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Abstract of the Thesis Presented to the Graduate Ccuncil
of' the University of Florida in Partial Fulfillment of the
Requirements for the Degree of Master of Science in Agriculture

THE COMPATIBILITY, PERSISTENCE, AND
NUTRITIVE VALUE OF GRASS-LEGUME ASSOCIATIONS
IN THE WET-DRY TROPICS OF COASTAL ECUADOR

By ‘
Robert Earl Hudgens
August, 1973

Chairman: Dr. G. 0. Mott
Major Department: Agronony

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 Panicum maximum Jacq., Pennisetum purpureum Schumach,

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

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

which was subjected to five treatments. The contrel and N fertilized
treatments were on pure stand of each grass specles, while the legumes
Centrosema pubescens Benth, M. croptilium atropurpureun, and Desmodium

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

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

grass species, followed by P. maximum, during the wet and dry scasons

of each clipping frequency, while there was no ditference (¥>0.05) between
the highest yielding N fertilized ard C. pubescens treatments. Although
N fertilization rasulted in a greater overall production of dry matter,
the incorporation of a compatible adapted legume resulted in a higher

quality sward in tcrms of crude protein yiclds.
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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 variaticn in topography and ecology
found within this area prohibits the mass recommendation of agriculturai
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 éoastal zones.,

| At present méjor emphasis for improving commercial livestock
production is being placed in the region Quininde, E1 Carmen, Santo
Demingo 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 thelr Estacion Experimental Tropical Pichilingue.
In recent years this research has primarily been concerned with Phase I
(Mot£ 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



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
Vwith the incorporation of a compatible legume from the standpoint of
the quality and quantity of focrage 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 basie for the development
of a production feeding system in the Quevedo area based on grass-legume
associations. The objectives of the study were to analyze the compatibility
of 18 grass-legume mirtures, their persistence under the existing wet-dry
tropical climate, and the effect of the legure 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 crceping and twining growth habit legumes. Also
since persistence through the wet-dry clinatic 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

coasequent recovery intervals.



REVIEW OF LITERATURE

The Republic of Ecuador obtains its name from the fact that it is
situated directly on the equator between 01°25'00" 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 81°00'00" west longitude on the Pacific coast
and 75°11'27" 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 arable (FAO 1971). According to the Survey for
the Development of the Guayas River Basir 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



Figure 1. Map of the Republic of Ecuador

Republic of Ecuador




“excellent soils are between the town of Quevedo and Santo Domingo de
los Colorados. It is within this latter region that the Government
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
high settlement capacity (Pan Am Union 1964). This is a forested area
with undulating to level land which requires no irrigation, and which
at present contains a low to moderate population density except for
concentrations along roads, rivers, and around townms. A high rural
population exists on 50,250 hectares with a population density of 14
people/km2,

The 1962 national census for Ecuador reported a total population
of 4,476,000 and a total population density of 16.5 p:ople/kmz. The
OEA projected population estimate for 1971 was 6,297,000 with a density
of 23.3 people/km?.

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-
ever the human population growth rate, currently set at 3.5% for the years
1971-1975 and 4.1% 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 between the two growth rates which

is the source of coacern 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

1971). At the same time, the total per capita protein consumption, in-



cluding the aforementioned animal protein data, was 45,5 grams/day.
This, too, has declined from 47.1 grams/capita/day in 1961, and when
compared to the A4 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 deficlency becomes readily apparent,

The Junta Nacional de Planificacion y Coordinacion 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 anim$1 protein and a 34.07 deficlency 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, (00°12' S) at an elevation of 2,818 wmeters (9,252
ft) has a mean annual temperature of 13.4°C (56.1°F), whercas the city of
Guayaquil (02°10' 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 diversification of Fcuador, climate
for distinct regions of the country are also influenced by proximity to
the Pacific Ocean, atmospheric pressure, rainfall, and secasonal marine
currents. This 18 reflected in land use and the pattern of population

distribution.



The northwest coast of South Americo is unique among other areas
of similar elevation at that latitude in the tropics because of its
relatively low annual temperatures. There are two reasons for this.
First, the Humbolt Current brings an accumulation of colder water from
higher latitudes very close to shore, and secondly, the wirds in this
reglon arc associated with the high barometric pressure of the Pacific
ancicyclone (sce Figure 2), From May to December the winds are nearly
rainless and often envelop the coastal strip in fog or low clouds which
shut out the sun (OEA 1572). 1t is during this tiae of arid atmospheric
conditions that the coast experfences {ts characteristic dry winter sea=-
son. However, {wmediately following this perfod, the warm waters ori-
ginating in the Gulf of Panami which form the El Nino Current cross the
equator and sweep along the Ncuadorfan coast causing consfderable con-
vectional and orographic precipttation {nland. This condition normally
continucs through April and fs responsible for the sunmer rainy season.
The highest annual temperatures ocour during the months of maximum rain-
fall (Griffiths 1965).

However, climatic patterna based on the interplay of ocean currents
and thedr associated trade winds are not generally consistent from one
year to the next. Although the amount of precipitation that falls over
& range of ycars may appear uniloru, fts distribution within those years
may have varfed consfderably, It {s this unrelfabiility of rainfall from
one yoar to the next that fa the principal clfratic Vaftation to agricule
ture throughout the Cuayas Basin and the adjoining coaut, cven in areas
vith avirage annual motvture eurplus (an Am Unien 1964),

The Lstacion Experimental Tropical Pichilingue, 01°06' S and 79°29' W,

is located in the Canton, Quevedo, Provincia do los Rios, 15 kilometers



Figure 2. Ocean Currents and the Pattern of Prevalling Winds
Affecting Meteorcolopical Conditions
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Criffiths, J. F., et al. 1965. Ramcarch on tropical rainfall pattarns
and associated reso-scale systema, Report No. 8. U, 8. Army Electronics
Laboratories, Ft. Mammouth, New Jersoy. p. 31, :



south of the city of Quevedo, at an elevation of 73 meters (237 foot).
The Servicio Nacional de Meteorologia e liidrologla del Lcuador 1970
data from the station report a nean annual temperature of 24,7°C (77°F),
an average maxinum tewperature of 34,5°C (95°F) and an average ninimum
temperature of 17.1°C (63°F), an annua) rainfall of 2,208 ru (87 inches),
828.7 lhours of sunlight per year, and a mean annual Relative Humidity of
85X. 1his would place Pichilinpue and the Cuevedo area in the "Tropical
Mofat Forest" of Holdridge's Classification of World Plant Formations
and Natural Life Zones, 1In fact, this area marks the gradual transition
from deciducus to cvergreen forests and from the standpoint of humidity
conditions, is one of the rost favorable apgricultural arcas bLecause {te
annual rainfall cquals fts potential evapo-transpiration (Pan An Unfon
1964) . Moldridge's "Irupical Molst Forest" clansiffcation has an evapo=
transpiraticn ratfo = 1,00 which confirns this agricultural potential
(Holdridge 1967).

FPlgure 3 presents the monthly rainfall range and the rafnfall
pattern for the period 1939-1970, During this period the yearly rain-
fall total ranped frem 1,236 rm (49 fnches) to 3,005 zm (119 {nches),
wvhile the nonthly extreres ranged from 0.1 raa (July) to 629 s (January).
The uo;thly tetperatures ranped from an absolute wmintaun of 17.1°C (July)
to an absolute maxfnen of 34.1°C (December), Although the teeperature
varfation {u relatively uniform Loth within and between years, the raine
fall distribution §5 eatrese, The Mapa Pluvicretrico Parctal del Feuador
(1931-1960) of the Servicio Haciunal de Moteoroloupia o Hidrologla denotes
the Quevedo arcva with an 2,200-3,000 annual fsuhiyet as shown 4n Flgure &,
Theso {solyets characterize the rainfall pattern of the Feuadorian Littoral,

and indicato the increasing precipitation as one moves northward along the
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1931-1960 Precipitation lsohyats of Coastal Ecuador (rm)
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coast, However when it is vealized that 93% of the annual total falls
in the six ponth period December to May, (with the highest rainfall oc~
curring in March and April) the vet~dvy tropical environment is obvious,
During the 1959-1970 period, the 6 wonth dry season rainfall at the
Pichilingue Experiment Station averaged 5.7 mm to 40,6 ma, whereas
during the 6 sonth rainy seasen, the ronthly averages range from 122,
mm to 451.4 mm,

Normally the highest tcmperatures are experienced in the months of
April and May with the lovest temperatures sccuring during July and
August, Strong southerly winds provail during the month of May and are
the cause of the high evapo-transpiration rates which begin in March
and climax in May,

The veather conditicne expericnced in the course of this experimeni
are 1)lustrated in Flgure 5, The year 1972 vas slightly atypical in that
the month of June experienced 360 uu of rain compared to the aforementiored
average of 40.6 r3, This cau be explained by the prolenged duration of
the El Nino Current vhose effect tapered off toward the end of the month,
Movever the dry season monthly total rainfall flgures of 24 = (Sept.) ~-
68 Iﬂ'(hua.) and the annual total of 2,897 = (114 inches) stil]l exceed

the norm for the 12 year perioed.

Vepatation
The Quevedo area lies on the line of demarkation of broadleaf decl-

duous to evergreen broadleaf forest, Its vegetation is therefore broad-
Jeaf with discontiguous upper cancpy which allows a dense tangle under-

story consisting of snall trees, shrubs, and herbaceous plants, Most of

the large buttress trees with aerial roote are in the genera Ficus, with
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characteristic Pambil palm (Catontigma spp.) and Bamboo (Cuadua_angust{-

 e——

folia) becoming more numerous as one moves north, The principal timber

epecies are Moral (Chlorophora tinctoria), Jipua (Nectandra spp,), Figue~

roa (Carapa guianensis), Cerdo colorado (Ocotea spp.), Colorado (Pouteria

8pp.), Cedro (Cedrela fissilis), Amarillo de Guayaquil (Centriolobiun

patinense), Caracoli (Anacardium excelsum), Maria (Calophyllum longfoliunm),

A o o ——

Guayacan (Tubebina ¢hrysanths), Laurel (Cordial alliodora) and Balsa

e ee—

(Ochroma lagopus). The latter two species are wmost frequently found in
secondary growth (Pan Am Union 1964).

Santillan (1971) reported the following weedy specles in his Hyparr=
henia rufa pasture experizent at the Pichilingue Experfmental Station:
Broadleaf weeds were Escoba (Sida acuta), Lule (Solamum carolinensis),
Bledo (Amaranthus spp,) Cojojo (Capsicum spp.) and Flor de cero (Aclepsias

#pp.). Crase species invaders were Paja brava (Paspalum panfculatum),

Jenjibrille (Paspalun conjupgatun), Pata de gallina (I'Igl_t‘:-_\_rin sanguinalis)

and Paja de virgen (Cynodon dactylon),

Soils
The Pan American Survey of the Guayas River Basin (1964) describes
the Geomorphology of the Quevedo-Santo Domingo urea as a northern dis-

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

entrenched streams. This alluvial plain includes Tertiaries incorporated

in Quaternary deposits, The soils are of recent volcaniec origin with
slopes of 0-5% except where dissected by stream action, The topography
of the arca varies from elevations of 20 to 65 metors.

The relief of the Pichilingue Experimental Station characterizes the

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

e S 8 =M . ————— - ——
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small flat~topped hills having steep slopes extending into small hollows
and stream courses (Hardy 1960), MNowever there ave also considerable
aroas of flat alluvial sotls {n the larger valleys thiroughout the mean-
dering course of the Rio Quevedo,

Although varfations in roil type and texture exist within the lit=
toral, in gencral the pll is slightly acld arnd the texture ranges from
sandy clay to clay loan, At the Pichilingue Experimental Station the
normal root :une, which on pasture land averages B8 fuches, {8 well drained,
and consdsts of 40-60% sand, 20-467 silt, and B-64% clay. Hardy (1960)
reports a moisture equivalent of 37,50 and the upparent specific gravity
of the aggregated sofl as 0,98, which Indicates thuat this soil 1s struec=
turally suitable for rceot penctration, MNowever, although the so0il {n {ts
patural coundition 1s highly porous and perveable, the cchesfon {5 weak
and the cunsiatency can be damsped by cultivation, 7This results in a
dusty soil when dry and a puddled irpervious soil vhen wvet, When the
latter eoi) dries out {t becomes extremely hard and ferns a fim brittle
crust.

Proi (1957) classifies the Pichilingue soil group as Latosolic Rego-
s0l to denote Intormediate stages between the true irmature Regosol, which
forms ;vnr volcantc aush, and the wature Latosol. MHardy (1960) states that
chemical analysfs of this Pichilingue loan reveals a narked deficlency in
available phospliorus, but an atundance of available potassium., The soil
nitrogen status fu falr to weddum on recently cleared land, but declines
rapidly with cultivatfon. Loth follar and wvoil analyse~ of cacao and cof-
fee arcas have reported high calcium contents, moderate magnesium levels,

and frequent deficiencies in boron, zinc, and sulfur.
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Table 1 presents a soil profile for Pichilingue loam, and Table 2
reports the soil analysis on the experimental afte used in this study,
The Coulsion de Estudlos para el Desarrolle en la Cuence del Rio Guayas
(1970) gave the Pichilingue s0il scries a Sofl Capability Class rating
of "IT1" which refers to a clay Joam textured soil with moderately

severe lomitations which veduce the vange and yield of crope,

Yorage Yrotuction

The current acveage of npatural and improved pastures {n the Quevedo~
8anto Domingo region has been estimated (CLDEGE 1970) to be 83,000 hece
tares which are presently supporting 40,000 head of cattle, This ree
sultas In a carrying capactty of 0.5 anfrale per heetare () anizar per
$ acres). The Secretarfa Ceneral de Flanificacion Poononmicy (196b) sup-
geated dn thelr natforal agricultural survey that ceastal Jittoral could
support 1,022,005 hicad of cattle on 777,330 Lectares of feproved acd on
225.093 hectares of natuval pasture. Data from the Plchiidiugue Experd-
mental Statdon indicate that foproved pasture species such as Hyparr-
henfa rufa can suppert 2.9 to 3 anizals jer bectore (Santidlay 1971).
The uncven seasonal dictritution of rainfall sppears to te the principal
lmiting factor In forage preductfon,  Durdng the raluy seanon there {8
an over-production of high quallty forape vhich the uxisting livestock
cannot utflize, while durfng the dry sennon, the forage production and
nutritive value decline to the point of barely sustaluing anfeal wefghts,
Therefore, further {nvestipgation Into peans of fucreaning forage avail=
ability throughiout the year and matntatning the nutritive vaiue of dry

scason fced in urgently needed (Torgas 1972),



Table 1. SOIL PROFILE

Profile Deacription? Pichilingue Loam

Associationt Pichilingue

Province: Los Rios

Site:s pichilingue Experimental Station
Elevations 80 moters above Sea Lovel

Slopeat b} 4

Parent Material: Volcanic ash

Natural Vegetations Broadleaf deciduous

Actual LUses Cacao

Drainage: Excellent internal, excellent external

0-30 cn - Vory dark grayish-brown (1¢ YR 3/3 dry) loam, small
blocky with sore suall (3 wm diameter) iron concentrations,
modorate orpanic matter, pil (.2 lower Soundary indistinct,

3090 ¢ - Yellowisl-brovn (10 ¥R /4 dry) clay loam, szall blocky,
poderate organic matter, pi 6.5 sharp Jower boundary.

90 cm plus - Yellowish-brown (10 VR 5/8 dry) clay with black (10 YR 2/1
dry) motties, The mottles {rcrease in size with depth,

blocky, sticky when wet, low organic matter, pH 6.0,

Pan American Unfon, Survey of the Development of the Guayas River
Basin of Fcuador. Department of Economic Affairs, Pan Am Union,
Washington, D. D. 1964, p. 198,



Table 2, SOIL ANALYSIS OF EXPERIMENTAL SITE

Depth of Sample: 0-30 cm
pH: 6.1
% Organic Matter: 5.62

Element Data As Reported Fertilizer Basis
ppm 1b/acre
Phosphorus 28.3 57
Potassium 640.0 1,280
Zinc 15.5 3l
Manganese 275.0 550
Sulfur 26.0 52
Copper 16.5 33

meq/100 g soil
Caleium 13.0 5,200
Magnesium 2.4 576



Forage Research - Pichilingue

Species Introduction

The annual rescarch reports (INIAP 1965-1971) reveal that major
emphasis has been devoted to the introduction, selection, est#blishment,
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 ciliarié) 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

(Digitaria 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 (Milagro), 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 (Hyparrhenia rufa) concluding that a clipping

frequency of 30 to 45 days provided the optimum leaf-stem ratio, as well
a8 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 kgs

N/ha/yr yielded the most protein.



Buffolgrass was shown to have the highest overall crude protein
content (average 13.97%) and the lowest fiber content (31,3%) when com=
pared to guineagrass which had 12,1%Z protefn and 31.9% {iber, Pangola
(11.0% protein and 31,97 fiber), und Puntero with 10,0% protein and
31.6% fiber (INIAP 1965). 1In 1967, 90.9 kp of nitrogen yfelded 37,4 tons/
ha of guincagrass and 84.5 tons/hy of elephantgrass, Elephantgrass proved
to have the highest crude protein percentapge after both 30 days (15.1%)
and 75 days (10.5%), while also containing the emallest percentage f{iber
(27% after 30 days and 30.8% after 75 days). This may be the result of
inadcquate sampling (i.e., analyzing leaf materiel only)., Buffelgrass
showed the greatest decline {n protedn conteat over this perfod (14,8%
to 8.4%). 1In this study the guincayprass crude protedn content ranged
from 8.8% to 14.3%, while in the 1966 study the ranye was 5.2% to 19,2%,
In a clipping trial with 30, 45, and 60 day {ntcervals, ft was diecovered
that guineagrass flowered after 30 days whercas clephantprass and FPuntero
flowered after 45 days. Since it is generally true that nutritive value
drops at flowering from a grazing animal point of view, It was concluded

that 60 day clipping intervals werc too long.

Establishment

During the years 1966 to 1968 three different sceding rates were re-
ported as optima for Puntero. They were 3 kg seed/ha at one meter spacings,
13 kg seed/ha at 75 cm to 1 meter spacing, and 13 iy sced/ha at 50 enm
spacings. In 1970 {t was noted that Pangola und bermudagrass were very
slow to establish and requirced two thorough weedinga. Guincagrass ylelded

21,9 tons/ha and Puntero yiclded 11.7 tons/ha in that same year.
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Crass-lepune Associations
A study of B grass-legume associations was conducted in 197) using

grasing animals, Brachiaria mutica-Clycine vightit and Panicun maxinuw-

Centrosems pubescens mixtures veje shown to be the most compatible and
the best accepted by animals. The animals found tropical kudeu (Pueraria

phaseolofdes) and Caloporenium mucuncides uapalatable, vhile the perfor=

===

the presence of leaf blight, At the end of ose year, the guinea-ceatro

association had 731 grass and 237 legume,

Yorage Research Abroad

Mitropen Vertilization vs, Quantity and Quallty of Tropieal Forages

When other plant nutrient requirenents are met, nitrogen is the main
factor restricting the production and mutritive value of trepical pastures
(Salette 1970; Bryan 1962). The quantities of nitrogen required for high
producing trepical grasslands exceed those requiied for temperate pones
because of leaching, alerification, very high grovth rates in tropical
grass species, and lov amcunts of avallable nitrogen found in tropical
soils (Henzell 1962). Vincente-Chandler and Figarella (1938) showved that
the ap}licatlon of 100 to 400 1bs of nitrogen per acre at the end of the
rainy season Increased the protein content of ) successive dfylneaﬁ&n Sany~
plings without increasing overall yleld, Hovever, Little et al, (1959)
found that both the yield and the protein content of naplergrass (P, pur~
pureun), gulnesgrass, and Pangola increased with higher nitregen rates
under {rrigated conditions, vhile Tergas and Blue (1971) added that al=-

though nitrogen fertilization was beneficial from the standpoist of in-

creasing ylelds and nitrogen contents of M, rufa, 1t vas of 1ittle value
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In maintaining high forage nitrogen levels during the dry season in the
kropleal savanazhs of Costa Rica, Vincente-Chandler et _al, (1959) dis-
covered that guineagrass yield increased to the 880 kgs nitrogen rate
of application and the protein content and protein yleld tnereased to the
1760 kgs of nitrogen rate, hovever the efficiency of nitrogen utilization
In terms of dry matter produced per pound nitrogen decroased as the rate
of nltrogen increased, Crof and Harding (1970) stated that nitrogen
efficiency vas greatest at 140 kg N/halyr en the humid tropical coast of
Borth Queensland, This vate of application resulted 1n & yield incre-
ment of I8 kilograns of dry matter per kilegran of nitvogen applied,

Mott (1970) cshoved that the application of nitrogen fertilizer had
@ vesldual effect on subsequent ylelds of Colonial guineagrass in Brazil
the folloving years, This suggests that after Inttial high rates of N
fertilization, smaller annual applications #ay suffice to meet the re-

Quirenents of the grass,

Eitrogen Vertilizatton vs, Anfwal Product

Holmes (1968) derived a linear regression of yield of snipmal product
based on the anount of nitrogen applied, His results shov a linear in-
erease in yleld up to sbout 450 kgs of N/ha, and that each kilogras of
nitrogen ylelded about 15 kilograss of milk, bryan and Evans (1971) added
that there was also & response in animal gain to nitrogen fertilization
of Pangola, vhere 168 kge N/halyr resulted in a 699 kga/ha live welght
galn (LVG) and a carrying capacity of 3.6 animals/ha, vhile 448 kga N/ha
increased the 1ive veight gain to 1106 kgs and the carrying capacity to
3.6 aninals /ha. Oakes (1960) confirss such reports by his work in the

West Indies where he obtained 1,000 1bs ING/acre/yr from Pangola plus

300 1bs of sulphate of ammonia. Crof (1970) obtained a 41X incroase in
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1ive velght gain in North Queensland using guineagrass plus 150 kgs

N/acre/yr coupared to guineagrass alone,

Econonlcs of Nitropen Fertilization

Although the yield response of tropical grasses from increased
increments of nitrogen io sipuofd vith strong increases {n yleld up to
800 kgs/ha/yr, norua) vates of nitrogen fertdlization In the troplcs
seldon exceed 250 Kgs/halyr (Salette 1970), There ayre two primary rea-
sons for this, 7Tle first deals with the ccononlcs of fertilizer costs
relative to yield response {n the troplcs, and the second concerns the
eritical canapesent of ndtrogen fertilizations under climatfc regimes
of high rainfalls and Migh sofl nutrfent leaching, Teltzel et al, (1971)
obtafined Liph scasonal anfmal production (3,100 kps LWG/ha) fn Queensland,
Australia using 340 kps N/ha/yr, but concluded that the addftionsl cost
of the fertilizer of fuets the higher productivity of the forupe, Bryan
lné Evans (1971) ulso obtained high Mve welght pains and high carrying
capacitices (5.6 animals/ha) using 448 ks N/ha/yr, vhich confirns that
nitrogen fertflteers can satds{y the very lurpge nftrogen requirements of
the vigorous tropical grasses, but they add that nitropen fertilizers are
very cexpennive at this tive, and until the commercialfzation of synthetie
nitrogen In troplcal areas changes this, a cheaper gource of nitrogen,
such as that sycbiotically fixed by lepume Rhizoblum, will have to suffice.
Henzell (1970) states that although nitrepgen fertfilzer i avaflable i~
mediately to the grass plant, it is also exposcd to losses before uptake
by the plunt whereas nitrogen fixed syubiotically by lepumes {8 used di-
rvectly for plant growth and incorporated into the legume plants without

significant loss. Fertilizer nitrogen is exposed to losscs cither by
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volatilization of ammonium, or by the bacterial dentrification or chemo=
dentvification of nitrogen gas or its oxides, The potential leaching

of nitrates {s especially critical under high rainfall conditions such
88 those which exist fu the tropies, In an earlicr article he stated
that nitrogen recoverfes of 50%-75% are pood, although the range {8
porwslly less than JOZ-E0% (Meneod) 1962), Other authors suppeat that
the recovery of fertiliver nitrogen seldon exceeds 50% (Mly et_al, 1960;
Martin 1962), lenzell (1970) stated further that nitrogen dncorporated
In the leguze plunt must undergo a serfes of transformations before it
becomes avatlable for uptake by non-legunes. This occurs after ft has
passced throuph o prazing aninal, or after ft has been released from

leguze plants und resfdues through the process of underground transfer.

Legune Nitropon Vixatfon

Nitrogen fixation in temperate forage legumes such as Alfalfa (Medi-
caéo sativa) and White Clover (Trifolfum repens) has been known for many
years. Woodhouse (1956) quoted nitrogen fixation estimates ranging from
50 1bs per acre for annual temperate legunes to 200 1bs per acre for
alfalfa, while the estfmates of Walker ct_al, (1954) ranged from 70-220
kgs N/ba/yr. lowever, nitrogen fixation in troptcal Jepgunes has been the
subject of much discussion In recent years, At present there is good
evidence that under comparable conditicns tropical legumes can fix nitro-
gen in about the same quantities as thelr tewperate counterparts (Moore
1962; Henzell and Norris 19623 Henzell 1967). Henzell (1967) stated that
the range of nitrogen fiXation rates for tropical lepumes in Northern
Australia is 0-310 kgs/ha/yr. Whitney et al. (1967) rcported that Centro-

sema pubescens fixed 240 kgs of nitrogen/ha in associations. Such perfor-
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mance has also been duplicated elsewhere in the world such as Nigeria

(Moore 1960) and Malaya (Bryan 1962). Stylosanthes hunilis fixed 196

1bs n/acre/yr durirg its first season in Northwest Australia (Wetsolaar

1962).

Nitrogen Transfer

The transfer of nitrogen from temperate legumes to associated tem-
porate grasscs has been demonstrated by many authors (Walker et al. 1954;
Butlor and Buthurst 1956; Butler et al, 1959; S{wpson 1965). These
studies have shown that up to one-half of the total nitrogen fixed by
white clover have bLeen transferred either by gradual release or by the
sloughing off und decay of nodules. The highest rates of nitrogen have
been demonstrated to be transferred by grazing animals, but in most
cases this distribution was very uneven (Whitchead 1970; Shaw et al.,
1966). Cowling ct al, (1964) showed that 28-65% of the total N present
in.a mixed, ungrazed sward was transferred and that the transfer was
considerably higher in the third year than in the first two years.
Whitchecad (1970) further stated that very little nitrogen was transferred
in the establishuent 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 ('942) made one of the carliest comprehensive reviews
of this subject and noted that although there 1s some evidence that nitro-
gon may be transferred via the excretion of organic corpounds from living
roots, repcated defoliation of white clover has shown that the decomposi-

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

of nitrogen.
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Henzell (1962) was one of the first to atudy the nitrogen fixation
and transfcr of both temperate and tropical legumes at the same time.
He concluded that although the temperate legume species fixed more nitro=

gen on the whole, the tropical legume Indigofera spicata fixed as much

nitrogen as alfalfa during the first year, while Desmodium uncinatum
transferred more nitrogen during the second year of the c¢xperiment than
did the other five legumes., However only 0.6-1.7% of the total nitrogen
fixed over the two yecar period was transferred which may be explained

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

Bryan (1962) rcported that in the Philippines Centrosema pubescens

increased the crude protein content of the associated grass Melinis

minutiflora from 11.9% for the pure grass stand to 22,37 for the mixture
when dead legume tissue was returned to the sofl. He also cormented that
the same comparison in Australia had increcased the crude protein content

of .the M. minuti{lara from 7.1% when grown alone to 9.1% when associated

with centro. Fernando (1961) reported significant increases in both
dry matter yields and protein content when centro was included in a Bra-

chiaria brizantha pasture in Ceylon. However other authors have indicated

that qlthough the protein yfelds 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 Phasecolus atropurpurcus (Siratro) in association with grasses in south-

east Qucensland was closely correlated with iainfall, the yields were
equivalent to that from a grass receiving 190 kgs N/ha/yr. He also men-

tioned that the nitrogen transfer to the associated grass increased with
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time. Norman (1960) found that the total yield of the buffelgrass

(Cenchrus ciliaris)-Townsville lucerne (Stylosanthes humilis) mixture

was approximately equal to the yield of buffelgrass alone plus 500 kg
of ammonium sulphate/ha/yr or roughly double that of the unfertilized
grass alone.

Kretschmer (1966) reported afcer 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% compaved to 5 tons of forage/
ha/yr for Pangola alone.

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

fixed 340 1b N/acre, but in association with two tropical grasses it

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

shown to fix 110 1b N/acre in assocfations but transferred 6-11% of that
fixed. Leaf fall appcared tc be a more important source of transfer than
leaching of nitrogen from live legume tops or release from nodules and
roots following defoliation. Birch et al. (1967), in a study in Kenya,
reported that & soil analysis on plots occupied by grass-legume assocla-
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 mineralizatiocn increased the amount of nitrates in the under-
lying soil. The effect of the legume was most significant during the early
period of the wet season when soil nitrogen mineralization was the most pro-
nounced, and the magnitude of the effect depends on which grass specles

is associated as well us. the climatic conditions governing mineralization

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

of nitrogen transfer in the short run and quite low rates over periods of
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six wonths to ¢wo years (Vallis et al. 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 possiblg for legumes, the po=-

tential growth of an associated grass may be limited.

Nutritive Value of Tropical Pastures

Minson and McLeod (1970) have shown that the dry matter digestibili-
ties of tropical grasses are generally lower than that of temperate
grésses. 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 digestibility 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 criented. 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 ‘mounts of 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 supplements 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 dalry cows to eat a sufficient
amount of tropical pasture feeds, which are of low digestibility even
when well managed and grazed at a young 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 incrcase rapidly with digestibility in the range of
30-75% apparent digestibility. NMinson and Milford (1966) stated that
age was the most important factor determining energy content of Pangola,

Siratro (Phaseolus 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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gayana that had been heavily fertilized in an attempt to increase 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 Digitaria decumbens did decrease with age, but that of Chloris

gayana and Phaseolus atropurpureuvs did not. They isolated the 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 tempcrate counter-
parts, the digestibility nf the tropical lcgumes is greater and does
rot 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,
th? degume component of the sward can act as a protein supplement in
pastures where the tropical grass speciec protein content is the limiting

factor in animal production.

Animal Performance on Grass-Legume Associations

. Much information has been compiled in temperate areas 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 1967; Hutton 1968). Moore (1962)

found that in the humid tropics of Nigeria Centrosema pubescens increased

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

shoots from 11% in its absence to 15%, and it raised the liveweight gain
of cattle from 1.12 to 1,35 1b/acre/day in the wet season and from 0.67

to 1.00 1b/acre/day in the semi-dry season. Stobbs (1969) reported 419 kg
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live weight gain (LYG) from Centrosema pubescens-Hyparrhenia rufa

pastures in Uganda, compared to 345 kg LWG from the gracs pastures.

Grof and Harding (1970) stated that ceotro-guineagrass (Punicum maximum)

ylelded 36% more live weight gain than guincagrass alone in North Queens=~
land and carried 3.5 animals/ha over a two year period. lall (1970)
showed that animal production on uniaproved 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 177 more live weight gain/ha than did the control and
carried 2.4 animals/ha. The mecan gain per stecer per year was highest
for the grass-legume 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 Lotononis bainesil and D. intortum

which gave mean live weight gaius of 507 kg/ha. However, this may par-
tially have been due to their failure to maintain adequate amounts of

the legume in the sward.

Management of Grass-Legpuxne Associations

Although tropical legumes are adapted to low fertility, acidic
soils, they are slow to establish and lack initial vigbr. Grof (1965)
noted a rzsponsc to phosplorus during establishment in the humid tropics
of northeastern Australia. Stobbs (1969) reported that centro-H. rufa
plots fertilized with phosphorus had a significantly higher total nitro-

gen and available phosphorus content, 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) i his four year study of Desmodium
8pp. in Hawaiil 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 (Paspalum dilatatum). Anderson (1956)

stated that low levels of soil molybdenum prevent the Rhizobium fixation
process even in the presence of abundant nodules. Another common de-
ficiency limiting the performance of legume symbiosis 1s 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 symblosis, 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 certaln tropical legumes for appropriate cross ino-
culation group strains of Rhizobium. 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 scparate 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 a greater reduction than cutting in terms of plant
and nodule weight and legume yield. Henzell (1967) élsokrepbrted that

Desmodium 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
datz 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 H. 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, ie 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 Philippincs and Auscralia, On the coast of Ecuador
where it 1s most cormonly establisheJ by the division of plant crowns,
ylelds of 100 tons of fresh forage per hectare huave been reported

(INIAP 1971).

Pennisetum purpureum Schumach

Napiergrass or elephantgrass is very tall-growing (4 to 5 meters),
high yielding (180 tons fresh forage/ha/yr), a perennial species which
occurs naturally ncar streams and rivers in tropical Africa and 1is
widely distributed in Nigeria (McIlroy 1972). Although grazing manage-
ment is difficult with this grase, it hac shown promise as cut forage
or silage. Grof (1969) reports on the selection aad developrent of the
Merker variety released as Capricorn elephantgrass from the Biloela
Research Station, and adds that In comwination with centro gave higher
live weight gains than guinca-centro. The hybrid varfety 534 released
from the Pichilingue Station is establishced by stenm cuttings and reported

ylelds up to 300 tons of green forage/ha/yr (INIAP 1971).

Hyparrhenia rufa (Nees) Stapf.

Known as Puntero or Jaragua grass, Il._rufa is a drought resistant
tufted perennial found throughout tropical Africa, Certral, and South
America (Whyte ct_al. 1959), Mcllroy (1972) reports that the young
growth of this species I8 of valuc, especially after burning, but that
the nutritive value decreases toward flowering., Terpgas ct_al, (1971)
explains that this grass generally flowers at a tire when the soil is

drying and when there is subsequently less minoralization and uptake of



33

nutrients by the plant. Santillan (1971) reports yields of 120 tons of
frosh forage/ha/yr when established by seed in the Pichilingue Experi~

montal Station,

Digitaria decumhens Stent,

Pangola {8 a stoloniferous, perennial turf grass native of South
Africa. Since fntroduced to the southeast Unlted States of Azerica,
Pangola has produced wore beef {n south Flurida than any other grass
tested (Mcllroy 1972). This specfes, viideh Is propagated by sprigs or
stolens, pernists under continuous clowe prazing, survives buth {looding
and drought, but makes fts best provth on vell drained moist sofls,
Yields of (5 tons of green forage/lia/yr have Leen obtained cn the coast
of Ecuador (INIAP 1971). Resfstant varfeties ate currently Leing de=
veloped apainat a auwnber of pests such as aphida (Schifzarhis svp.),
rust discase (Puccdnta oshuensts), and Pangola stunt vivus (Teftrel
et al. 1972). Harding (1%72) reports that {t has Leen d3ffieylt to
keep an adequate proportiosn of poat trepleal leguies fn ascocfation vith

Penpola except under wmoderate gracing, aisd Desrodiun hetesorhvllus i

the only Jepune rompatible with ft under Lieavy stocking pressure,

Cynodon plectostachivus (Tchiws,) Pilger

Btargrass, eccasdonally referred to as glant stargrass or Naivasha
stargrass, s a very aggressive atoloniforeus perennial native to Fast
Africa, vhtch fores g dense turf up to 170 en (n helpht vhen prupagated
vogotatively, MNcllroy (J%72) atated that 8 Wigh sitrogen status and
close grarlng are essential for the maintenance of a pocd pasture, Caroe

Costas et al. (1961) reported that stargrass yielded 1,350 kg WM/ha/yr
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and carried 3 animals to the hectare when fertilized heavily in the humid
mountain regions of FPuerto Rico, Data from the Mchilingue Station in

Ecuador report yields of 90 tons of green forage/ha/yr (INIAP 1971),

Lonchrus ciliaris (L.} Link

buffelgrass or African foxtall is a perential 30-90 cm in height
which 165 sulted to lover rainfall climates euch as those of f{ts tropical
Africa, 1udia, and Indonesia (Mcllvoy 1972), For establishrent 20 pounds
of secd/ha are used on the coust of Feuador where ylelds of 80 tons of
green forape/halyr have been obtained (IRIAP 1971). Norean (1966) found
that Stylosaathies huridts corbined well with buffelprass at the Katherine

Rescarch Station In Australla.

Centrosera pubcscens Senth

Centro s a jrostrate tralling perennfal which is easily established
from secd, Wiphly resistant {n grazed swards, and adapted to sofls of
mediun to high fertddity with pood drainage (Harding 1972). Crof and
Harding (1970) report that protzing fntroductions frem Costa Kica appear

to have resistance to cool sevacons, red spider nites, and Ccercospora leaf

.Pﬂt .,

Macroptilium atropurpurcua (forzerly Phascolus atsepurpurcus b, C,)

Hutton (1948) reports that a nev cultivar "Siratro", vhich he developed
in Brisbane, Australls, Uy creasing two Mexfenn ecotypes of P stropur=
] 8, has reafatance to joot-knot nematede and littla leal virus,

Mesiroy (1972) states that Siratro has becomo the eost adaptable and

widely used of the tropical leguses {n Quecnsland, It 48 a vigorous,
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twining, perennial legume that toleratos drought and low-fertility soils
and cstablishes readily from seed., Kretschmer (1971) noted that in
mixture with lyparrhenia rufa the Siratro survived the dry secason and
bogan rapid growth at the coumnencement of the rainy scuson while the
associated grass was still dormant. Sonoda et al. (1971) described the

discase web-blight (Rhizoctonia solanl Kuhn.) vihich caused heavy defo-

ldation of Siratro during October in south Florida. MNowever, they noted
that new growth was free of the discase and that clipping appeared to

retard it.

Deasmodium intortum (M{11.) Urb,

Greenleaf Desmodium was derived from crosses of three introductions
from El Salvador and Cuatcmala., It ylelds less seed and 18 slower to
establish than D. uncinatum but once established It is more vigorous
snd hardicr than Silverleaf (Hutton 1968). Kryan (1969) rcports that
1E 18 uscd cormonly on non-frripated pastures In Australia {n pure stands,
as hay, or in pasture mixtures. Mcllroy (1972) adds that it prows well
on most soil types and tolerates poor drainage and flooding., However,
Harding (1972) reports thut this semi-decumbent leguwe usually only grows
well ‘during the first season, and deterforates rapidly due to leaf fungal

discases, Amncous weevil, and little leaf dincase,


http:illvwrle.if

METHODS AND MATERIALS

Factors Studied

A. Species (9 total species)
B. Fertilization (2 trcatments)

C. Recovery Interval (2 rest periods)

Factor Levels

A. Specles:

1. Grass species:

Panicum maximum Jacq. Guincagrass (var. Pichilingue)
Pennisetum purpurcum Schumach Elephantgrass (hybrid 534)
Hyparrhenia rufa (Nees) Stapf. Puntero

Cenchrus ciliaris (L.) Link Buffelgrass (var. Biloela)
Digitaria decunbhens Stent. Pangola

Cynodon plectostachyas (Schum.) Pilger African Stargruss (#2)

2. Legume species:

Centroscna nuboscens Benth Centro

Macroptiliun atropurpurcum Siratro

Desmodium {ntortum (Mill.) Urb. Grrenleaf Desmodium
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:B. Fertilization Treatments:
L+ Grass plots unfertilized (control)

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

C. Recovery Intervals:
1. 21 day rest period (3 week clipping frequency)

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

Treatments
1. Control (each grass species unfertilized)
2. Fertilized (each grass species + 100 kg N/ha/yr)

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

4. Siratro (cach grass specles + M. atropurpureum)

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

Experimental Procedure

ite

A one-hectave experimental site in the livestock section of the
Pichilingue Experimental Station was selected on May 3, 1972, on the
basis of 1ts uniform topography, accessibility, closeness to irrigation
facilities, location in relation to planned road construction and
future pasture progiram development, 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
with 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
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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 litter. 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 leguve species and Cenchrus ciliaris (buffelgrass) were

seeded on May 12, 1972. Immediately prior to seeding the Centrosema

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

Phaseolus atropurpurcus, 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 Hyparrhenia rufa

(Punterc) seed showed nc germination. This may have been due to seed
storage in double-lined plastic bags in very warm climatic conditions

which 18 not conducive to seed viability.



The”p:esence of Desmodium and Centrosema spécies in the native
 nV§gétbﬁi6n 6fvthe area suggested that free-living soil Rhizobium were
Q‘iatﬁral 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.
This permitted closer observation and control over their establishment.

Stem cuttings with three nodes each were used for Pennisetum purpureumn

(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 plectostachyus (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 c¢m 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
seeding rates and distances, and in each grass-legume plot 44%Z of the

seeded surface was legume.

Clipping Procedure

Table 3 presents the work calendar for this experiment. An equalizing
or staging cut was made on July 26, 1972, eléven weeks after establishment.,
A total of 10 clippings were made every thrze weeks following this date
for the period August 1%, 1972-February 20, 1973, op one-half the plots.

On every other harvest date toth 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.

May 3, 1972
May 5
May 12

May 27-31

July 26

~ August 15
Septemberls
September 26
October 17
November 7
November 28
December 19
December 21
January 9, 1973
Januayy 30

February 20

fgaﬁ

SCHEDULE OF MAJOR ACTIVITIES

“Activity
Selected ekperimental site
Seed bed preparation and suvil sampling

Seeded legumes and buffelgrass (Superphosphate
apnlication, 72-80 kg P/ha)

Vegetatively propagated grass species; first
fertilization treatment (50 kg N/ha as urea)

Equalizing cut

3 week sampling

3 week sampling & 6 week sampling
3 week sampling

3 week sampling & 6 week sampling
3 week sampling

3 week sampling & 6 week sampling
3 week sampling

Second 50 kg N/ha application (broadcast NH4N03)
3 week sampling & 6 week sampling
3 week sampling

3 week sampling & 6 week sampling
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Sampling

Two one-half kilogram samples of fresh'fornge were randomly collected
from each plot containing a grassu-legume assoclation 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 harvegt was completed these bags were then placed in a forced
air, kerosene-heated drying room and dried {or a minimum of 24 hours at
45°C. The dried sample that had been weighed previously in the field,
was reweighed while siill hot, and frow this weight difference the
percent moisture was calculated. The other dried sample was then hand
separated into its grass, legume, and weced components which were weighed
individually for the calculation of Botanical Composition. The first
sample, and the grass and legume conmponents of the second sample were
then ground through a Wily Mill (1 wm screen) and sub-samples were taken
for nitrogen content and dry matter digestibility analysis,

This allowed analysis of the nutritive valuc of both the total
association and its individual components. tHowever in the case of the
pure grass plots, only one one-half kilogram sample was taken, because
the nutritive analysis of individual conporcats was not necessary. In
this way, the total mmber of ficld sanmples which bad to be handled in
the course of this cexperiment was reducced from 2,700 to 2,160 samples.

The fresh welght yleld was measured from the 15 square meters of
each plot at ecach clipping frequency, and this figure topether with the
percent moisture calculation, were used in deternining the Jdry matter
ylelds per hectare. All clipped debris was removed from each plot after

each harvest.
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.- Observations

Field observations were made thzoughout the 11 week establishment
phasc and prior to cach harvast., This was done on a plot by plot hasis
with specizl attention given to insect damage, recovery vigor, weediness,
ground cover, nutrient deficiency symptoms, disecase infestation, lodging
after fertilization, flowering, and general compatibility of the grass-

legume swards,

Nitrogen Determination

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 sclenite as
catalysts. Sanples were distilled into Boric acid solution and titration

was acconplished using .02 N Sulfuric acid.

Dry-Matter Dipc-tibility Determinatien

The Nylon-bag Technique (Lowrey 1965), which involved rumen incuba-
tion of 10 gram sanples of dry ground forage for 72 hours in 100 mesh
nylon bags (U x 15 cm), was used to estimate digestible dry matter content
of the forages studied., Welghts of the oven-dry bags before and after
dncubation were measvred and the percentage dry watter disappearance
recorded. Six bags were attached to each 250 ml water-filled polycthylene
bottle which scrved as a welght and prevented passage beyond the rumen,

A one year-old fintulated Bralma-criollo steer was used. A minimum of 5
bottles (30 sampies) per run and a maximum, late in the experiment, 8

bottles (48 samplen) 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<0,0l) between the
tWO'tecﬁniques, and other authors have reported significant correlations
baetween Nylon-bag cellulose digestibility and conventional cellulose
digestibility (llopson 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-0ld 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 mecan 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 found to be highly correlated in each case as shown 1in
Figures 6 and 7. The correlation coefficient for Nylon-bag compared
with the in-vitro was 0.95 (P<0.0l1), while that for the in-vivo comparison

was 0.99 (P<0.01).

Statistical Analysis

Yleld 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.,
Analyscs of variance were run on data broken down into seasons, on the
data of ecach sanpling, and on data secparated according to clipping fre-
quency. Duncan's new multiple range tests were used to determine signi-
ficant differcnces at the 0.05 probability level for grass specles, treat-

pants, and recovery intervals studlied, In addition to the computer analyzed



Figure 6, Correlation of Nylon-bag Technique Data
5 with In-vitro Technique Data
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Figure 7. Corrclation of Nylon-bag Technique Data
with In-vivo Technique Data
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yleld data, data on the legume's contritution of nitregen to the asso=
clated grass vas analysed manvally by grasscs and seasonal cuttings by

the method deserited by Snedecer (1956) and Duncan (1933).
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this erpecidicnt vas ebove the oen for the 1939-1%10 4a3afal] data, The
gonths of Junc, July, s0d Rugest ste patiially totewotthy §n that the
VaFlation cocecded the svc¥age noslhun siouwnts feiofdod Ju¥ing the afofes

peativsed §2 yeuf petfud, yhlch Jhewied the eetabllclimest ef ths gfaes

aad Jegune speiies of this experiment,
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The legune and buffelgrass seed germinated rapidly {n the fleld, and
8}) species shoved vigorous seedling development, Although sprinkler frri-
Batlen plpes vere set up In the experimental site, abnormal rainfsl) during
the pouth of June (360 mui) fiegated the reed for additional soil mristyre,

Of the five grass species which vere vegetatively propagated, Puntero
was the post Jifficult te establish, whereas guincaptass and elephantgrass
estabilishcd teadily, Yhe propapation of Yatigala and ttavrgrass vas coms
pMeated by weed Jufestation, hovever the sggtessive thavaeter of stargrass
svon bocane evident and this epecics doningted all yvecd ccapetition, Pane
g0)a, on tic athier hand, vas wuch slover fo estabilish and less conpetitivey
8 A reeult 1t vas plerucd by veeds thrcughoel fhe course af this esperi=
BBt fv (he Point vicre the weed tenponent 6f the svard btotarteal conposfw
tlo8 vas o grcoat thal Th1s sjccies was elininated from the study,

bess thon ofe veckh folloving the scedlrg of the legune species, {ar
Be81 dinare lecane sppatent. Although wisitle on ol Jepume species,

‘gmgge Mas padticuwlardy Sovete om ﬁiiﬁiﬁiﬁﬁriﬁigfiﬁfh afid on May 39, thyee

weeka aftcr cccdleg, apftoainately 407 6f the deenndium pluts veFe yeseeded,

IReciticlde crplications fas atwva I8 Tetle 2) veke Recessary to contyol

'h@ 3""3:-&14:'(}- t";‘ :4‘: ;tl ' -.-Q' d «“ f\jv ’ {A! ;:1! bl ﬁ‘) b ?‘?‘;*l'} Ti»- )

Fly) a5 cttier Jagva and Jeaf cutting beetics duflng the ectallistaucnt
’hgsg 6f this eapctfinent, Algtough some Irsecct datage Was buted of beth
g¥a8s and leguie spoclcs fhicuchoul the cevch fonlh sanpling fetlod, Ao
IRSecticades vete opplied, This Blotlc faclaf, fogethef with the factar
Of wered congetition vege Jeft uncontyolled once all epecies wete sccufely
eitadblicted and vote weed a8 selection redtcria for the 18 g¥ace=lezene

8sociations, Discsres also ippesred 08 ccrtain grass and legume species



Tadle 4.

JNSZICT CoxTROL

Date Type Of Desage Ancunt Insecticide

Cf Application Imeocticide Applied (liters) &
My 17 Sevin 20 w1/ /20 1izers 20
May 31 Meldrin $TT 100 £/2C liters 120
June 19 Yuxlsilfom 25 770 liters 80
Juze 20 Diellcin SO » 0% s/itter 80
Sricker <0 =l/l0 liters 40
June 21 Vleldrin 507 & 200 g/)%zer &0
Sticker 40 nl/i0 liters &0
June X0 Malathion 25 £720 liters 40
Jely 11 Talaithion S ce/lfiter 80

*: total amownt applied: 580 liters

(41
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during the course of the study and will bo discussed according to their

occurrence. Minor rabbit damage on Desmodium intortum scedlings was

noted on June 20, 1972, but once frequent clipping was initiated, no
further rodent damage was visible,

Two complete 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 experimental area to prevent the build-up of po-
tential i{nscct breeding grounds, as well as to prevent the wecdy species
from sioply vegetatively propagating themselves again under the rather
optimun cliratic and edaphic conditions. Unwanted vegetative growth in
the fnter-plot alleys was at first eliminated by machete, but when thig
88 well as the {dea of mechantcal rnowing, proved infeasible, herbicides
were relfed upon.  The herbicide Farrvex (80 grans/20 liters of water)
sloved the weed growth, which was especially severe during the rainy
lcfson. and Karmex {n corbination with machetes provided adcquate weed
control in the alleys,

The developuent of nuzcrous runners by centro allowed this specics
to obtatn thy rost rapid ground cover whereas the erect grovwth of the
greenleaf destodiv: provided the slowest cover and conscquently more area
for w;cd grovth, Siratro {lowers were noted on July 11, approximately
two months after needing, and the vegetative developuent was delayed as
a result,

Table 5 presents tho fresh velght y1eld data (rean for the three
reps) for the eatablisleent perfod, Luffelprass gave the hiphest fresh
veight ylelds of any of the prass species followed freediately by guineca-

graess and elephantgraes, {n that order. This oay be due to the fact



Table 5. ESTABLISHEMENT 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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‘thét the buffelgrass was seeded rather than vegetatively propagated and
bééause it was seeded two weeks prior to the other species. The fertilizer
treatnents of the aforementioned grass specles outyilelded the other
treatments, whereas the legume treatments outyielded both the control

and the fertilized treatments in Pangola and stargrass. The fertilizer
treatment responsc was to be expected since in the presence of ample

soil moisture, the fertilizer nitrogen was Lmmediately 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 Frequency: Dry Season

The dry scason, previously referred to in Figure 5, extended from
late July through November (1972). The total rainfall for this period
was 227 mm and the tewperature averaged 24.9°C. Six samplings at 3 week
{ntervals were made during this 18 week period. The quantitative data ob-
tained is summarized in Table 6. The clephantgrass yleld was significantly
higher at the 5% level, as determined by the Duncan's nultiple range test,
than the other grass species. The guineagrass yleld ranked second and
was also different from that of the other grass yields (r<0.05). The
ylelds of the fertilized, unfertilized (control), and centro 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 Component Yield
GCrass Treatment Total Growth for 6 harvests
6 harvests rate Grass Legume
kg/ha g/m?/day kg/ha kg/na
Guinea Control 5,725 4.5 5,595 ——
Nitrogen 8,057 6.4 7,975 —
Centro 6,510 5.2 4,629 1,621
Siratro 5,967 4,7 5,343 244
Desmodium 5,402 4.3 4,383 797
Elephant Control 8,340 6.6 8,111 ——
Nitrogen 8,850 7.0 8,277 -
Centro 8,604 6.8 6,839 1,326
Siratro 9,144 7.3 8,129 645
Desmodium 7,452 5.9 6,638 577
Puntero Control 5,892 4.7 4,381 ———
Nitrogen 5,592 4.4 4,465 ——
Centro 4,860 3.9 2,491 1,969
Siratro 5,544 4.4 3,729 349
Desnodium 4,296 3.4 2,713 849
Pangola Control 4,734 3.8 3,638 -
Nitrogen 4,932 3.9 3,706 ——
Centro 5,208 4.1 2,073 1,218
Siratro 4,356 3.5 2,455 258
Desmodium 4,044 3.2 2,113 81
Star Control 6,216 4.9 5,837 -
Nitrogen 5,946 4,7 4,837 -
Centro 5,376 4.3 3,392 1,094
Siratro 4,800 3.8 3,845 150
Desmodium 4,614 3.7 3,431 232
Buffel Control 3,828 3.0 3,520 -
Nitrogen 4,602 3.7 4,089 -
Centro 4,134 3.3 2,505 1,048
Siratro 3,378 2.7 2,725 103
Desmodium 4,248 3.4 3,105 247
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Tha legume Centrosema pubescens had the highest total yield of any

of the legumes with all six of the grass species which implies that it
recovered vigorously under the relatively severe defoliation regime,
persisted well in spite of low rainfall, maintained itself in the bota-
nical composition of the sward, and was compatible with all of the grass
species tested. Centro yielded more than twice as nmuch legume as did
Siratro or greenleaf desmodium in associaticn with guincagrass, clephant-
grass, and Puntero, and four to five times as much legume with the re-
maining stolonifcrous growth habit grass specles, It shovld be noted
that in the last clipping harvest of this secason, the centro-grass asso=
clations significantly (57 level) outyielded the fertilized treatment

and in four of the five former harvests there was no significant difference
in yicld between the centro-prass and fertilized prass treatuents,

Table 7 summarizes the qualitative data ror the dry scason performance
at the 21 day rest period. The differences in total digestible dry matter
yield between grasnes and between trectients was nore of a reflection of
differences in dry matter yleld than in dirferences in percent digestible
dry matter. However the results of the crude protedn aupect of the nutri~
tive value were interesting, The effect of molsture sticun and frequent
clipping wau rost evident the cuse of the Pangola control treatment
whore the crude protein content dectlined steadily frem 16.2% at the be-
ginning of the suanon to 0,05 after 18 weekr, Sinmtlar trends were noted
tn the starprass control (13,05 1o 19.6% €, ') and Luffelprans control
(14.5% to 11.2% C. P.), however the tncorporation of the leg. ~u, parti-

cularly centro, stabilized this decline in all wix grase species,


http:Cu(,ti(.Lt
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Table 7.

21 Day Rest Period

Dry Scason Qualitative Production Data -

e

Digestible Dry Matter

Crude Protein

Grass Treatmert Percent Yield Pevcent Yield
p4 kg/ha z kg/ha

Cuinea Control 53.3 3,051 15.3 894
Nitrogen 51.9 4,162 16.3 1,345

Centro 52.3 3,405 17.7 1,172

Siratro 53.7 3,204 15,2 913

Desmodiun 52.9 2,658 15.8 860

Elsphant Control £5.8 4,654 18.0 1,53
Nitropen 58,4 5,108 19.4 1,724

Centro 55.7 4,792 20,2 1,749

Siratro 54.5 4,943 18,5 1,716

Deamodfun 56.5 4,210 18. 8 1,406

Puntere Control 54.8 aLn 14.0 834
Nitrogen 5.6 2,941 14.6 834

Centro 2.9 <.970 168.8 914

Siratro 51.1 2,813 13.7 798

Desnodiun 30.9 2,187 5.6 679

Pangola Control 52.) 2,415 1).6 700
Nitrogen 51,4 7,539 3.5 675

Centro $2.0 2,708 17.2 899

Siratro «9.6 2,16} 13.6 619

Desmodiun 9.9 2,018 13.8 495

Star Control %3.8 3,144 16.0 1,01
Hitrogen 52,8 319 15.0 927

Centro 5.9 2,898 18,) 1,020

$ivatro $).) 2.558 15.1 721

Dessodiun 5).8 2,482 1).9 657

Buffel Cantrol 5.8 2,136 13.1 519
Nitrogen 54.7 2,517 13.7 638

Centre 57.2 2,364 18.) m

Siratro 58.7 1,98) 14.) 495

Desnodiun 57.3 2,455 14,2 620
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Figures 8 and § show the rclationship between dry matter yield, bo-
tanical composition, and crude protein yiclds for treatments by grass
species for this period. These comparisons were made on the basis of
the results of the svatistical analysis of the dry matter yleld, which
stated that the yields of clephantgrass and guineagrass were the highest,
and were significantly different fyom cach other and from the other
grass species, while the yields of sturgrass and buffelgrass were lower
yielding and also significantly different from each other. This graphi-
cal representation of -he data makes it obvious that an increase in the
yield of dry natter {s not autenatically followed by a corresponding
and proportional increase in the yleld of crude protein, For example,
note that the dry matter ylelds of elephant-centro, star-centro, aud
buffel-centro were lower than the yleld of grass plus nitrogen, how-
ever the crude protedn ylelds of the grass-legune astoclations in each
case vere ¢qual to or higher than those of the nitropen treatnent,

The guincasrass data proved sencething of an exceptien to this as can

be seen In the consistent relationshiip Letveen treatrents and thedir dry
matter aud crude protedn ylelds, lowever, the pufnea-centro association
outyfelded the control treatment n both renpects,  Althouph grass-centro
ISHOC’;Lluuu 14 put show as nmuch of a growth rewponse an resulted from
aftropen fertilfzation, thedr yleld van pencrally as high as that of
unfortflized grass and thefr crude protefn content nuch higher,

The unfertfliscd control ticateont ylelded fn the higlest growth
response and dipcstible dry matter {n Puntero and stargrass which re~

flects the relatively optimun natural soil fertility of the avea. MNow-

evor fu both cases the centro wesociations yielded as much or more crude


http:trCet:,.nt
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Figure 8, Growth Rate and Crude Frotein Production of Guincagrass and

Elephantgrass for the 21 Day Rest Period:
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4 Shaded arcas represent the legume component of the sward
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Figure 9. Growth Rate and Crude Protein Production of Stargrass
and Buffelgrass for the 21 Day Rest Period:
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protein per hectare. A similar response to the fertilized treatment

was noted in guincagrass and in buffelgrass, Legume associations
resulted in the best overall dry season (21 day rest period) perfor-
mance of both elephantgrass and langola. The crude protein content
of the elcphantprass was significantly higher (5% level) than tha
other treatments when associated with the legume Centrosena pubescens,
while the crude pretein content of buffclgrass was significantly higher
than the other treatments when associated with both centro and Siratro.
Two patterns corresponding to the growth habits of the grass
species were observed in the yield data of the various treatments over
time. The yield pattern of guincaprass, elephantgrass, and Funtero

folloved roughly a convex curve starting and ending at approxizately the
same level with high points occurring during the second, third, and
fourth harvests. While the yield pattern for the stoloniferous grass
spocies followed a sharp triangular configuration characterfzed by a
severe growth rate increase fron the first to the second harvest and
a relatively stoudy yield decline throuplicut the season to a level equal
to or slightly below the yleld level of the first harvest,

fluctuat!unw in the botanical corposftion of the sward from the
point of vicw of the legume can best be undourstood by focusing on the
legume Centromerma pubescens which was present in the swards of all six
granses in greator proportions than the other legumes as shown in Table 8
The amount of centro in association with guincagrass and elophantprass
increased from the {irst to the third harvests in a convex pattern similar
to that of the yield data, wheress the amount of centro associated with

"5

Puntero decroased {n a linear fashion from 555 to J0%. With the stoloni=

foerous pruts s; ‘cs tho centro percentage increaced over time from




Table 8. Botanical Composition of Crass=Legune Associatiens
for the 21 DBay kest Periodi Dry Season

" lLegumse % Butanical Couposition
Range ) Grass lLegune Veed
¢ 4 4 X

Cuineca

Centro 11=-3 ) 22 S

$iratro 2~ 6 [ 1] S ¢

Desnodiun 3-125 8 12 S
Elephant

Centro 7 -2 [ )] 14 S

Siratro 3=-11 L ) é 4

Desmodiun 1 =12 (') ? 3
Puntero

Centro 3 -5 50 41  J

$iratro 2 -1 (1] 6 20

Desnodiun L L ) 60 20 20
Pangola

Centro 15~ ) b7 b & ] 43

Siratro 1 =16 48 ? 45

Desnodiun 1= 6 54 3 4)
Star

Centro $=-3 58 a2 20

Siratre 1= & 76 2 22

Desnodiun 1~ 8 70 S 25
Puffel

Centro 13 = &4 48 ) 25

Siratro 2- 5 1{ ] 3 21

Desnodiun 2- 9 3 S 22

1 wean of 18 values for the season
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roughly 10X to 35X, and the competitiveness of the leguse and the grass
attalned a certain balance in all cases according to the aggressiveness
of the grass species, With the buneh type grass species, the ceatyo
ruaners covered the open aress betveen grass plants and rovs, thereby
preventing the growth of unvanted vepetation, The enly instance of
overvhelning veed competition vas noted in Pangola vhich from the se-
cond harvest onvard suffered from the Puccinia oahuensis (rust) disease,
vhich vas spread extensively on leaf lesions eaused by Schizashis spa,
(aphids)., The weed component of the Pangola-centre svard shoved a se~
vere linear (4-78%) increase in propoertion to the decline of the Fangola,
hovever increase of the legume componeat vas relatively niner by conpari=
son, Vhea the Panpgola failed to recgver at the bLeginning of the rainy
scason, this epecies vas elininated from the study, Oa Auvgust 15, ninos
disease sypploms vere noted on clipped elephantgrass leaves, Samples
analysed by the plant pathology laboratary of the FPlchilingue Experinent

ises dlsecaze, {;lig.ylng enfouraged this

Btation fdentified Pyricularia e
disease, hovever at po time Jdid the disease reach a degree of severity
vhieh vould limit the royual grovih aad develepment of the elephantgrass
plants,

The web-blight disesse (ri';?.:l_f;_u.?r_?l};-:!___a_ gnlani Kuhn) appeared prier
to the first harvest of the dry season and plagued Birstro throughout
this period causing heavy defoliation and reducing the rate of regrovth,
This accounts for the poorer performance of this species, During the
third harvest (September 26), little leaf virus disease syaplons vere
noted on Desmodium intortun, Although this d1d not destroy existing

vegetation as did the web-blipht disease, it stunted regrovth vhich vas
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reflected in yield data, Ona the whole, the plots econtaining desmodium
and Siratro associstions were much weedier than those vith ceatrosema
mixtures,

The ylelds of all grass species and thelr respective treatnents
declined sharply from the fourth to the sixth harvests (October 17-
Novesber 28). It was during this time that the small plot border effect,
vhich vas noticed as early as the secend harvest, becane very p;unuqatcd.
Hid-plot chiorosis was sest evident ia the buffelprass plots, especially
in the uafertilized treatnent and in those plets containing Siratro and
desmodiun, Hovever, the unfertilized treatmeant of all the grass species
desonstrated nutrieat deficiency symptoams, Oa becenber 15, iust before
the seventh harvest, during the transitienal perioed prececding the
ralny secason an unbiased, visual ranking of the extest of the border
effect of each plot vas conducted, Yhe rank vas alloted en a gradusted
scale (1=10) depending on the degree of the border effect, Another
survey vas conducted January 5, three veeks after the second nitregea
fertilizer application (50 kg %/ha in the forn of awmoniun nitrate},

Yhe fertilizer treatment ebéervatlions decreased an average of 5 units

per observation, while the unfertilized treatnents decreased 1.3) units

per observation, The border effect ranking of the prass-legume plots
decreased an aversge of 1.0 units, 1t is therefore evident that plant
grovth during the extended dry seasen, particularly whoen subjected to
frequent defoliation, s limited not only by molsture strees, bul also
by available soil nitrogen, The total yield of all six grass species
- studied in this experiment declined as the dry season progressed, With

the sudden commencement of the rainy season folloving a prolonged dry

season, there vas a flush of grovth due both to the avatlability of malsture
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and to matural soil nitrification, ¥or this reason, the border effect
dininishicd {n the uynfertilized treatment ebaervations, Hovever {f
pddicions) nityo e 1o avallable at this tiwe, such as Nﬂ;ﬁoj‘ plant
grovih Fesponds acturdingly, as vas scen 1a the five fold response of
fertidiccr treatuont bogder ef ot ghservations conpafed to wnferti)ized
trestment cbecrvativas, It alse apjeared that the ptescuce of the
Jegute In the svard of sin grass speeles reduced, If not conpletely
eliminated, the tutder effsct,

When the prase conponent of each association vas fselated and
apalyred individually for evade protein, Jt ves foeund that elephantirass
#nd buffclisass im asteclation vith centyo had significantly highey (&1 4
level) ceude protein contonte thal flcit fecpecllve coniliul ticataents,
Uafertilicicd cleplontprass contaired 1B crude proteln, <onfafed o JOX
erude protels ahen grova vith sentra, The buffclgrsss proteln contesnt

fncreased from 13,17 adicn, unfert3diced to 35,17 with centga,

Veek f!§155a~ Yrerurven: RElty “cadch
- e g e o et e e B o~ ol ar o nrn dOmTTERUDUT NErenT

The 12 week saupling poyied frouw Pecenler 1372 ta the teratnation of
the esperincnt in Jate Fetruaty 3973 will e referrcd o o8 the vailny
season. Total precipitasticn for th3s pericd smounted to 1,079 o, and
the mean tenpepatute vaa ;6.5°C, leventyssnine days of rainfall wete
poted, whiich fesulted In an svc¥age of 70 daye of taln pof menth conpafed
to 7 days of tain pet ponth for the formeyly dlecussed Jiy Scabif,
Quantitative data for the 4 Latvests 1s swmatiged In Jable %, The
elephantgrass yleld va., significantly creater at the 527 level than vas

the yleld of the other grass speiles tested, while the centro and fertillzed
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Component Yléld

for 4 harvests

Table 9, Rainy Season Quantitative Production Data-
21 Day Kest Period
- "~ Dry Matter Yield |
. NS, Total Grovth

Crass Treatment i havvents vdta Grani
kg/ha  g/w’/day kg/ha
Culnea Control 5,480 6.5 4,814
Nitrogen 7,760 9,2 7,026
Centro 7.124 8.5 5,202

Siratvro 5,452 6.5 3,35
Desmodiun 5,688 6.8 3,953
Elephant Control 8,524 10,1 6,059
Nitrogen 10,328 12,3 8,409
Centyo 9.308 11.1 93

Biratro 8.6106 11.4 6,741

Desmodiun 7,916 9.4 6,024
Puntero Contiel 4,924 $.9 ).560
Kitrogen , 268 7.5 4,625
Centro 5,764 €.9 3,625

Siratro 6,045 7.2 2,994

’ pesmodiun 5,25% 6.3 2,251

Pangola Contiol 4,208 5.0 ——

:ﬁl[lu;rh 5.:‘4& bnj -

Centyo 5,776 6.9 -

Elrutre &,608 5.7 —

Desnod i un &,568 5.5 ——

Star Control 5,272 6.3 3,95
Kitrogen 6,712 8,0 4,439
Centro 5,872 7.0 1,935
Siratro 4,412 5.3 1,673
Pespodiun 4,660 5.5 1,799

Buffel Control 4,164 5.0 2,944
Nitropen 6,644 1.9 5,214

Centro 5,764 6.9 2,161
Siratro 4,468 5.) 2,808
Deswodiun 3,300 6.3 2,498

Legume

-—rw

kg/ha

L45

264
177

850
194
91

50}
19
10}

L= 2
-
-
-

710
15

16

678
58
71
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treatments, although not significantly difforent fronm cuch other, were
significantly higher at the 5% level than the other three treatments,

This fact veriffes the potential of lepume utilfzatfon, once a compatible,
adapted lepuno species fa adequately establishied,  The Jegume Centrorena
2gk£§gggg‘ viclded more than efther of the other Jegume species with all
aix grass specles, and {n the Jate dry season (harvests 5 and 6) and in
the early rainy season (harvest 7), contro siguificantly outyiclded the
other four trcatzents,

Since digestible dry watter vields are partfally a function of yleld,
the qualitative diata presented dn Table 10 veports that fertflized treat-
ments of &)) six prass specdes showed the hiphest yiclds,  However the
crude protedn picture evolved differcntly.  fipure 10 {llustrates the
velationship betueen vield and crude protein production for the two
hMehest ylelding prass spectes,  The centre~elerhant and Sfratro-elephant
associations both produccd rore dry mitter per hecture than the control,
but less than the fertidtred treatment,  Mowever both these ausociations
ylelded pore crude protedn per sectare than dfd cfther the control or
fertilired treatrent,

Qcﬂlzu statted the ratny scasun with an advantape over the other two
Jogumes Leceuse, to this pafnt, no dieecado and very Hitle fnsect danapge
had been noted on §t whercaa the develeprent of both Stratro and denpodiut
bad been }imited by dscasv, Voed coppetition beeare 4 primary conuldera=-
tion ence arple sof) mofstyre was availadle, as can be aeen {n Table 11,
the percentage of veeds In the Lotanfcal corposttions of all aix groaes
species Jucreazcd,

' Disoace eyrptoms on centyo, later claesified as Cylindrocladin spp,

o e pwe Ay

by tha plant pathology laburatory of the Pichilingue Lxpoerimental Station,
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Table 10. Rainy Season Qualitative Production Data =
21 Day Rest Period

Digestiblc Dry Mitter Crudc Troteln

Grass Treatment Percent:  Yield Percent Yield
4 kg/ha 4 kg/ha
Guinca Control 49.7 2,724 11.1 601
Nitrogen 46.7 3,624 12.5 982
Centro 49.2 3,505 12.4 884
Siratro 49.6 2,704 11.1 601
Desmodiun 47.0 2,673 11,2 621
Elephant Control 55.0 4,688 15.3 1,235
Nitrogen 54.3 5,608 16.1 1,259
Centro 50.4 5,054 16.0 1,491
Siratro 54,9 5,279 15.1 1,472
Desmodiun 53.0 4,195 15.3 1,209
Puntero Control 52.5 2,585 10.2 500
Nitrogen 50.8 3,184 11.3 705
Centro 50.3 2,899 11.8 734

Siratro 50.9 3,078 10.1 594
Desmodium 48.0 2,523 10.8 566
Pangola Control 53.6 2,255 11,0 463
Nitrogen 54.0 2,845 10.8 632
Cantro 46.7 2,697 14.0 796
Siratro 50.1 2,400 10.7 516
Desmodfun 43.7 2,234 10.4 465
Star Control 48.4 2,552 12.8 669
N'trogen 51.4 3,45 13.8 898
Centro 50.0 2,9 14.2 812

Biratro 49,5 2,184 12.1 52
Deoswdiun 49,0 2,31 11.7 532
Buffel Control 53.6 2,232 11.1 453
Nitrogen 55.7 3,701 12,5 841
Centro 53.9 3,107 13.0 76]
Siratro 53.3 2,381 11.1 489

Desmodium 50,5 2,076 12,2 646
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Figure 10. Growth Rate and Crude Protein Production of Cuineagrass
and Elephantgrass for the 21 Day Rest Periond: Rainy Scasont
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Table 11, Botanical Composition of the Crass=legume Associations
for the 21 Day Rest Period: Ralny Season

Lepmae ¥* Fotanical Composition
Range Crass Legume Weed
X X X 4
Guinca :
Centro J=-20 70 6 24
Biratro &~ 8 62 3 3
Desmod{un 1~ 3 70 h a7
Elaphant
Centro 2-14 63 9 26
Siratvo 0- 3 68 2 30
Desrodium 0- 2 75 1l 24
Puntero
Centro 3- 58 8 34
Biratro 0~ 2 54 1 45
Desmod fum 0- 6 49 2 49
Star
Centro 4~ 22 32 12 56
Siratro 1- 9 k] 3 S8
‘Desmodiun 0~ 2 4l | 58
Buffe!
Centro 4 - h | ] 12 $0
Stiratro 1 - 2 62 1 »
Desrod i us G- 5 49 1 50

#; mean of 12 values for tha scason



72

were first noted during the first weck of January, 1973, Four wecks

later the damipe was extensive in all plots containing centro, and only
the new leaf natertal appeared to be free of the disense, This dlsease
occurred at a tiwe of high raiufall and high huztdity, so the deconposl-
tion of dead tissue and recyeling of nutricnts were extrencly rapid,

Por this reuson, the associsted praus specties fu all cunes showed a much
more rapid fluzh of grovih with contro than with the other Yepure species,
and weed grovih vas stinodated dn a sfuilar wantier. A cafeteria grazing
trial stuly repurted dn the Plehilinzue annual rescearch publicatfon

C(IRIAP 197)) indicated the sare discase infestation during the naue sea-
sonal tize period with 4 pulnca-centyo awsociation., In thelr study, the
percentape of centro fu the sward fncrcased steadfly fron October unti)
late Jansary (:06-40%), then ft diopped to lewe than 105 in approxinately
one month, KHecovery, hovever, vas very rapid, and by May ({.¢., tvd
-oeths) the peroent of coentro In the vward Lisd returacd to approxinitely
5%, The yesulta of thore twa studfes auppest that altiourl rature centro
tissue §u suscepiidle to fungal sttach at the Yepfundng of the ralny sean
son, regiovth $u free of the dizcane, The nutrfents rolvancd by the
decomponing lea! and veot tiscue are avaflable fur fnocdiate uptske by

the aetociated prass plants whuse provih $s theveby stivalated, The
guineagrasa whilch vas elther ansvelated with centro or fertflised vith
nitrogen durtng this valny period, vas found to have a slpnificantly higher
(5% level) crude protedn content than vhen the zane species vere subfected
to othur treatronta, Unfertdlfscd gulneagrans contatned 11,330 crude piro-
tedn, whercas pulncagracs grown In assoclatien with centyo or ferti)fzed

vith nitrogen contatned 12,435 and 12,52 crude protein, respectively., low=
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sver, becauee the experiument currently being discunsed was conducted
during the first year of forage growth, the amount of data generated on
the recovery and n’trogen contribution of cenivo Is Insuificient, There=

fore further investipation in this arca is needed,

Overall Analyrir of the 21 Day Rest Pericd (Both Seasons)

When all the data for the 21 day rest perfod was combined and analyzed,
elephantgrass and pulncagrass were significantly higher yielding (P<0,05)
than the other prass species, while the fertilizad treatment outyiclded
the other treateents. However {t should be noted that the Duncan's
multiple range anaiyuds showed that although the centro yields were lower
than thone obtatned by nitropen fertilization, these differences were
not significant at tue 5% level, In 60" of the harvests, the fertilizer
treatuent was found Lo outyleld the other treatrments, vhercas {n 407
of the harvests the centro treatneat yield vas highero The dessodiun
treatnent and the buffelprass and Pungela specdes showed the poorest per-
foruvauce overall,

Tho crude protein content of each of the lepune apecien was deter=
mined from pooled sanples coliected at each hnrvest, Centro had the highest
average (mean for 00 analyses) crude sratedin content (25,37), folleved by

desmodiun (21,5%) and Siratre (21.1%), vespectively,

& Ueek Clinodne Tresueney: Dry Ceason
P R R TRy SR et 8

WP ST T A LN IR TR

The quantitative d.ta fur the three harvests of this 18 vce)k poriod
s summarised in Table 12, The yleld of the three tall groving, bunch

type grass species wan eipnificantly greater than the other grass spoecies
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Table 12, Dry Season Quantitative Production Data =
42 Day Rest Period
Dry Matter Yield Component Yield
Crass Treatment Total Growth for 3 harvests
3 harvests rate Grass Legume
kg/ha g/m?/day kg/ha kg/ha
Guinea Control 10,146 8.1 10,095 ——e
Nitrcgcn 9.633 706 9’567 m———
Centro 9,870 7.8 7,187 2,639
Siratro 9,618 7.6 8,861 202
Desmcdiun 8,592 6.8 7,592 843
Elephant Control 21,933 17.4 21,808 ——
Nitrogen 1y,338 15.3 19,048 ——
Centro 21,180 16. 8 15,611 5,263
Siratro 19,440 15.4 17,629 1,527
Desnodium 18,302 14.5 16,615 1,580
Puntero Control 8,046 6.4 7,352 -
Nitropen 8,595 6.8 7,888 -
Centro 7,185 5.7 3,583 3,476
Siratro 7,494 5.9 5,718 928
Desmod]unm 7,515 6.0 5,048 2,154
Pangola Control 4,623 3.7 3,819 -
Nitrogen 5,250 4,2 4,046 ———
Centro 7,080 5.6 2,104 3,013
Siratro 4,482 3.6 2,629 500
Desmodium 4,476 3.6 2,579 613
Star Control 6,528 5.2 6,188 ——
Nitrcgen 6,477 5.1 6,331 ———
Centro 7,128 5.6 4,110 2,516
Siratro 5,328 4,2 4,662 441
Desmodiun 6,909 5.5 6,601 183
Buffel Control 6,756 5.4 6,488 —
Nitrogen 5,661 4.5 5,376 ———
Centio0 7,248 5.8 4,866 2,159
Siratro 5,421 4.3 4,551 116
Deswndium 6,498 5.2 5,397 694
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and significantly different from cach other in the order of their
respective iInherent genetic capacity. All grass spécies reached physio-
logical maturity and produced reproductive tillers under thistclipping
frequency, so that only the climatic and edaphic factors limited tofal
plant development, Elephantsrass was the highest yielding species,

and formed a complete canopy wideh controlled weed growth by shading.
This wvas also true of gulncagrass, the seconce highust yielding species.,
Puntero ylelds were of the nexz hizhest order, Lul because of plant
spar fng, much of their botanical composition was’wenfa. Because of the
lack of diseasc ani? imscct pests previously digcussed in the 21 day
rest period dry season, the centro associatlons significantly outper=-
formed the Siratro and desmodium associatious, howiver there was "o
significance bLetv.er the centro, fertilized, and 'mfertilized trcarment
ylelds. During the firsl harvest of this senson. the yicld of the
diseascd Pangoin ireatments were significantly Isver ihan tne yields

of the other j;-ze5 gspecies, and wiwen it failed to recover duriog the
rainy scason, it vos eliwminated frow vhe stucr. Ghe ylelds of 4li the
grasses e..cept elephantyrass and Puateco declinel in roughly a lincar
menner a5 the dry season pooaressed, e c¢lephantgrass and Puntero
yields increased during the recond harvest, tten dronped sharply to a
point well below the level of the flrut harvert.

The qualicative data presented in Taule 13 fadicates that the guinea-
grass fortilized, stargrass-ceatro, and buffel;: vg-centro treatments
were higher Ju perernt digestibility cud thercfore in digestible dry
meiter preas:iion (han the other treatments, respectively., Both the

crude prctein content and yvield were highest in the centro-prass associations.


http:ce:,I.ro

Table 13,

Dry Season Qualitative Production Data =
42 Day Rest Period
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Digestible Uryvﬁnrrqf

Crass Treatnent Crude Protedn
Yercent feld Percent Yield

4 kg/ha p4 kg/ha

uinca Control 48,4 4,901 13.0 1,355
Nitrogen 51.6 4,971 11.9 1,175

Centro 47.2 4,659 16.1 1,595

Siratro 48.3 4,645 13.0 1,304

Desmodium 47.8 4,107 14.3 1,281

Elephant Control 51.3 11,252 16.1 3,724
Nitrogen 53.1 10,268 14.5 2,81

Centro 49,2 10,421 18.5 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
Nitrogen 54,4 4,676 12,1 1,047

Centro 53.0 3,806 17.6 1,309

Siratro 50.6 3,792 13,6 1,040

Desmodiun 51.9 1,900 14,0 1,069

Pangola Control 51.7 2,393 12,6 612
Nitrogen 49.8 2,61} 12.3 695

Centro 49,2 3,483 16.8 1,170

Siratro 47.5 2,129 12,4 569

Desmodium 47.2 2,)13 12.2 574

Star Control 47.0 3,068 11.3 738
Nitrogen 49.5 3,200 12,2 8.5

Centro 51.3 3,657 16.1 1,213

Siratro 46.8 2,494 11.7 627

Desmodium 46.4 3,200 13.2 941

Buffol Control 52.7 3,560 11.1 749
Nitrogen 53.1 3,006 11,2 630

Centro 55.8 4,044 15.9 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 repruvsent the relationship between
dry matter production, botanical composition, and crude protein yields
for five of the six grass specles and their respective treatments,

Here agaln, although the dry matter ylelds of the centro-grass assocla-
tions were comparable to those of the fertilized ond unfertilized treat-
ments, their crude protein yields were significantly higher fn all six
grass specices.

Table 14 indicates the fluctuation in botanical compositicn during
this period. The centro-grass associations contained a much greater
amount oi 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 discases,

6 Week Clippline Freancncy:  Rajny Season

Tables 15 and 16 summarize the quantitative and qualitative production
data for this 12 weck period. The same three tall growing bunch type
grass species produced siynificantly more dry matter in the same order
as during the dry season. There was no significant difference between
the yields of che short growing species at the 5% level, and although
the three legume assoclatlons showed greater dry matter production
than did the fertilized and unfertilized treatments, the differences
were not significant. This is the result of a number of previously
discussed factors such as high natural soil fertility, incrcased rates
of soil nitrification which occur during the first weeks of a rainy sca-
son following a prolenged dry period, and discase limitations on all

three legumc species which caused a turnover and cycling of nitrogen



Figure 11. Growth Rate and Crude Zrotein Production of Guineagrass,
Elephantgrass, and Funtero for the 42 Pay Rest Period: Dry Seasont
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Figure 12. Growth Rate and Crude Protcin Production of Stargrass
and Buffelgrass for the 42 Day Rest Poriod: Dry Seasont
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Table 14. Botanical Composition of the Grass-legume Associations
for the 42 Day Rest Periodi Dry Season

Legume X* Botanical Composition
Range Crass Lepume Weed
4 4 b4 ) 4

Guinca

Centro 9 = 47 70 29 1

Siratro 2-10 93 6 1

Desmedium b ~-15 90 9 1
Elephant

Centro 12 - 37 75 24 1

Siratro 3-13 92 7 1

Desmodium l-14 92 7 1
Puntero .

Centro 42 - 54 51 48 1

Siratro 11 - 15 73 13 14

Desmodiun 8 - 40 68 24 8
Pangola

Centro 37 - 63 23 46 k)

Siratro 4 - 17 53 12 35

Desmodium 7~ 22 50 15 35
Star

Centro 29 « 42 58 a5 7

Siratro 6 - 11 87 8 5

Desmodium 1~ 4 96 2 2
Buffel

Centro 2 - 22 86 11 3

Siratro 1-235 72 17 11

Deenodium 5 - 33 74 14 12

*; mean of 9 values for the season



42 Day Ruat Period

8l

Table 15, Rainy Season Quantitative Production Data =

b rxn}!n'tm.t ¢r Yield

Component Yield

Total Growth for 2 harvests _

Grass Treatment 2 harvests rate Grass Legume

kg/ha g/n?/day kg/ha kg/ha

Guinea Control 8,654 10.3 7,924 ——
Nitrogen 8,914 10.% 8,281 ———

Centro 10,744 12.8 10,202 490

Siratro 10,280 12,2 8,482 1,130

Desmodium 12,772 15,2 11,203 782

Elephant Contro) 18,440 22,0 18,356 -—-
Nitrogen 18,002 21.4 17,515 -——-

Centro 17,886 21.3 15,771 1,773

Siratro 16,804 20.0 16,365 348

Desmodium 17,680 21.1 16,950 76

Puntero Control 6,714 8.0 6,148 ———
Nitrogen 7,080 8.4 6,490 ——

Centyo 7,774 9.3 6,512 1,105

Siratro 7,878 9.4 5,323 1,102

Pesmodium 7,912 9.4 5,854 633

Pangola Contrel 4,328 5.2 ——— ——
Nitrogen 4,900 5.8 —— -

Centro 6,896 8.2 —— ——

Siratro 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 3353

Siratro 6,130 7.3 3,838 346

Desuodiun 5,356 6.4 3,809 73



Table 16.

Rainy Season Qualitative Production Data -
42 Day Rest Period

Digestible Dry Matter

Crude Protein

Grass Treatment Yield Yield
kgsna 4 kg/ha

Guinca Control 3,816 8 842
Nitrogen 3,887 11.0 983

Centro 4,212 11.6 1,245

Siratro 4,102 6 978

Desmodiun 5,185 1 1,274

Elephant Control 8,814 2,213
Nitrogyzn 8,983 2,270

Centro 8,210 2,522

Siratro 8,402 1,805

Desmodium 8,398 2,171

Puntero Control 3,532 571
Nitrogen 3,590 688

Centro 3,662 857

Siratro 3,095 753

Desmodium 4,241 714

Pangola Control 2,142 330
Nitrogen 2,264 462

Centro 3,130 847

Siratro 2,579 561

Desmodium 1,735 369

Star Control 2,098 414
Nitrogen 3,319 801

Centro 2,612 758

Siratro 2,662 620

Desmodiun 2,589 561

Buffel Control 2,959 512
Nitrogen 2,571 517

Centro 2,561 651

Siratro 2,832 581

Desmodiun 2,699 505
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contained in the legume plant parts, Complete physiclogical develop-
ment of all species occurrcd under this infrequent defoliation and
optimum climatic period.

Although the legume-prass associations gave the highest dry natter,
digestible dry matter, and crude protein yields with four of the six
grass specics, the fertilized treatnent outyielded the other treat-
ments in all three aspects of preduction with stargrass,

Figure 13 {1lustrates the relationship between dry matter and
crude protein yields for this period for the three highest yielding
grass specices. Once again, the centro-grans associations produced as
much or more dry matter as did the fertlilized or unfertilized treat-
ments, but their respective yicl&s of crude protein were significantly
higher.

The botanifcal composition data for the 42 day rest period during
Ehe rainy scason 18 found in Table 17. The previously discussed viral
and fungal disease limitations of desmodium and Siratro diminished
during this period, while the percentage of centro in the swards dropped

considerably due to fungal attack.

Overall Analysis of the 42 Day Rest Period (Both Scasons)

When all the data for the 42 day rest period was combined and analyzed
statistically, elephantgrass, gulncagrass, and Puntero significantly out=-
ylelded the other treatments at the 5% level, and were significantly dif-
ferent from cach 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 ahove

the unfertilized and fertilized treatments, in that order.
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Table 17. Botanical Composition of the Ciass-Legume Associations
for the 42 Day Rest Pericd: Rainy Scason

lepure %* Botanical Corposition
Fange Grnss Legume Weed
4 4 )4 X
Cuinea
Centro 2~ 7 94 5 1
Siratro $ w17 83 11 6
Desmodium 3- 9 88 6 6
Elephant
Centro 8 - 12 88 10 2
Siratro 1- 3 97 2 1
Desmodium 0~ 1 96 l 3
Puntero
Centro - 24 84 14 2
Siratro 11 - 18 67 15 18
Desmodium 7- 9 74 8 18
Star
Centro 8 - 36 63 22 15
Siratro 15 - 20 67 18 15
*Desmodium 1 - 2 91 2 7
Buffel
Centro 3-20 66 11 22
Siratro 5~ 6 63 5 32
Desmodium 1 - 2 66 2 32

*: mean of 6 values for the scason
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As was noted during the discuesjon of the overall 21 day rest
period, centro had the highest averape (mean of 30 analyses) crudo
protein content and the srallest range or degree of crvude protefn
fluctuation of the 3 legume specles studfed,  Centro averaged 23,3%
crude proteln during the 42 day rest perfod compared to 25.%% for the
21 day rest period. Siratro contained an average of 20.2% crude pro=
tein, and desmodiunm averaged 19.47% crude protein for the 42 day rest

period.
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SUMMARY AND CONCLUSIONS

The compatilLility of 18 grass-lepune ansociations, thelr persistence
during both the wet and dry weacons, and the effect on forage production
and quality causcd by the Inclusfon of adapted tropical legumes into
the sward was studied {n the Plchilingue Experimental Station on the
coast of Fcuador. This experinent was concucted from May 1972 through
February 1973, Two olpping frequencies and thelr vespective 21 day
and 42 day recovery intervals were used on guincapgrass, clephantgrass
hybrid 534, Vuntero, Panpola, stargrass, and buffelgrass,  Flve treat-
ment evaluatlons were made with cach grass species.  The control and
nitrogen fertilized treatuents were on pure grass plots, while the legumes
c;ntro, Siratro and greenleaf deumodiun were incorporated with the grass
species In the remaining three treatments,  Simple superphosphate at the
rate of 72 kg of P/ha were applicd to all plots prior to establichment,
The 100 kg N/ha nitropen fertflicatfon treatwment was subdivided into
two 59 kg N/ha appllications, Durlng the May 31, 1972 application,
urea was uscd in furrows alongside the plunt rows, and on December 21,
1972, ammoni{um nitrate was broadcast over the established grass plots,

A randomizcd block design with 90 plots (5 x 10 meters) in three
replications was uscd, with 30 square meters serving as the net experi-
mental arca 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,
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and analyzcd'for nitrogen and digestible dry wmatter, Observations and
fresh weight yleld measurements were made in the ficld during the estab-
lishment phuse and throughout the experiment.

During the 11 week establishment period, fnsect and weed infasta~-
tion required control and some minor rodent damage was noted on the
tender legume scedlings. However these factors were used as sclection
eriteria once all sypectes were securely established, and in one in-
stancce later in the atudy, the corbined attack of Sehizapis spp.

(anhids) and Pucrinfa cahuensis (rust) on Pangola forced the elimination

of this spu:fes fruw further stuay.

Durling cx&nbiishﬂcnt, buffelyrass outyfelded the other grass specien,
followed by guincagrusg and elephantprass in that order, and the nitrogen
fereilizod treatients ontyielded the other treatments, We may conclude
from this, that grassces established by seed develop more rapidly than
vegeratively propagated specles, and 1f gopplicd with adequite soll
nitrogen this greates increment of growth can he further cxpanded,
Howvever the lopume treatments outyielded both the concrol and fertilized
treatrents in stargrass, Poagola, and Puntero because with these grass
epecies, cotablishuent was clov and conscquentiy the legume contribution
to the total botanfcal composition was greater,

vhe most severe defoliation regime and cliwacic stress conditions
of this experiment were present during the dry seasen of the 3 week
c¢lipping frequency. Elephautprans and pulneagrass, in that ocler, showed
the greatest recovery during this period, while as a group the centro,
fertilized, and unfertfllued treatments werc sfgnificantly higher ylelding

than the other two legume treatments, which were limited by discase. Al=-
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EhﬁQgﬁ'tﬁéfﬁiﬁrdgéﬁ fefﬁilized‘fréafﬁehtfpfodhééd‘mofé dry ﬁétﬁer pér
lﬁé&tare, the'céntro-gfass aésociaﬁions yielded more crude protein per
hectare than did the fertilized treatments. This pattern was repeated
throughout the e*periment, 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 tﬁe subsequent rainy season, a flush of growth
was noted in all grass species, however the centro-grass and fertilized
treatments significantly outyielded the other three treatments. At the
beginning of the rainy period, the amount of centro in the mixtures of
all grass species was greater fhaq 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
was 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 discase, and some overall centro recovery was noted two months after
the 1?itial disease infestation.

Under the 6 week clipping frequency, all grasc species attained
physiological maturity so that yields were correlated with the inherent
genetic vigor of the respective grass species. The differences between
ylelds were also less significant.

The performance of all species studied was considered representative
of expericnce obtained elsewhere within the tropics of similar climatic

snd edaphic conditions. Of the three legumes studied, centro was
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kélgérly the best legﬁme'in terms of compatibility with all six grass
speéies, persistence, and nutritive value. The dry matter production

of centro-grass assoclations 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 pressurc by increasing livestock
numbers to fully utilize the abundant forage produced during the rainy
geason is not feasible if there is insufficient high quality forage
available to carry the same animals through the dry scason. Although
improved grass species are available, at present there is very little,
if any, commercial production of sced or vegetative material, Pasture
renovation and management technology are not widely known, and the use
of fertilizers is still considered c¢conomically proniblitive., For these
reasons the utilization of adapted forage lepumes, which are prescnt in
abunéance in the native vegetation, Is feasible both from the standpoint
of their ability to {ix atmospheric nitrogen and because they can pro-
vide highly nutritious Jivestock feed during critical climatic stress
periods. Further rescarch in the arcas of animal sclectivity, manage-
ment, carrying capacity, micro-nutricnt fertilization, fnoculation, and
seed production will be required before grass-leguue assocfations can

be exploited to their full potential in developing tropical countries,
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Table 18. Analysis of Variance for Dry X .ter Production: Dzy Season - 3 Week Clipping Frequency

Scurce DF Sum of Squares Mean Square F
Crass 5 5,139,728 1,027,946 35.84 **%
Treatnent 4 473,440 118,360 4.13 **%
Crass x Treatoent 20 488,382 24,419 0.85 NS
Rep 2 141,036 70,518 2.46 *
Grass x Rep 10 253,493 25,349

Treatneat x Rep 8 147,588 18,443

Crass x Treatnent x Rap &40 1,262,334 31,558

Total 89 7,906,000 88,831

»
YY)

[ 1)

Statistically Significant (P<0.05)
Highly Significant (2<0.01)
Not Statistically Significant
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Table 19. Duncan's Multiple Range Teet on Mean D.M. Production by Grasses:

673

Dry Seascn - 3 Week Clipping Frequency

3 o

873 899 1055 1413
* *

I:
I1:
III:
IV:
v:
Vi:

The responses not

P. maximm
P. purpureum
H. rufa

D. decunbens
C.

C.

plectostachyus
ciliaris
= Llr:arls

underscored by the same line are significantly different at the 5% level.



Table 20. Duncan’s Multiple Range Test on Mean D.M. Production by Treatment:
Dry Season - 3 Week Clipping Frequency

ts t ty t; ty
831 922 964 965 1055
tl ¢+ Control
ta: N fertilized
ta: C. pubescens

M. atroourpureum
tg: D. intortum

The responses not underscored by the same line are significantly different at the 5Z level.
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Table 21. Analysis

of Variance for Dry Matter Production: Rainy Season - 3 Week Clipping Prequency

Mean Square

Source rr Sun of Squares F
Crass 5 11,292,208 2,258,442 43.55 %%
Treatment 4 2,482,097 620,524 11.96 **
Grass x Treatment 20 955,260 47,763 0.92 NS
Rep 2 1,253,316 626,658 12.08 **
Grass x Rep 10 592,491 59,249

Treatment x Rep 8 622,155 77,769

Grass x Treatment x Rep 40 1,793,384 44,835

Total 89 18,990,912 213,381

o

28 00 s

Statistically Significant (P<0.05)
Highly Significant (P<0.01)
Yot Statistically Significant
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Table 22. Duncan's Multiple Range Test on Mean D.M. Production by Grasses:
Rainy Season - 3 Week Clipping rrequency

1v vI v 111 1 I
122 1217 1346 1413 1575 2285
*

¢ P. naximum
II: P. rurpurewm
ITi: H. rufa
IV: D. dcecirmbens
V: C. nlectestachyus
VI: C. ciiiaris

The responses not underscored by the same line are significantly different at the 5Z level.
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Table 23. Duncan'’s Multiple Range Test on Mean D.M. Production by Treatments:
Lainy Season - 3 Week Clipping Frequency

1357 1392 1450 1650 1791

tj: Control

ta: N fertilized

ta: C. pubescens

ts: M. atropurpureum
tg: D. incortum

The responses not underscored by the same line are significantly different at the 5% level.
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Table 24. Analysis of Variance for Dry; Matter Production: 3 Week Clipping Frequency

Source oF Sum of Squares Mean Square F
Grass 5 7,147,162 1,429,432 55.86 **
Treatzent 4 957,339 239,335 9.35 **
Grass x Treatment 20 570,238 28,512 1.11 NS
Rep 2 285,607 142,803 5,58 **
Grass x Rep 10 199,447 19,945
Treatzment x Rep 8 240,103 30,013
Grass x Treatrment x Rep 40 1,044,758 26,119
TOTAL 89 10,544,654 117,355

*%: Highly Significant (P<0.01)

KS: Not Statistically Significant
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Table 25. Duncan's Multiple Range Test on Mean D.M. Production by Grasses:
3 Week Clipping Frequency

931 956 1078 1089 1263 1762
o - * *

I: P. maximum
II: P. purpureum
ITI: H. rufa
IV: D. cdecvmbens
V: C. plectostachyus
: C. cilicris

The responses not underscored by the same line are significantly different at the 5% level.
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Table 26. Duncan's Multiple Range Test on Mean D.M. Production by Treatments:
3 Week Clipping Frequency

1055 1122 1133 1239 1349

t Control

N €ertilized

C. pubescens

M. atrcourpureunm

D. intortum

N

(o B a A a il o
v s W

s se 98 t0 G0

The respouses not underscored by the same line are significantly different at the 5Z level.
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Table 27. Analysis of Variance for Dry Mo

- 2 Production:

Dry Season — 6 Week Clipping Frequency

Source DF Sunm of Squares Mean Square F
Crass 5 252,571,527 50,514,305 178.90 **
Treatment 4 2,684,475 671,119 2,38 **
Grass x Treatment 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

Treatzent x Rep 8 2,230,894 278,862

G-ass x Treatment x Rep 40 12,812,982 320,325

Total 89 276,887,086 3,111,091

0

4

Statistically Significant (P<0.05)
Highly Significant (P<0.01)
Not Statistically Significant
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Table 28. Duncan's thtiple 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
* * *

: P, maximum

II: P. purpureum
III: H. rufa

IV: D. decurmbens

V: C. plectostachyus
VI: C. ciliaris

The responses not underscored by the same line are significantly different at the 5Z level.
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Table 29. Duncan's Multiple Range Test on Mean D.M. Production by Treatments:
Dry Season - 6 Week Clipping Frequency

2877 2905 3053 3224 3316

tL: Control

ty2 N fertilized

tq: C. pubescens

t;: M. atropurpureum
tS: D. intortun

The responses not underscored by the same line are significantly different at the 5% level.
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Table 30. Analysis of Variance for Dry .":tter Production: Wet Season - 6 Week Clipping Frequency

Source DF Sum of Squares Mean Square F
Grass 5 434,815,449 86,963,090 138.52 #*
Treatment 4 2,924,690 731,173 1.16 XS
Grass x Treatment 20 14,033,170 701,658 1.12 NS
Rep 2 1,233,938 616,969 0.98 ®S
Grass x Rep 10 8,217,199 821,720
Treatoent x Rep 8 4,509,729 553,716
Grass x Treatzent x Rep 40 23,685,090 592,127
Total 89 459,419,264 5,499,093

®&: Highly Significant (P<0.01)

ES: Mot Statistically Significant



sot

Table 31. Dumcaa's Maltiple Range Test om Nean D.X. Production by Crasses:
Rainy Season - 6 Veek Clipping Freguency

v i v i 4 | &4
2349 279 2982 3.3 3137 zn
. - .

I: ?. cuximum

II: P. purporesm
Iff: B. twfa

Iv: O. decunbons

T: C. plectiostachrus
Vit C. cilisrie

The responses tot ondetscored by the sanme lise ave significantly £ifferest at the 52 level.
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Table 32. Descan"s Multiple Raspe Test om Fean DN, Profmitiss by Treatmests:
Rulny Serson = § Veek Clipping Freguency
03y 4270 L3395 L4323 L9593
ta: Comtrel
ty: ¥ fertilized
| 4 13 o L_ltn_:’!':-g.g;rn:
1.1. : ¥, a4 FepurPpureun
ter D, Imisrdum

The responses mof wnderscoted by the same Jime are significawtly &ifferent st the 52 lewel.
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Tedle 33. Jealysis of Vartawee for Dry Metter Production: © Week Clippimg Freguency

Siourre or P of Sounres Mean Sgusre r
] Tt ane 3 218,055,080 $3,613,C1% 250.8 o
Treatment “ 1,375,997 I v 1.41 5
Crass x Trestment &0 4,407,140 210,3%7 0.8 38
ey 2 182,40 #1219 ©.33 38
s
Crase » Tep 12 2,492,752 249,279
Trestnewt x Rep ® 1,473,999 18,250
! Crase = Treatnent u Rep &« 10,379 S L9 7%
TOTAL ¥y 3209 LY 3,797,131
**: RigAly Stgnificent (P<D.01)
3E: Neot Sratistically S.pnificamt
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sot

Table .

Dumcan's Mulziple Rampe Test on Mean D Profuctios by Crasses: § Week Clipping Fregquency

P4 4 k! v 881 I i1
Biial 2 bAT M 2487 3L 2969 7563
» L] -

I: P. nmaximm
i1: P. priperesn
Ii%: W. refs
IT: D, @z .'-;.r':ti‘::'r!'m
V: C. 2 T e
Vi: C. cilisris

The tesponses mot wnderecoted by the same lime

sre significently &ifferent at the 52 level.



Table 35. Duomcan's Maltiple Ramge Test om Mean D.X. Prodocticm by Trestments: 6 Week Clipping Freguency

L) 3 5 t2 < 1 4 3
sl 3518 3540 3557 3328
3
gyt Comirel

ty: ¥ fertilised
Tyt C. pobescens

? M. atropurpotesm peTes
€5t B. iatortem

The respomses sot underscored by the same lime are uca!flmtly Sifferent at the ST level.




Teble 36, Eervicio Nacional de Heteorclogia e Hidrologia Data

T Tewerature TeTatlve—FrecTy T
I e o Hl-l?‘i'd‘ll)' _ L
¥ % # Max,
Month X max, min, ¥ wmin, Total Days Day
°c °c ‘c S | ma days ms
1971
January 24,3 9.0 2.0 85 36 259 23 &
Yebruary 2.9 9.7 20.9 89 65 &717 2% )%
Mareh %) N, 21.7 E6 59 146 28 1351
April 25,0 3N.0 2.6 86 62 140 19 &)
Hay 23.7 2.3 0.3 g6 6% 4 7 ]
June 2.1 3.4 20,1 68 &7 31 19 16
July 22,2 22.7 19.1 8 & 0 2 0
Avgust 2.5 277 19 85 64 15
Septenber 2).) 29.2 19.7 £} 60 18 11 15
October 23,2 .6 19.7 8y & 11 9 3
Novenber 2.2 28,4 19.7 80 & 15 6 11
Decenber 4,5 .0 0.6 82 60 12y ¥ 9
1972
January 4.8 25,9 N, B84 5 1B 26 )06
Felvuary 5.3 .7 1.5 8¢ 38 Wy B W
ich 6.0 3.9 2.8 82 55 541 23 104
Aprid .2 N.& N2 8) 3 375 25 8%
Nay 26,0 0.6 2.1 8 B 189 15 &)
June 25, 29.8 21.% 87 6) 0 11 67
July 6.8 25,8 21.) 8S 62 M b S } |
August 4.8 29,4 11,0 85 6} 68 g8 3
Beptenber 24,9 29,1 2.0 B 61 24 » 10
October .9 29.0 20.% 85 62 &2 8 19
Koventer 25.0 27.6 3.4 8l 5 5% y 4
Decenber 26, 3.6 .2 85 58 98 2 5
1973
January 26.7 3.9 2.5 B8] 64 397 29 65
February 26,8 9.1 2.0 E7 358 ML 4 N2
110
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