AGRICULTURA TROPICA ET SUBTROPICA VOL. 40 (1) 2007

EFFECT OF HARVESTING STAGE AND NUTRIENT LEVELS
ON NUTRITIVE VALUES OF NATURAL PASTURE IN CENTRAL
HIGHLANDSOF ETHIOPIA

KITABA A., TAMIR, B.

Abstract

The effect of harvesting stage and nutrient levels on nutritive values of natural pasture was studied in the central highlands
of Ethiopia. The treatments consisted of four harvesti ng stages with six N + P nutrient levels. Advancing harvesting stage
sgnificantly (p<0.05) decreased the mean crude protein and in vitro dry matter digestibility (1'VDMD), while the mean
values of cellulose and Neutral and Acid detergent fibers (NDF and ADF) were significantly (p<0.05) increased with
advancing harvesting stage. The mean values of hemicellulose and total ash showed an increasing trend with advancing
the harvesting stage. Nutrient levels significantly (p<0.05) improved the mean crude protein and total ash contents and
IVDMD. Nutrient application at 22.5 kg N + 25.9 kg P/ha improved the mean crude protein, total ash and [VDMD from
6.8 t0 11.8 %, from 12.3 to 22.5 % and from 67.8 to 79.7 % at 30 days of harvesting stage, respectively. Nutrient levels did
not affect the contents of hemicellulose, cellulose, NDF and ADF. In vitro dry matter digestibility, crude protein and total
ash contents were significantly (p<0.05) negatively correlated to stage of harvesting with corre ation coefficients (r = -0.87, -
0.81 and -0.16), respectively, but were significantly (p<0.05) positively related to nutrient levels with correlation coefficients
(r = 0.42, 0.51 and 0.12), respectively. While harvesting stage was significantly (p<0.05) positively related to NDF, ADF,
cellulose and hemicellulose with correlation coefficients (r = 0.98, 0.95, 0.92 and 0.37), respectively, nutrient application did

not relate significantly (p>0.05).
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Abbreviations: ADF = Acid Detergent Fiber; CEL = Cellulose; CP = Crudeorotein; HCE = Hemicellulo®; IVDMD = In
vitro dry matter digedibility; N + P = Ntrogen + Fhosphorus; NDF = Neutral Detergert Fiber; TASH = Tatal ash.

INTRODUCTION

Livestock production plays an important role in
Ethiopianfarmingsystensprovidingmilk, meat, draught
power, manure, hidesand skirs. The contribution of
livestack to the national ecanomy is estimaed to be
30 per cett of the agticultural GDPand 19 per cert of
the export earnings (Azageand Alemu, 1998).In spte
of the immerse contribution of the livestock sedtor to
the national ecanomy, animal productivity is extremely
low manly due to poor sndard of feedirg bath in
terms of quantity and quality. Livestock detive most

of their feedfrom naural pagure and crop residues.

Natural pagures constitute the mgor feed source
providing more than 90 per cert of the livestock feed
either in the form of grazirg or forages conserved in
the form of hay for dry sea®n use (Lulseged, 1985).
However, besideghe limited aceage, herbag yield and
nutritional quality of naural pagure is generally low.
The herbag malkesrapd growth of fair quality early in
the rainy sea®ns and mauresvery rapdly, and during
the dry sea®n large quantities of over maured herbag
are available which are generally poor in quality, and
thus animals may loose weight or even die. Similarly,
cera crop residueghat are usedto augmert the year
round ruminant feedbudgetare of low nutritive value
and canna meetthe nutrient requiremer of livestack
evenat mairtenancelevel.

The Ethiopian highlands are charaderized by high

livestack and human population dersity, which makes
up 80 per cem and 88 per cen of the livestock and
of human population, respedively (Daniel, 1996).
Consequertly, the available naural grazimg lands
are beirg either encoaded ly arable farming or are
seriously overloaded with livestock beyond their
optimum carrying capacity causing overgrazim, soil
erosion and overall land degradtaon leadirg to low
agricultural productivity. The sustinability of livestock
production sygems in the highlands d Ethiopia could
only be ensued through adegate and quality feed
supply which may be derived from properly managed
natural pastirelands. Harvestirg of forage speciesat
early stageof growth with proper grazig manaemert
(Zinash et al., 1995) and application of inorganic
nutrientsto naural pastirelands (Teshome 1987) are
among the straegies towards improving the nutritive
valuesof natural pastirelands.
Thus,thepresen study wasdesignedo assssnutritional
quality of the natural pagure at differert harvestirg
stagesand levels of inorganic nutrientsapplication.

MATERIALSAND METHODS

The study wasconducted during the mainrainy sea®on
from July to November 2001 on naural pastireland
of smallholderfarmers in Yayagullele-Dére Libanos
District of the Central Highlandsof Ethiopia. The study
area lies between38 30' E and 38°39’ E longitudeand
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between9 30" N and 9° 50" N latitude The altitude
ranges between 2200 to 2700 m.a.s.| (meters above
see level), which is charaderized by bi-modal rainfall

patem ranging from 800 mm to 1200 mm, and
temperaure variesfrom 15to 23*C. The dominant soil

type of the area is chromic vertisol with a pH of 5.60
and 4.15%soil organic métter. Livestock production is
charaderizedby group grazirg, where catle, sheepand
goats are reared an private grazirg landswith a high
stocking rate.

The treatmerts consisted of four stagesof harvest(30,

60,90and 120days) in mainplotsand six N + P levels

(0+0,45+5.1,9.0+ 10.2,13.5+ 15.3,18.0+ 20.4
and 22.5+ 25.9 kg/ha)in subplots. Thus, altogether

24treatmert combinations were put to spit-plot design
and replicatedthrice. Thenetplot sizefor one mainand
one subplot treatmert consisted of an area of 24 x 2m
and 2 x 4 m, respedively. The N + P nutrients were
applied in the form of DiammoniumPhosnate, DAP

(18:46:0).

The forage samples were dried a 60 °C to a constant
weight in a forced drdt oven to deemine nutrient
conterts and overnight at 100 = 5 °C to deemine
per cen dry matter. Crudeprotein (CP)and total ash
(TASH) were deerminedaccading to AOAC (1990).
Nitrogen (N) was detemined by Kjeldhal metod,
which was then multiplied by 6.25 to edimate the
CP contert. Total ashwasdeemined by igniting the
forage samplesin a muffl e furnaceat 550+ 50°C for 5
hrs. Neutral detergent fiber (NDF) and Acid detergent
fiber (ADF) were deermined accading to Goeling
and van Soed (1970). Hemicelulose was deemined
as the difference between NIOF and ADF, where as
the cellulose contert was deemined by sulirading
ADL and ADF-ash from ADF The maodified Tilley
and Terry method was usedfor deemination of in
vitro dry métter digestiblity (IVDMD) (van Soeg and
Robertson, 1985).Data were suljected to sttistical and
correldion analysesusirg Minitab (1998).

RESULTSAND DISCUSION

Hemiceluloses and cellulose conterts increased
significantly (p<0.05)with advancing harvestirg stage
Hemicelulose and cellulose increased in the control
from 24.5t0 26.3% and 15.5t0 27.0% at 30to 120days
of harveding, respedively (Table 1). However, nutrient
levels did not affed the hemicellulog and cellulose
conterts. Similar results were also oltained ty Kidunda
etal. (1990).Thecorrelaion betweencellulose and stage
of harvesting was significantly (p<0.05) posttive (r =
0.92).Theresuls of the presert study were in line with
those reported by Moore and Hatfield (1994).
Harvestirg stagesignificantly (p<0.05)increased NDF
and ADF conterts. The NDF and ADF contertsin the
control increased from 47.5t0 66.9% and from 22.4%
t0 42.9% at 30 and 120days of harvestirg, respedively
(Table 2). Both the NDF and ADF conterts were not
significantly (p>0.05) affeded by nutrient levels. The

results d pthepresent study werein linewith thereports
of Zinashet al., (1995)which de<ribed nutrient levels
at the same harvestirg siagedid not affed NDF and
ADF conterts. The increased NDF and ADF conterts
with adrancing harveding stage might be as®ciated
with an increase in cell wall lignifications asforagesget
matured.

Advancing the harvestirg stage significantly (p<0.05)
deckeased the CPcontert of theforagesfrom the naural
pagure (Table 3). The mean CPin control ranged from
6.8 % at 30 days to 4.8 % at 120 days of harvestir.
Nutrient levels significantly (p<0.05)improved the CP
contert. Application of nutrientsat 22.5kg N + 25.9
kg P/haresultedin the highest CRcontert of 11.8% at
30 days of harvestirg as compared to the CP contert
in the control (6.8 %). The results revealed that the
reduction in CP contert with advancing harvestirg
stagewasnat avoided usiig higher nutrient levels. The
results oltained in this study were in ageemert with
those reported ty Zinashet al. (1995) who reported
the declinein CP contert of the pastire along with
increasing stage of harvestirg, which might be due to
the dilution of the CP contert by increasing structural
carbohydraes of forages harvesed at late maurity
(Has@n et al., 1990). While the relaionship between
nutrient levels and CP contert was significantly
(P<0.05) positive with correlaion coefficiert (r =
0.51), the relaionship between sige harvestirg and
the CP contert wassignificantly (p<0.05)negdive with
correldion coefficiert (r = -0.81).

Nutrient levels significantly (p<0.05) improved total
ash (ASH) contert from 12.3%in control to 22.4%
at 22.5kg N + 25.9kg P/hanutrient levels at 30 days
of harvestirg (Table 3). But the total ashcontert of
the naural pastire dedined with advancing skge
of harvestirg. Theseresults were in line with those
reported by Zinash et al. (1995). The authors indicaed
thedeclinein total ashcontert of foragesfrom fertilized
natural pagures as cutting interval increased. This
might berelated to rapd growth of thefertilized pagure
which bringsabout earlier dilution and translocation of
mineralsfrom vegetative portion of the plant to roots
at late stage of maturity Maynard et al., (1981). The
interadion betweenharvestirg stageand nutrient levels
wasalso significant (p<0.05)for total ashcontert.
Advancing harveding stage significantly (p<0.05)
deceased in vitro dry matter digestiblity (IVDMD)
and increasing nutrient levels significantly (p<0.05)
increased IVDMD (Table 3). Harvestirg at 30 days of
growth siage and nutrient application improved the
IVDMD from 67.8% in control to 79.7% in 22.5kg N
+ 25.9kg P/hanutrient levels, respedively. The VDMD
dedined markedly with increased days of harvestirg
at the same or differert levels of nutrients. Although,
nutrient levels did not change the effed of stge of
harvestirg on the IVDMD, nutrient application in the
pagure improved IVDMD at early siagesadf growth
than in control. This wasin agreemen with reports
of Zinash et al. (1995) who reported the depesed
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IVDMD of the grassspecies harvesed at reldively
advanced sdgesdf harvestirg. This might be due to
deposition of lignin in the cell wall with increasing
maturity and the increasing proportion of stemwhich
becomesless digestibe when compared with the leaf
portion at advancedmaturity (McDonald et al., 1995).
The interadion betweenharvestirg siageand nutrient
levels wasalso significant (p<0.05)for IVDMD.
Theresults d this study revealedthat early harvestirg
and nutrient application resulted in higher nutrient
conceriration of forages in the padure. Harvestirg at
30 days of growth stagewith nutrient levels above 22.5
kg N + 25.9kg P/haincreased the nutritive values of
forages.
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