level thian thec other three treatmniits. 

Thin fa*ct v4eif(Ses the potIvnt t- l of I ~tit it11 -at Jon, onice a compatible], 

[tc I ti Viadapte spe~t~.1ies adequttt ly CSIt.Ibit ]Wd. TheI euri Cent ronerii 

Pvi-C -I ded morethani el t hr of tli o t her Ivs-,um'J rt-es ~iwOth all 

six graa~specI iand lIn thke l ate dry sevason (barvvei-; 5 ani 6) and In 

the obrly rfl-, h un 7) . tiiju1 (leant ly outylijtu (hi.-c-t contro -Ided the 

other four t rvcttnent. 

$tnc'e4 ~r~lt dry t,Atttur yi cddt; arv parti ally a funict ion of yield, 

lyeJ aatho quAit~~tit rrt~eltt'd In Table 10 ivj),rt' th:". (cr1 i 11'ed treat

*onto of &.II -A gi -A; CIV6 1ItJcI tI.t hi I vI oij . I(Dweve r 

crude p LotVt-i picturc ez,0vold d1! rtid ly. tigurt 10 illu!.t rates tht

velattoit-uhi p lbeti-t-el v il 41J' Cl t . ilo(Al CnProdu~ction tbr- t he two 

h I)V~r .tit * the 

hiclictI)IIY1iatl" : ri peI*T 'tit- c zd~IS. ra1t ro-tephant 

assocI t~t$O1itil ti ird1j ru;. re dry n itt er 1cr he&tt re tiihai thev cont rol, 

but l ip** 4 01ili l 11)i~loC tItr t' Powit> 1 oy'btli 01-t' alaioc itI ititl 

y1oldeJ mtc :rt&- prctcin ;petr i.r-, Car t~il- M1 vi ie.r Oic cont rol or 

Cotltat eirtt~4 tlic ratjry riod w.itl an 4Jdnt age ovcr thev otber tiwo 

)@ga~a~l a tothi i 10,4. o iii .eatito .314 V~ry lit tl Int'ect damz'46 

o othi Sfrat rn sAnd diivronodiumhod booni ,outc-d cii it %Oer-ati hes dcielfit 

hod bet~n I IttrJ by lite-34o~r. Weed cor;-eirttion becati' 44 pi.Ary conz~Jdora

tic"tienct rarpIV *4)1 I ~a4 tt r. jvivl a'olu tr (:.ial be riven in Tabl e II , 

the porcelitaje of w'v.$? in Oxr bet 4111 al crwtlniof 411 I i x grnia 

by the pil*;iI patihology laburatory uf thi Pi'chiliunue lixperittintal Stationt 
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Table 10. Rainy Season Qualitative Production Data 

21 Day Rest Period 

Grass Treatment 
-DIjet~h~IcDry 1lt~teT 

Percent Yield 
-PrTo te in 

Percent Yield 

kg/ha % kg/ha 

Guinea Control 
Nitrogcn 
Centro 

49.7 
46.7 
49.2 

2,724 
3,624 
3,505 

11.1 
12.5 
12.4 

601 
982 
884 

Siratro 49.6 2,704 11.1 601 

Desmodium 47.0 2,673 11.2 621 

Klephant Control 
Nitrogen 
Centro 

55.0 
54.3 
50.4 

4,688 
5,608 
5,054 

15.3 
16.1 
16.0 

1,235 
1,259 
1,491 

Siratro 54.9 5,279 15.1 1,472 

Desd dIurn 53.0 I,,195 15.3 1,209 

luntero Control 
Nitrogen 
Centro 

52.5 
50.8 
50.3 

2,585 
3,1814 
2,899 

10.2 
11.3 
11.8 

500 
705 
734 

Siratro 50.9 3,078 10.1 594 

DosmodiuM 48.0 2,523 10.8 566 

Fan.ola Control 53.6 2,255 11.0 463 

Nitrogen 54.0 2,845 10.8 632 

Cntro 46.7 2,697 14.0 796 

Siratro 50.1 2,40S 10.7 516 

Desrmodu. 43.7 2,234 10.4 465 

Star Control 
Nltrojten 
CUntro 

48.4 
51.4 
50.0 

2,552 
3,450 
2,936 

12.8 
13.8 
14.2 

669 
895 
812 

Siratro 49.5 2,18 12.1 525 

Dcnmodfu.n 49.6 2,311 11.7 532 

Duffl Control 53.6 2,232 11.1 453 

Nitrogen 
Centro 

55.7 
53.9 

3,701 
3,107 

12.5 
13.0 

841 
763 

Siratro 53.3 2,381 11.1 489 

Desmodium 50.5 2,676 12.2 646 
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Figure 10. Growth Rate and Crude Prote.r Production of GClruigrass
 
and Elephantgrasis for the 21 Day Rest Period: Rainy Scasont
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BotantC41 Co-posgion of the Grum-l.ogu,vo t.uioclation6lTable 11. 

for the 21 )ay Rct t Period: Mi:ly SeaQn 

a-e 

Range CrAti s l.gum Weed
 

Guinea 
Centro 
Stratro 
Desodium 

3 - 20 
4 - a 
I- 5 

70 
62 
70 

6 
5 
3 

24 
33 
27 

K)etphontL 

Contro 
SIratro 
Dosodium 

2 - 14 
0- 5 
0- 2 

65 
68 
75 

9 
2 
1 

26 
30 
24 

Puntero 
Centro 
Siratro 

DOIOIM0 

3 - 19 
0  2 

- 6 

58 
54 
49 

8 
1 
2 

34 
45 
49 

Centro 
Stratro 

*Doxw-d1i5m 

4- 32 
1  9 
0 -2 

32 
39 
41 

12 
3 
1 

56 
58 
58 

Buff@) 
Centro 
Siratro 
Dbuenodl 

4 - 32 
1 -2 

0- 5 

38 
62 
49 

12 
1 
1 

so 
37 
50 

*1 men of 12 values for the Season 
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were tirat n~otedJ duri,, the tir~t week of Janua~ry, 1973. Your weeks
 

later the da. g wa xtensiive in al1 plotti contaij,!$je cettro, and only
 

the new lea~f n-it r t a appe~tred to be free (of t he ditao ThO dis~ease
in 


occurred at 4 t ime of ). th rlf~l afisiu] Wit h)u!-4i tf tilt! decorpofii 

tion of deadjI .tlt' and~ v )c 1 Wnof ntit r~cnt. wvt, ext ruluy rapid.
 

Yor thiti rvatn, tilt- ii- o(141CA&1'1e;': :npccf(t' Ill nil hou'.C
isf*~ .1 much 

more rapid4 Nuz.14 of t T I.-c0 iji th cv-:rI l.u ' Oil- ht'r ti.pec itva,thall I o Irue 


and Wved k4I -i IAhr A ca(.1 rr Iit trailla
Lrovwits Litu IIl i;tvitivr . 

trial e ituly r p. nI Ith Cliij 111 u" 'IfiJtIA Uct-t.t rcI pub) i ('at tol 

(I:::M' 1911 1nh1ditv t IAo d4ttitu itfc ti d ttl thc :4," esu 

sonal ti-.,- pti- w.!i..th Attu ~.ct~ ~c.tI Its their titudy, the 

percenstN of cctf 1,I z v z..tJ 4 1twctsv u.t e-J1 1 Octob.er until 

late J4144.1ry (tlivi) It t4:~j-c to thin 10".(E 11I proxi r..mt 4y 

on* nontli. Vtt..vvry, aA& ,v Ver~y r.apil. -o..! by 1,4 (1 .e#6,~ 

monthel) tilt puris urd of 'Cn1tto III the4L,t t.Al4i ri-trI m to i~fppIx i!,tatO1Y 

25. Vie ivtult, ut tl-,-ei ~ t~ at~ :.tur*--in1t2 rentro 

tiallue In tu up.: 1.. . to otta a it O'C !,urill.ir of~ tilit- railly pip

son, tirgo..14 I.- fit of tilt, Jiit-e il ntittvitr r t .a 4 1y tilt 

docoi'~~~po#")1~!.~ tirit&: ArucI h ..j-,wdi .1:e uptlio 1~ fut ,iteby 

the str.luc Iat 4jgE.-) pld at ulw jjWl I& Ot O' ho 

guirloosrattl %-Ad tIs~ el tlher -itaclt- vJi1it ,- ot or fort 1t.1 h 'Iit 

nitrogeni O4'rf: r~*in-, vt~ t4~I tviov t ly ),ij:Iwrtlu ;'tod 4. n ia AlIt nlffiit 

(O2 It-YrO t ro~t" 1'oe th;.t.n Gorr r-tel "JiIt- Vvci buldve 

L:iet (ol62fi.ra rudeto othe'r Itu.it* (stu. Ihil;:t : talisj ci. p.ro

tamo vwhor'.ti g~icr:*a III vI th o (cri II Ice:oitI ac.tieIJC411i ctint or 

with nitropen cutatrd 124 asnd 12.5,' crude protoint roppoctily. How

http:vwhor'.ti
http:ol62fi.ra
http:urill.ir
http:Octob.er
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ever, becauce the experiment currently being discussed was conducted
 

during the first year of forage growth, the amount of data generated on
 

the recovery and n'trogen contribution of cenro is insufficient. There-

In this arra Itineeded.fore further invo:,tir.tfLon 

Overall Anay.Ar 21 l. lW.it Peried (Moth Seasons(ifth DL V 

21 day rest period was combined and analyzed,When all tLhe 4ata for the 

elphnntgrass and gutn agra s were sigrn ificantly higher yielding (P<0.05) 

than the other gr.i:s specirs, hile the ftert1II7td t c,t:'uit outytlvded 

,wovor it Mhioultd lt. not,-d thaz t the )uincal'sthe othI, r troa tr.cnts. l*i 

t;hit altho,ut tl.t. centro yiteld'a were lowerMultiple 1'.' iv: .t hewd 

thin thhme Otattll.!A by lift ror,.cii fert Jil zat'lon, th,.e" di I ferenceu woere 

In 60. of thel. h;rvev.t , the fertilizernot aign fi calnt at t 5! I tvel , 

othr trv.atnrits, whereas in 40%treatment u..s foui t to out-yield the 

of the h rvt.ti thk centri trc.t.x at yi.l,! v ,is ;her. 1ie dutitodit n 

tli( ,, 44nd .pcci v hcwwd the pooretit partreatret and 'ouffe g I' .ngo]i 

foru~nce ovet.ll. 

The codv ;detotIn of vc.h of the I,-gut.e njpeerien waw dctoro contCnt 

mined flon, pon led collected At Csch hrotvvtit. CV11tro had lhe hi rhelit 

ruAe proteinu iantrmt (25.37). folloved byav"rarlo (ea-,: for 60 acal > %) 

r1Tfpectively.deumodium ( .5,.) atd Siratro (2l.].), 

Sleek C10"'111' PIr reafto 

The qucnttta.41v- d~ta (,is the threoI |14rv0tw of this 18 wcoL perled 

Th, yield of Osehthree tall grovinl, bunchto sumarlied i. lt'l 121. 


type gramp apoclop v= 5I6nificnntly iro:tor than the othor grawn ap ,cie
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Table 12. Dry Season Quantitative Production Data 

42 Day Rest Period 

Dryjlatrer Yield Component Yield 
Total3 harvests Growthrate for 3 harvestsGrass Legume 

kg/ha g/m2/day kg/ha kg/ha 

Guinea Control 10,146 8.1 10,095 
Nitrogen 9,633 7.6 9,567 ---
Centro 9,870 7.8 7,187 2,639 
Siratro 9,618 7.6 8,861 202 
Desmodium 8,592 6.8 7,592 843 

Elephant Control 21,933 17.4 21,808 ---
Nitrogen 19,338 15.3 19.048 
Centro 21,180 16,,8 15,611 5,263 
Siratro 19,440 15.4 17,629 1,527 
Desnodium 18,303 14.5 16,615 1,580 

Puntero Control 8,046 6.4 7,352 ---
Nitrogen 8,595 6.8 7,888 ---
Centro 7,185 5.7 3,5S3 3,476 
Siratro 7,494 5.9 5,718 928 
Desmodium 7,515 6.0 5,048 2,154 

Pangola Control 
Nitrogcn 

4,62 
5,256 

3.7 
4.2 

3,819 
4,046 

--
---

Centro 7,080 5.6 2,104 3,013 
Siratro 4,482 3.6 2,629 500 
Dosmodium 4,476 3.6 2,579 613 

star Control 6,528 5.2 6,88 ---
Nitrcgcn 6,477 5.1 6,331 ---
Centro 7,128 5.6 4,110 2,516 
Siratro 5,328 4.2 4,662 441 
Desmodit'i 6,909 5.5 6,601 183 

Duffel Control 6,756 5.4 6,488 ---
Nitrogen 5,661 4.5 5,376 ---
Centio 7,248 5.8 4,866 2,159 
Siratro 5,421 4.3 4,551 116 
Deswodium 6,498 5.2 5,397 694 
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and significantly different from each other in the order of their
 

respective inherent genetic capacity. 
All grass species reached physio

logical maturity and produced reproductive tillers under this clipping
 

frequency, so that only the climatic and edaphic factors limited total
 

plant development. Elephantgrass was tLe highest yielding species, 

and formcd a complete canopy w%,.ch controlled weed growth by shading. 

This vas also true of guineagras, ie secont ghost yielding species. 

Puntero yields were of the nex", Wiihest order, tit because of plant 

sparing, much ot t, eir botanical composition was wetll. Because of the 

lack of disease ani insect pests previously discussed in Lhe 21 dty 

rest period dry season, the centro associatLons sIgnificanly outper

formed the Slr:tr, and desmolium as-sociatio'AS, hoiver there w,.s ,o 

significanice betv'.z':, the ce:,I.ro, fertilizcei, and jnfertilizcd treatment, 

yilds. During tIL' flr,?l harvc.)t of this se:-ion the yield of the 

diLsea.sed Pango>. LraCMeUts , 'ee sfgn~f1c;intl] I \;er ,han tele yields 

of the other -species, and , it failid to recover during tie 

rainy season, ' eltnatu the 'hc yieldsit i f'oi. stuc,,. of al! the 

grasses .. ,:ept e1c-hantL;rass ini I'u.Lk.-, dec]'.ncl !n roughly a linear 

nunner os the Iry season p,.,greascd. YXe e'--p1,.iant!rass and Puntero 

yields increased durfig the .-ccond harvest, ttiln dr,'nptd sharply to a
 

point well be-low the level of tile fLr.st harvet.
 

The qualitative data pres(nted 
 in :tb.e 13 ::idl cates that the guinea

grass fcrti f . , ,.,star, r5-ceatro, and buffc2: ' h -ecntro treatments 

were higher p'rco-nt.,ii diretib lity "hL.rcfore i.dIn digcstibl: dry 

w,,.tcr prcatC.:on than the other trcAments, respectively. Both the 

crude prtv.n content and yield were higlhet in the centre-grass associations. 

http:ce:,I.ro
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Table 13. Dry Season Qualitative Productiou Data 
42 Day Rest Period 

Grass TreatLent Dige~ bi,, Dry "atter Crude ProLcL in 

Percent Yield Perc-nt Y.ield 

kg/ha % kg/ha 

uinea Control 48.4 4,901 13.0 1,355 
Nitrogen 
Centro 

51.6 
47.2 

4,971 
4,659 

11.9 
16.1 

1,175 
1,595 

Siratro 48.3 4,645 13.0 1,304 
Desmodium 47.8 4,107 14.3 1,281 

Elephant Control 
Nitrogen 
Centro 

51.3 
53.1 
49.2 

11,252 
10,268 
10,421 

16.1 
14.5 
18.5 

3,724 
2,8;l 
4,020 

Siratro 52.3 10,167 14.6 2,883 
Desmodium 52.7 9,646 15.1 2,840 

Puntero Control 55.3 4,449 13.0 1,082 

Nitrogcn 
Centro 

54.4 
53.0 

4,676 
4,0h 

12.1 
17.6 

1,047 
1,309 

Siratro 50.6 3,792 13.6 1,046 
Dosnodium 51.9 3,900 14.0 1,069 

Pangola Control 
Nitroben 

51.7 
49.8 

2,393 
2,611 

12.6 
12.3 

612 
695 

Centro 49.2 3,483 16.8 1,170 
Siratro 47.5 2,129 12.4 569 

Desmodum 47.2 2,113 12.2 574 

Star Control 
Nitrogen 
Centro 

47.0 
49.5 
51.3 

3,068 
3,206 
3,657 

11.3 
12.2 
16.1 

738 
815 

1,213 

Siratro 46.8 2,494 11.7 627 

Desmodium 46.4 3,206 13.2 941 

Buffol Control 
Nitrogen 
Centro 

52.7 
53.1 
55.8 

3,560 
3,006 
4,044 

11.1 
11.2 
15.9 

749 
630 

1,154 

Siratro 51.8 2,808 13.1 712 

Desmodium 54.4 3,535 12.4 819 
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Figures 11 and 12 graphically reprvsent the relationship between 

dry matter production, botanical composition, and crude protein yields 

for five of the six grass fpcef,; and their retipectIve treatmlents. 

Here agaln, although the dry matter yields of the centro-grasn associa

tions were comparable to those of the fertilized zind unfertilized treat

ments, their crude protein yields were significantly higher In all six 

grass species. 

Table 14 indicates the fluctuation in botanical com:positicn during 

this period. The centro-grass associations contained a much greater 

amount of lcgume in the sward of all grass species except buffelgrass 

than did the associations of the other legumes in which the legume 

performance was limited by diseases.
 

fr-' Frenncv:6 Week ClLp ' Rainy Season 

Tables 15 and 16 su,:marlze the qurntnLtative and qualitative production 

data for this 12 week period. The same three tall groAtng bunch type 

grass species produced sinificantly more dry matter in the same order 

as during the dry season. There was no significant diffcrence between 

the yields of Oie short gruwing specie3 at the 57 level, and although 

the three lCgumc associations sho,ed greater dry atter production 

than did the fertilized and uafeitilized treatments, the differences 

were not significant. This is the result of a number of previously 

discussed factors such as high natural soil fertility, Increased rates 

of soil nitrification which occur during the first weeks of a rainy sea

son following a prolonged dry period, and disease limitations on all
 

three legume species which caused a turnover and cycling of nitrogen
 



Figure 11. Growth Rate and Crude Protein Production of Guineagrass,
Elephantgrass, and Puntero for the 42 Day Rest Period: Dry Seasont 

20 Guinea Elephant pumtero 

Growth rate 
Dry 'MatterC0 
glm7/day 

Cent. Feet. Cer. Sir. Des. cost. Ft. CCU S*ir. De.J Cot. fet.1 C_. . .mr.D. 

3 

Crude Protei 

gj/2/day 

Guinea Elephant hintero 

0 Cent. Fert. Cei. Sir. Des. Cant. Fert. Cell. Sir. Des. C..!. 

t Shaded areas represent the iegume co=ponent of the sward 

F.rl. Ce . Sir. Ds. 
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Yl~ure 12. Growth Rate and Crude Protein Production of Stnrgrass
 
and Buftclrave for the 42 Day Rest Porlod: Dry Seasont
 

star Suff l 

6 

Growth rate 


5 fly
Dry Matter 4.
 
g/m2/day .
 

3 

2 

1 

Cest. (ert. Cos. Sir. De. Ce. Feet. Cos. Sir. 046. 

2.0
 
Crude Protcln Star Duffel
 
g/m2/day
 

1.0 

Cost. Fort. Cc m. Sir. bes. Ce. Fort. cen. sit. Ie. 

t Shaded areas represent t' logumo component of the award
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Table 14. Botanical Composition of the Grass-Loumo Associationu
 
for the 42 Day Rest Periodi Dry Season
 

Legume i* Botalilcl Composition 

Rango Crass Loegume Weed 

% 

Guinea 
Contro 9 - 47 70 29 1 
Siratro 2-10 93 6 1 
Desmadium 4 -15 90 9 1 

Elephant 
Centro 12-37 75 24 1 
Siratro 3 - 13 92 7 1 
DosmoJium 1 - 14 92 7 1 

Puntero 
Centro 42 - 54 51 48 1 
Siratro 11 - 15 73 13 14 
Desmodium 8 - 40 68 24 8 

Pangoln 
Centro 37 - 63 23 46 31 
Siratro 4 - 17 53 12 35 
•Desmodium 7 - 22 50 15 35
 

Star 
Centro 29 - 42 58 it 7 
Siratro 6 - 11 87 8 5 
Desmodium 1 - 4 96 2 2 

Buffel
 
Centro 2 - 22 86 11 3
 
Siratro 1 - 35 72 17 11
 
Desmaodium 5 - 33 74 14 12
 

* mean of 9 values for tho season 
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Table 15. Rainy e'aamon Quantitative Production Data 
62 Day Ruqt Perod 

pry -att'rYield Component Yield 

Grate Treatment 
Total

2 harvetn 
Growth
r1L4 

for 2 harvests
Grass Legume 

kg/ha g/m2/day 1g/ha kg/ha 

Guinoa Control 8,654 10.3 7,924 ---
Nitrogen 8,914 10.6 8,281 ---
Centro 10,744 12.8 10,202 490 
Siratro 20,280 12.2 8,482 1,130 
Desmodi um 12,772 15.2 11,203 782 

Elephant Contro) 
Nitrogen 

18,440 
18,002 

22.0 
21.4 

18,356 
17,515 

--
---

Centro 17,886 21.3 15,771 1,773 
Siratro 16,804 20.0 16,365 348 
Desmodl u 17,680 21.1 16,950 76 

Puntero Control 6,714 8.0 6,148 ---
NI troger 7,080 8.4 6,490 ---
Centro 7,774 9.3 6,512 1,105 
Siratro 7,878 9.4 5,323 1,102 
PesnodJ uni 7,912 9.4 5,854 633 

Pangola Control 
Nitrogen 

4,328 
4,900 

5.2 
5.8 

...... 

Centro 6,896 8.2 
Slratro 5,594 6.7 
Desmodium 3,970 4.7 

Star Control 4,868 5.8 4,768 
Nitrogen 7,246 8.6 6,153 ---
Centro 6,118 7.3 4,084 1,166 
Siratro 6,056 7.2 4,140 1,078 
Desmodium 5,532 6.6 5,043 79 

Buffel Control 5,658 6.7 5,394 ---
Nitrogen 5,102 6.1 4,880 ---
Centro 5,716 6.8 3,920 553 
Siratro 6,130 7.3 3,838 346 
Destodium 59356 6.4 3,809 73 
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Table 16. Watny Season Qualitative Production Data 
42 Day Rest Period 

Digestible Dry MILter Crude Protein 

Percent Yiel-d Percent Yield 

% kgiia % kg/ha 

Guinea Control 44.1 3,816 9.8 842 
Nitrogen 
Centro 

43.6 
39.2 

3,887 
4,212 

11.0 
11.6 

983 
1,245 

Siratro 39.9" 4,102 9.6 978 
Desmodfum 40.6 5,185 10.1 1,274 

Elephant Control 
Nitroj,,n 

47.8 
49.9 

8,814 
8,983 

12.2 
12.5 

2,213 
2,270 

Centro 45.9 8,210 14.2 2,522 
Siratro 50.0 8,402 10.8 1,805 
Dosmodium 47.5 8,398 12.5 2,171 

Puntero Control 52.6 3,532 8.5 571 
Nitrogen 50.7 3,590 9.8 688 
Centro 47.1 3,662 11.0 857 
Siratro 46.9 3,695 9.6 753 
Desmodium 53.6 4,241 9.0 714 

Pangola Control 
Nitrogen 

49.5 
46.2 

2,142 
2,264 

7.5 
9.4 

330 
462 

Centro 45.4 3,130 12.7 847 
Siratro 46.1 2,579 10.1 561 
Dosmodium 43.7 1,735 9.5 369 

Star Control 43.1 2,098 8.6 414 
Nitrogen 45.8 3,319 11.0 801 
Centro 42.7 2,612 12.9 758 
Siratro 44.3 2,662 10.3 620 
Desmodlum 46.8 2,589 10.3 561 

Buffel Control 52.3 2,959 9.4 512 
Nitrogen 
Centro 

50.4 
50.2 

2,571 
2,561 

10.5 
11.6 

517 
651 

Siratro 46.2 2,832 9.6 581 
Desmodium 50.4 2,699 9.6 505 



83 

contained In the legume plant parts. 
 Complete physiological develop

ment of all species occurred under this infrequent defoliatlon and
 

optimum climatic period. 

Although the legume-grass associations gave the highest dry matter, 

digestible dry matter, and crude pro'.in yields with four of the six 

Brass species, the fertilized tr,,tm,:nt outylelded the other treat

r4ents In all three af pects of production with stargrass.
 

Figure 13 Illustrates the relationship between dry matter and
 

crude protein yield, for this period for the 
 three highest yielding 

grass species. Once again, the -cntro-gra!,'.s associations produced as 

much dry did oror more matter as the fertIl..zed unfertilized treat

ments, but their respective yields of crude protein were significantly
 

higher.
 

The botanical composition data for the 
42 day rest period during
 

the rainy sea.;on is found in Table 17. The 
 previously discussed viral 

and fungal dis-ease limitations of desmodium and Siratro diminished 

during this period, while the percentage of centro in the swards dropped 

considerably due to fungal attack. 

Overall Analysisof tie 42 Day Rest Period (Both Seasons) 

When all. the data for the 42 day rest period was combined and analyzed 

statistically, elephantgrass, guineagras-,, Puntero outand significantly 

yielded the other treatments at the 5. level, and were sJgnific.nty dif

ferent from each other in the same manner as they had performed seasonally. 

There was no significant difference between the treatments for this period, 

however a ranking from lowest to highest, showed centro finishing above 

the unfertilized and fertilized treatments, In that order. 



Figure 13. 
Growth Mate and Crude Protein Production of Guineagrass, Elephantgrass,
 
and Puntero for the 42 Day Rest Period: Rainy Seasont
 

Guinea Elephant Puntero
 

20 
 1
 
Growth rate
 
Dry Matter 
 K 
g/m2/day 


10 

C-t. Fert. Cen. Sir. s. Cont Fert. Celt Sir. Ves. Coe* f.et. C-. $,. 

Guinea Elephant Puntero
 

2.0
 

Crude Protein
 
g/m2 lday
 

1.0
 

Cent. FerI. Ce . S0r. Deg. Coat. Fert. Cet. StCr. e . Fet c". Sir- bes 

t Shaded areas reresent the lLLumL 
________ofth_ 

_ard 



85 

AssocintionsToble 17. Blotanical Composition of tho Ctas-Legume 
for the 42 Day Host Peri(d: Rainy Seauon 

. . . . -* Botanical CopQu;ition 

Crass LWrue eed 

Cuinea
 
2- 7 94 5 1
Cenitro 


83 11 6Slratro 5- 17 
3 - 9 88 6 6Dusmodliutr 

Elephant 
2
88 10
Centro 8 - 12 

1 - 3 97 2 1Siratro 

0 1 96 1 3Desmodium 

Puntero
 
2
4 - 24 84 14Centro 


15 18
Siratro 11 - 18 67 
7 9 74 8 18
Desrnodium 


Star 
8 - 36 63 22 15
Centro 


67 18 15
Siratro 15 - 20 

7
1 - 2 91 2
•Desmodium 


Buffel
 
22
66 11
Centro 3 - 20 


5 - 6 63 5 32Siratro 

2 32
1 - 2 66
Desmodium 


mean of 6 values for the season
* 
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As was noted durin8 the discu-sion of the overa1l 21 day rest 

period, centro had the hipho.st erage O0'an of 30 mn.ilyresi) crude 

protein cont,.nt and the .-;r,,lliest 1.1nn1 or dgree of crude prot (,n 

fluctuation of the 3 l e:u:c speci c; stidtlol. Centro av".vrad 23.3% 

crude protein during tho 42 day rv,!; , perfol c l rca,,d to 2 i.3Z for the 

21 day rest period. Stratro contained an average (if 20.2% crude pro

tein, and desmodiumi averaged 19.4% crude protein for the 42 daLy rest 

period.
 

http:cont,.nt
http:hipho.st


SUMMARY AND CON"CLUSI1NS 

The CompaLtl ty of 18 granf-legume atsociations, their perslstence
 

durlng both the wo.t and dry t..:,aonn, and the effect on fornge production 

and quality caus.ed by the Incl.ion of adaptvd tropical legunes into 

the award wais ttudlvd In the 1'tchil ingue Expi-ri,ntal Station on the 

coast of ECuador. This cxpcrtinc'nt wan con(,uct(d from ?-Liy 1972 through 

Yebruary 1973. Two clipping frequnclen and th(Ar r,,;pecttve 21 day 

and 42 day recu'vry Intvrv;il .,were u,ud on gut 'e , lr:epliantgras 

hybrid 534, Vunteio, Pangola, tar, a, and buffv Ilgras.- . Five treat-

Pont evaluations:; were r,.ide with each c.ras% spcc cIs. The control and 

nitrogen fert i l:.-cd trcatuunrts were on pure gra;.;s plots, while the legumes 

centro, Siratro and gren leaf de!r.modIurii were Incorporated with the grass 

species in the rt-i:An gl thr, treltrA:nts . Simple ';uperphosqthate at the 

rate of 72 ki, of i'/h Were -1p,l I d to all p10LoS prior to es;t.ablihinmont. 

The 100 kg N/ha nitrogon fort 11l;ation treats:ent was subdivided into 

two 50 kg N/ha app]I atIons;. During the Ki!y 31 , 1972 application, 

urea was used In furrows alongside the plont rows, and on December 21, 

1972, anmontum nitrate was; broadcast over the establishcd grass plots. 

A randomized block design withi 90 plots (5 x 10 mter.s) In three 

replicatlons was used, with 30 square meters serving as the net experi

mental area per plot. During the course of the experiment 2160-1/2 

kilogram forage samples were brought from the field, dried, separated 

into their botanical composition components, ground through a Wiley Mill, 



and analyzed for nitrogen and digestibla dry matotr. Obnervations and
 

fresh weight yield measuremonts were made in the field during the estab

lishment phmic ant throughout the vxi'erv,!nt. 

During the 11 week e.-tablishment period, insect and weed infenta

tion required control and some r,inor rodent damage wai noted on the 

tender lef seedling;. However thene factors were ue;d as toelection 

criteria once all species were securely entablit.;hd, and in one itn

stance later In the ,it',,k , the c rbinc, attack of S;chkl'7Pt": S '. 

i (ru:;t) on l'angolo forced Lit elitlinationPticritf,t valn'f 

of thOn spo:..Ic froi, further stuoly. 

(a,)hids) and e 

grass specien,During :;'bi :,!m.cnt , buffellratis outyielded the other 

In that. order, and the nitrogenfollowed by guintara= and eIc;'hantg,?s 

ferti11 .-2d trca L. t,. ot tyIeldled the other treatments. lie may conclude 

.S;eetb1Li i :;hed by seed develop more' rapidly thM
from thi ;, tl)att gra 

in,I If :upp I cd wILh .ade.II e 1,? 1 
vegetat Ivel y propagated pic I u!;, 

be further expaaded.nitrogen tlnP, *;rtt'<.incr-m(nt of gro'-tih can 

lowever the t outyiclded both the concrol and ferkilizedl:guaL rtrLn.nt. i 

becau,;e w'1th these gratin
treat;,-,nts in -tareravis, P;- ,gola, and Puntero 

the legure contributionSpCICes, Ce,tabli!h::;cnt wa r,lo'., i-nd con.tquently 

.Ationwan; greare,to the total botanical coripo 

cli wirc stress conditionsThe movt scvere defoulation regim, and 

,;cason of the 3 week
of this experifent were present during the dry 

clipping frequency. Elepinutgr8S,ar.d guin'a;ra'; , in that oc.ler, showed 

centro,thi; period, whlle as a group the
the greatest recovery durn-

were .;Ignlificant]y higher yielding
fertilized, and unfcrLII.:ued treatmeots 

which were limited by d".seasu. Al
o.han t-ho nthor two les:uine treatments, 

http:rtrLn.nt


89 

though the nitrogen fertilized treatment produced more dry matter per
 

hectare, the centro-grass associations yielded more crude protein per
 

hectare than did the fertilized treatments. This pattern was repeated
 

throughout the experiment, but was of most importance during the dry
 

season when the nutritive value of forages is the most limiting factor
 

in animal production.
 

At the beginning of the subsequent rainy season, a flush of growth
 

was noted in all grass species, however the centro-grass and fertilized
 

At the
treatments significantly outyielded the other three treatments. 


beginning of the rainy period, the amount of centro in the mixtures of
 

all grass species was greater than the amounts of the other legumes
 

which were recovering from fungal and viral diseases. However after
 

a month of heavy rain, fungal disease caused extensive defoliation of
 

mature centro leaf material. The growth of the associated grass species
 

w48 stimulated and the content of crude protein in the grass increased
 

in response to the recycling of nutrients released by the decomposition
 

of this material. Young centro leaf material appeared to be free of
 

this disease, and some overall centro recovery was noted two months after
 

the initial disease infestation.
 

Under the 6 week clipping frequency, all grase species attained
 

physiolog~cal maturity so that yields were correlated with the inherent
 

genetic vigor of the respective grass species. The differences between
 

yields were also less significant.
 

The performance of all species studied was considered representative
 

2f experience obtained elsewhere within the tropics of similar climatic
 

and edaphi conditions. Of the three legumes studied, centro was
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clearly the beat legume in terms of compatibility with all six grass
 

species, persistence, and nutritive value. The dry matter production
 

of centro-grass associations was not significantly different from that
 

obtained by nitrogen fertilization regardless of species, season, or
 

clipping frequency. However the centro-grass associations yielded
 

more crude protein per hectare.
 

Ecuador is facing a growing deficit of per capita protein consumption.
 

Livestock production on its tropical lowland coast is limited by the
 

nutritive value of its native forage species during the prolonged dry
 

season. The intensification of grazing pressure by increasing livestock
 

numbers to fully utilize the abundant forage produced during the rainy
 

season is not feasible if there is insufficient high quality forage
 

available to carry the same animals through the dry season. Although
 

improved grass species are available, at present there isvery little,
 

if any, conercial production of seed or vegetative material. Pasture
 

renovation and management technology are not widely known, and the use 

of fertilizers is still considered economically prohibitive. For these 

reasons the utilization of adapted forage legumes, which are present in 

abundance in the native vegetation, Is feasible both from the standpoint 

of their ability to fix atmospheric nitrogen and becaue they can pro

vide highly nutritiou livestock feed during critical climatic stress 

periods. Further research in the areas of animal selectivity, manage

ment, carrying capacity, micro-nutrient fertilization, Inoculation, and 

seed production will be required before grans-legutmic arisoclationel can 

be exploited to their full potential in developing tropical countries. 
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Table 18. Analysis of Variance for Dry - ter Production: Dry Season - 3 Week Clipping Frequency 

FDF Sum of Squares Mean SquareSovrce 

35.84 ** 5 5,139,728 1,027,946
Grass 

1 473,440 118,360 4.13 ** 
Treatuent 


0.85 NS

Crass x Treatment 20 488,332 24,419 

2 141,036 70,518 2.46 * 
Rap 


10 253,493 25,349Grass x Rap 

.reatitn x Rap 8 147,588 18,449 

31,558Crass x ?reatnent x RUp 40 1,262,334 

Total 89 7,906,000 88,831 

S: Statistically Significant (P<O.05)
 
*h: Rghly Significant (P<O.O1)
 

ICS: Not Statistically Significant
 



Table 19. 
Duneca'8 Multiple Range Teet on Mean D.M. Production by Grasses. 
Dry Season - 3 Week Clipping Frequency 

V1 Iv Im V I a 

673 771 873 899 1055 1413 
* * 

I: P.!'aximum
 
II: P. purpureum 
ill: H. rufa 
IV: D. decubens
 
V: C. plectostachyus
 

V1: C. cillaris
 

The responses not underscored by the same line are significantly different at the 5Z level.
 



Table 20. Duncan's Multiple Range Test on Mean D.M. Production by Treatment: 
Dry Season - 3 Week Clipping Frequency 

ts t t2
t4 t3 


922 964 965 1055 

t1 : Control
 
t2: N fertilized 
t3 : C. pubescens 

tA: . atronurvureum 
ts: D. ntor rua 

esponses not underscored by the same line are significantly different at the 5Z level. 



Table 21. Analysis of Variance for Dry Matter Production: Rainy Season 

source 
 DF Sum of Squares Mean Square 

Crass 
 5 11,292,208 2,258,442 


Treatment 
 4 2,482,097 620,524 

Crass x Treatment 
 20 955,260 47,763 


I,ep 
 2 1,253,316 626,658 


Crass x Rep 
 10 592,491 59,249
 

Treatment x Rep 
 8 622,155 77,769 

Crass x Treatment x Rep 40 1,793,384 44,835
 

Total 
 89 18,990,912 213,381
 

*: Statistically Significant (P<0.05) 
-*: Highly Significant (P<0.01)


NS: Not Statistically Significant
 

3 Week Clipping Frequency 

P 

43.55 ** 

11.96 ** 

0.92 NS
 

12.08 *



Table 22. Duncan's Multiple Range Test on Mean D.M. Production by Grasses: 
Rainy Season - 3 Week Clipping Frequency 

IVV1 V III 1 11
 

1317 1346 1413 1575 2285 

I: P. ma.xi=um
 
II: p. urnuretm 

III: H. rufa 
IV: D. ecc,.nbens


V: C. nectcst:achyws 

VI: C, cilinrls
 

7ha responses not underscored by the same line are significantly different at the 5Z level. 



Table 23. Duncan's 	Multiple Range Test on Mean D.M. Production by Treatments:
 
Lainy Season - 3 Week Clipping Frequency
 

t 5 t 4 	 t3 t2 

1357 1392 1450 1650 1791 

tl: Control
 
t2 : N fertilized
 
t 3 : C. pubescens 
t4 : M. atropurpureum
 
t5 : D. incortum
 

The responses not underscored by the same line are significantly different at the 5%level. 



Table 24. Analysis of Variance for Dry.Matter Production: 3 Week Clipping Frequency
 

Source 


Crass 


Treatment 


Grass x Treatment 


Rep 


Grass x Rep 


Treatment x Rep 


Grass x Treatment x Rep 


TOTAL 


DF Sum of Squares Mean Square F 

5 

4 

20 

7,147,162 

957,339 

570,238 

1,429,432 

239,335 

28,512 

55.86 * 

9.35 ** 

1.1I HS 

2 285,607 142,803 5,58 ** 

10 

8 

40 

199,447 

240,103 

1,044,758 

19,945 

30,013 

26,119 

89 10,444,654 117,355 

**: Highly Significant (P<0.01) 
NS: Not Statistically Significant 



Table 25. Duncan's Multiple Range Test on Mean D.M. Production by Grasses:
 
3 Week Clipping Frequency
 

Vi IV V III I II 

931 956 1078 1089 1263 1762
 

I: P. maximum
 
II: P. purpureum 

III: H. rufa
 
IV: D. decumbens
 
V: C. plectostachyus
 

VI: C. ciliaris 

The responses not underscored by the same line are significantly different at the 5Z level. 



Table 26. Dunemn's Multiple Range Test on Mean D.M. Production by Treatments: 
3 Week Clipping Frequency 

t5 ti t4 t3 t2
 

1055 1122 1133 1239 1349
 

ti: Control
 
t2: N fertilized
 
t3 : C. pubescens
 
t4 : M. atrcpurpureum
 
t5 : D. intorttm
 

7be responses not underscored by the saw line are significantly different at the 5% level.
 



Table 27. Analysis of Variance for Dry YL -!r Production: Dry Season- 6 Week Clipping Frequency 

Source DF Sum of Squares Mean Square F
 

Crass 5 252,571,527 50,514,305 178.90
 

Treat=nt 4 2,684,475 671,119 2.38 **
 

Crass x Treatmet 20 4,165,643 208,282 0.74 NS
 

Rep 2 1,088,109 544,054 1.93 * 

Crass x Rep 10 1,333,455 133,346
 

Treatment x Rep 8 2,230,894 278,862
 

C-ass x Treatnt x Rep 40 12,812,982 320,325
 

Total 89 276,887,086 3,111,091
 

S: Statistically Significant (P<0.05) 
S*: Highly Significant (P<0.01)
 
NS: Not Statistically Significant
 



Table 28. Duncan's Multiple Range Test on Mean D.M. Production by Grasses:
 
Dry Season - 6 Week Clipping Frequency
 

IV VI V III I II 

1728 2106 2158 2589 3190 6680
 

I: P. maxium 
II: P. purpureum
 

III: H. rufa 
IV: D. decumbens
 
V: C. plectostachyus
 

VI: C. ciliaris
 

The responses not underscored by the same line are significantly different at the 5%level. 



0 

Table 29. Duncan's Multiple Range Test on Mean D.H. Production by Treatments: 
Dry Season - 6 Week Clipping Frequency 

t4 t5 t2 tlt3 

2877 2905 3053 3224 3316 

tI Control
 
t2 " N fertilized
 
t3: C. pubescens
 
t4: M. atropurpureum
 
t5 : D. intortum
 

The responses not underscored by the same line are significantly different at the 5Z level. 



Table 30. Analysis of Variance for Dry .",tter Production: Wet Season -

Source DF Sum of Squares Mean Square 

Grass 5 434,815,449 86,963,090 


Treatment 4 2,924,690 731,173 


Grass x Treatment 20 14,033,170 701,658 


Rep 2 1,233,938 616,969 


Grass x Rep 10 8,217,199 821,720
 

Treatment x Rap 8 4,509,729 553,716 

Grass x Treatment x Uap 40 23,685,090 592,127 

Total 89 489,419,264 5,499,093
 

: hly Sogniif-cant CPC0.01) 
uS: Not Statistically Significant
 

6 Week Clipping Frequency 

F
 

138.52 * 

1.16 NS
 

1.12 RS
 

0.98 RS
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Table 36. Servkito tVacion,1 4. Htatoarlogia @ ffidroloxt4 04t4
 

__ ... . Te l d I l
 

4C C e Oc | so d~y s so 

January 24.) 29.0 21.0 65 $6 2$1 23 
 46
Upt~- pooIrebruary ItfwRIy0 -3. 60is I 123,9 it.? 20.9 t9 65 77 A- I$
March 15.) 31.1 2.7 96 59 
 746 )s 1$1
 
April 15.0 31.0 21.6 $6 62 140 is 43
 

Jon@ 23.1 20.4 10.1 64 67 $1 19 16 
JulyJanur 21.2 29.0 19.1 V7$1 474 12)0 2)2 44024.5 27.7 1.0
1971 

OC t 01wr 13.2 14,6 19,17 3 62IInhtir 2.1 1 92, 70. 17 0 1 6 it3 
Narch 3$.0 311 21.7 4 59 74. )) 104
 

MAY7 26.0 ". N$1 
 1$ 75 4 

Jssry 24.9 29.$ 2.1.1 59 $3 41 16 106Au"Ot 24.1 27.7 19.1 4$ 1 18 a 5 

4 r I1 26.2 31.0 231. 54 )7$0 5 

June 3. 29,4 011 
 0 11 67
 
July 2.0 )97. 1 I i0 2 1 

Sopenwi r 2.9 29.1 21.0 43 61 1 9 10
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toured 15 countries and experienced first htnd the needs, frustrations, 

and potentials of agricultural development in the American tropics.
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