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Above-ground production and response 1o defoliation on a
native pasfure in lowland Nepal
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Abhstroet

Anmal shove-ground production, livestock con-
sumption, and response to experimental defolia-
tion were measwred on adjacent grazed and
fenved arens of 8 vitlape pasiure in Jowland Nepal.
Grared pasture composition was dominated by
Chrysopogon  aciculatus {45%), Cynodon
dociylon (19%), and hinperata cxlindrica (19%),
Ungprazed pasture inside un adjacent 2mx 22 m
exclosure wans dominated by £, cylindrica afier one
year of protection fram grazing. Annual above-
ground production of the grazed area was 8700
ke/hn, whesens praduction inside the exclosure
was 17000 kg/ha, Livestock consumed nearly all
the annuat ahove-ground production. An experi-
ment examined the effect of four frequencies of
defoliztion on pasture production. Defoliation
tedured praduction in a nanlinear mannes:
defolistlon every 11 days reduced production
42°%, bt defoliation every %0 days reduced pro-
duction 21%. A model was fitted (o cumulative
production  measured for three defoliation
ficatimenis to eMimate periodic and annual yield
for 2-week, 7-week, and 13-week schedules ol
cutting protecied pastures for stall fecding village
livestech, Cutting gross on v 13-week schedule has
the potentlal to produce 13% more fodder than
continuous grazing and provides a partial solution
10 illegal prazing in Chivwan National Park.
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pastoreadas y cercadas, en las tierras bajas de
Nepal. En las pasturas en pastoreo predominaron
las especies Chrysopogon aciculatus {45%),
Cynodon daciylon (19%), e Imperata cylindrica
(19%). Las pasuras sin pastorear en un area de
22 x 22 m fueron dominadas por ), cylindrica,
después de un ano sin pastoreo. La produccion
unual del drea pastoreada fue 8700 kg/ha, mien-
tras que la produccion en ef drea sin pastorear fue
de 17000 kg/ha. El ganada consumic casf toda
la produccion aérea, Et efecto de cuairo frecuen-
cias de defoliacion en la produccion de la pastura,
Jue examinado en un experimento, La defoliacion
redujo la produccion no linealmente: la
defoliacion cada 1] dias rediujo ta produccion
42%, pero la defoliacion cada 90 dias redujo la
produccion 21%. Se ajusté un modeto o la
produccion acumulada, medida en tres frata-
mientos de defoliacton fcada 2, 7 ¥ 13 semanas),
para estimar el rendimiento periddico yanual de
las areas sin pastorear, usadas para la
alimentacion del ganado estabulado de la villa,
La defoliacion a intervalos de 13 semanas tiene
€l potenciol para producir 13% més alimento que
el pastoreo continuo y ademas que constituye una
solucion parcial para el pastoreo ilegal en el
Parque Nacional de Chitwan.,

latroduction

Feeding livestack in rural lowland Nepal is an
enduring prablem for viltagers. Common grazing
pastures that sustound agricultural land are
heavily overgrazed, as are forest reserves within
a day-irip of villages and around remole grazing
camps. High demand for fodder Imposes constant
pressure on grasslands protecied within wildlife
sestrves and national parks, such as the Royal
Chitwan National Park In south-central Nepal
{Mishra 1982, 1984; Sharma 1991). Grass fodder
is scarce in pastures adjacent to the Park during
the hot dry season from March to May, whereas
ungrazed tall grassiands on primary floodplainy
in the park are lush and highty productive during
thal time because of a high wates table (Lehmkul)

1989). Consequently, many people illegally enter
the Park to cut grass or let their catile wander
ino the Park (o graze,

Strategles 1o improve village pastures and
increase fodder- supplies outside the Park are
necessary (o reduce conflicts with villagers who
require healthy productlve livestock (Mishsa 1982,
1984; Sharma 1991). Stall feeding and pasture
Improvement have been suggested as solutions (0
reduce livestock encroachment in national
parkland, reduce overgrazing in forest reserves,
provide for better husbandry of fodder resources,
and Increase livestock production {Carson ef af,
1986). Morcovers, svall feeding has become impor.
tant where common grazing grounds owned by
the central government have been fenced to
establish fuclwood and tree-fodder plantations,
but still allow grass cutting (Sharma 1991). Very
little published Information is available on the
composition, produciivity, and response to
defoliation of village pesiures 10 serve as a basis
for ¢ and lvestock 8 t.

The goal of this research was to do a case-study
of produciion and guidelines for fodder manage-
menl on pastures adjacent 1o the Royal Chitwan
National Park, Nepal. Specific objectives were;
(1) Describe composition and estimate annual
above-ground production; (2) Observe changes in
composition and productivity with protection
from grazing; and (3) Assess impacts of differem
levels of clipping on production 10 develop grass-
cutting recommendations for stall feeding.
Secondary objectlves were 1o test the grazing
oplimisation hypothesis, i.e., determine if pro-
duction was optimum at some intermediate level
of defoliation (McNaughton 1979, 1986; Belsky
1986, 1987), and to provide insight Into the
dynamics of similar grazing lawns (McNaughton
1984) In the Park that develop under heavy
grazing by wild, large-mammalian herblvores.

Methods

I conducted studies from April 1986 10 March
1987 on the 8 ha Hatisar (elephant camp) pasture
near the lowland Terai village of Snurahn,
Chitwan District, Nepal. Elevation of the site is
about §20 m. The climate Is subtropical with a
summer monsoon. Annual precipitation usuelly
exceeds 2000 mm, with 80% falling from June
to September (Lehimkuhl 1989). Mcan maximum
temperatuse is 37°C during Apsil, and the mean
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minimum temperature is 7°C during January
(Lehmkuhl 1989),

) etected & 22 x 22 m exclosure with a 5-wire
electric fence on the pasture 10 measure ungrazed
produciion and observe compositional changes
with protection from grazing. A comparable
unfenced area adjacent (o the exclosure was used
to measure grazed producilon. | estimated com-
position of the grazed area during April 1987 by
point-frame sampling along eleven 20-m
transects. Five point hils were recorded at each
of 10 stations systematically located along cach
transect from a randomly chosen staniing point.

| measured above-ground biomass in the grazed
areg by the caged-plol method (Milner and
Hughes 1968) using temporary barbed-wire
exclosures. The prosirate growth form of the
grasses and very close crapping by livesiock made
it Impossible to clip with shears 1o collect all
above-ground biomass. | therefore removed
hesbage by scraping with a trowel-like device,
commonly used by villagers for that purpose, at
graund level or <0.5 cm below the soil surface,
then washed soil away prior to weighing. The
problem with this praccdure was that scraping
collected a small amouni of below-ground
blomass, and thus morc herbage than was
available to livestock,

I randomly sampled biomass in the grazed arca
from four rectangulas 0.5 m’ caged plots and four
uncaged plots to estimale production by the
coged-plot methad af 1en S-weekly intervals over
one year., ifferent plots were measured al euch
sample period. Forage consumption by livestock
was estimated from caged-plo1 daia by Linchan’s
formula (Linchan ef of. 1952; Sharrow and
Motazedian 1983). | counted livesiock grazing the
pasture within a day of clipping to provide a
rough estimate of grazing Intensity. I estimated
sianding blomass inside the exclosure con-
cusrently by clipping four 0.5 m* rectangular
plots, then scraping residual biomass at ground
level as done in the adjacent grazed arca, Both
green and dead materlal were included in the
sample blomass. Samples wese dried at 60-70°C
for 2 days In a Jaboratory oven hefore weighing.
All reported blomass estimates are of dry weight.

1 conducted an independent experiment Inside
tlie exclosure during the same period 10 study the
effects of four levels of defoliation frequency on
shove-ground production. The effecis of defolin-
tion every 11, 22, 45 and 90 days on produciion
in 6 replicate plots weie compared to wndefolimed
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controls for one year, Plots of 0.5 m* were
arranged in a randomized block deslgn with
blocks aligned across a gentle slope, Biomass was
clipped with shears at ground level according to
the treatment schedule, then dried and welghed.
| examined the effect of defoliation treatments
on cumulative yield by one-way analysis of
variance. Orthogonal comparisons (Sokal and
Rohif 1981) of adjacent treatment means were
made at an error probability of P = 0.05. Post
hoc comparisons were evaluated by adjusting the
overall error probability P = 0.05 by the Bonfer-
roni procedure (Wilkinson 19R8) to account for
multiple comparisons. | fitied cumulative yield
of three clipping frequencies at each sampling
period (0 the model,

BDea®() —expi-b*T)

where B = cumulative biomass, T = Julian date,
and o, b, and ¢ arc model parameters, with the
Quasi-Newion nonlinear algorithm (Wilkinson
1988).

Results

Pasture composition

Chrysopogon aciculatus was the dominani grass
with 37% ground cover in the grazed ares,
followed by Cynodon dactylon (20%) eand
Imperata cylindrica (19%). No other specles
recosded more than 3% ground cover. Dead
biomass gave 16% cover and 4% was bare
ground. /. cylindrica grew 1o about 0.5 m height
and dominated the ungrazed erea inside the
exclosute within one year. A few formerly sup-
pressed Saccharum spontoneum plants (0.1/m’),
released from grazing inslde the exclosure, rapidly
grew (o 3-4 m helght within a year.

Production on grazed and ungrazed sites

Above-ground production. Annual production in
the ungrazed exclosure during the first year after
pratection was estimated by combined clipping
and scraplng as 17000 kg/ho, the difference
between Initlal April biomass and peak October
biomass (Figure 1). Clipped production alone was
13 400 kg/ha. Semples taken from November (o
March were excluded from the analysls because
of human intrusion during November. Annual
production on the grazed arca from Apiil to

-

October was 8700 kg/ha. Grazed and ungrazed
production both peaked durlng October,

After an autumn dormant season, production
resumed on grazed plots during January, when
mean daily t(emperature began to increase
{Lehmkuhl 1989). Total grazed production during
that time (Jan.-Apr.) was 1880 kg/ha, These data
indicated some production occurred from
January to April before the experiment had
begun, so a better, although speculalive, estimate
of annual production on grazed and ungrazed
sites would add 1880 kg/ha to yield 10 580 kg/ha
grazed production and 18 880 kg/ha ungrazed
production.

Consumption by livestock. Livestock density was
high on the 8 ha pasture. An average of 198 head
of livestock (25/ha) per day were found grazing
the pasture, wilth 8 maximum of 410 head counted
on one day. About 70% of the stock were cattle
and 12% were water buflalo. Stock were not kept
In the pasture all day, but were moved along a
daily grazing clrcuit, probably spending an hour
per day on the pasture.

The rate of blomass consumption by livestack
roughly paralleled grass production throughout
the year (Figure 1). Production and consumption
estimates in Figure | suggesied that livestock con-
sumed nearly all the annual production, which
is not 1o say that 100% of 1he standing biomass
was utilized. Rather, standing biomass remained
relatively constant while livestock removed new
production.

Defoliation response. Defollatlon by clipping
significamly depressed production of shoot
biomass (P = 0.001) (Figure 2). Orthogonal com-
parisons of adjacent treatment-pairs revealed a
significant difference only between the 45-day and
90-day defoliation regimes. Post ftoc comparison
of the combined 11-, 22 and 45-day treatments
apainst the 90-day treatment indicated a signifi-

. cant treatment effect (Bonferronl P <0.025) but

the 11- and 22-day treatments together were not
different from the 45-day treatment.

Biomass on the control plots should be slighily
highes than piciured In Flgure 2, A few cows got
into the exclosure for a few minutes one morn.
ing during September and ate grass from some
control plots, and villagers later removed a small
amoum of prass under cover of night as evidenced
by clipping. Control blomass could have been as
high as 18000 kg/ha based on production
estimated from immediately adjacent undisturbed

Pasture production and defoliotion in Nepal RS

{ ) L) 1

106001 O FENCED ]
- O Gnazen
£ 4 CONSUMED
£
e 12000 .
2
s
3
©
4
a
(-3
2 soo0}- -
B
a
€
=2
o

0 [ 2 | |
MAY AUG NOV FEB

Month
Figure 1. Annuat above-ground preduction and livestiock comumpiion on a native grazed pastuse, and
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village, Nepal, during 1986-87.

plots inside the exclosure (Figure 1). No other
plots were disturbed.

Production models were fitied for three cutting
schedules to estimate grass production for stall
feeding. Data from 11- and 22-day clipping
trealiments were nol significantly diffcrent, and
were pooled to estimate a model for a 2-week
cunting schedule. Curves were fitted for the 45-day

in an adjacem ungrazed exclosure on the Huttisar pasture near Sauviaba

and 90-day tresiments to esimate 7-weck and
13-weck cutting schedules. Although aial yicld
for the 45-day treatment was not significantly dif-
fecent from yickl from more {requent clipping
treatments, 1 fitted a model 10 these data to give
estimates of yield for an intermcdiate culting
schedule,

Residuab error was small, with modeds slighily
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underestimating production carly in the year and
during the summer (Figure 3). Production was
most sapid belween April and September for all
cutting schedules, Annuad yicld was on estimated
9400 kg/ha, 10440 kg/ha and 12970 kg/ha for
the 2.week, 7-week and 13.-week cotting
schedules. Estimates of annual yicld and yield
during cach cutting intcrval can be calculated with
the modl using the following coclficients: 2-week
schedule, a = 472.5,0 = 4.938 x 10-7, ¢ =
2.757; 7-week schedule, a = 524.5, b = 2.746
x 10-7, ¢ = 2.B76; 1)-week schedule, a =
650.6, b = 7.013 x 10-7, ¢ = 2,708, ‘

Diseussion

Compaosition

Composition of the pasure establishes it 2s a
disturbance phinse of the floodplain S. spon-
tanieum asseciation identified by Lehmbkuhl
(1989). The composition conforms somewhat 10 *
a disturbance phuse in the commonly cited suc-
cessional sequence far a heavily grazed S. spon-
sancum Noodplain avsociution  described by
Dabadghao and Shankarnarayun (1923; referred
10 as DS below). Under the DS scheme, undis-
serbed swards are dominated by 1all S, spon-
tancnm, with the shorier L evlindrice as an

understory species, Heavy cutting and grazing
result In the decline of S. spontanenm and
dominance of the more resisiant I, cylindrica.
Continued heavy grazing cventually leads 10
dominance by annual grasses. Protection from
grazing and cutting reverses the trend.

The change in pasture compasition with pro-
tection follows the DS sequence, but the paucity
of annuals deviates from DS, Annuals formed a
small pant of the pasture flora, which was
dominated by the grazing-resistam perennial C.
acicwlatus, Sampling and examination of heavily-
used wildlife grazing lawns inside the PPark and
pastures suggest that C. aclewlasus dominates sites
on secondary floodplain terraces with rich soils,
Similar sites on primary flondplains with sandy
solls more closely follow the DS scheme with a
diverse Mora of up to 20 species of annual and
perennial grasses (J.F. Lehmkubl, unpublished
datu). Preduction dynamics of pastures on secon-
dasy foodplains, such as the onc in this study,
would be a relatively poor model for under-
standing the production dynamics of most grazing
lawns, which occur mainly on primary floodplain.

Production

The difference In nnnual production between
grazed and wngiazed arcus appeured lusgely the

result of changes in composition with protection.
Protected plois were dominated by 0.5 m-1all 2.
cylindrica, whereas the grazed plots were a mix
of prostrate grasses and suppressed 2. cylindrica
and S. spontgnewm not more than 2 em wall.

The topography and soils at the site are similar
to other pasiures on secondary floodplains in the
area, 50 the results of this study should be
generally applicable o those pastures (but not
grazing lawns). Annual productlon of /. cylin-
drica measured by clipping inside the exclosure
after one year of protection (13 400 kg/ha) was
similar to production of another 1. cylindrica
sward 10 km distant in the Park that was pro-
tected from grazing (12000 kg/he) (Lehmkuhl
1989).

Defoliation

The defolirtion experiment indicated no grazing
optimisation (McNaughton 1979, 1986) or over-
compensation (Belsky 1986, 1987) of produciion.
Clipping, however, may not adequately simulate
the manifold effects of grazing: experimental
clipping has been shown 10 have a preater negative
effect on production than grazing (Stroud e7 al.
1985; Johnson and Parsons 1985). Nevertheless,
production experiments in the Park with pro-
tected /. cylindrica swards and swards grazed by
wild herbivores did not involve clipping and also
suggested undercompensation (Lehmkuhl 1989).
Also, different resulis may have been produced
using a longer clipping inlerval,

Grass cutting management

The defoliation experiment and model suggested
that geass cutting at 2.week intesvals yiclds
amounts of forage for livestock roughly equal to
that consumed by them during grazing. The
quality of 2-weekly cut forage should be similar
to grazed forage because phenolagy is similar and
compositional changes with short-tesm protection
would be sinall. However, stall feeding cut grass
could resull in higher livestock production pes
unit forage by elimination of the energetic costs
of grazing. Siall feeding would have the
additional benefit of retaining for crop fertiliza.

tion manure that would ordinarily be deposited

on pastures, but elimination of manure on
pastures may reduce production. Other potentiul
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problems with stal} feeding are the labour re-
quired to cut fodder daily for livestock, preven-
tion of unauthorized cutting, and the practicaki-
ty of keeping livestock out of fenced ascas.
However, grass cutting in fenced pastures o1 wew
fuelwood plantations has been successful in Chit-
wan during recent years, and Is considered a
primary tool for increasing local fodder supplies
(Sharma 1991).

The 7-week schedule would produce only o
nominal 10% increase in fosage above the 2.wech
schedule, but cutting every 13 wecks could pulen-
tielly psoduce 30% more forage than grazing.
However, the quality of 13-week cul forage is
lower than continuously grazed forage, and may
negate potential benefits of higher yield. Grazed
forage has an estisnated B0% more crude psotein
than 13-week old L. cylindrica (13.4% vs 7.3%),

* 47% more digestible cell solubles (28% vs 19%

by the detergent fibre technique), and 14% less
indigestible lignin (5.8% vs 6.7%) (E, Dinersicin,
unpublished data). However, crude protein of
13-weck old 1. cylindrica is above maintenance
levels of digestible crude protein for working
bullocks (6% for 600 kg animal) and [or
muintenance, pregnancy and laciation of caltle
and buffaloes (5% for 600 kg animal) (Renjhan
1980, pp. 256, 26Y). Rescarch on 1he inleractise
effects of forage yietd and quality on divestock
production should be an element of s1all-feeding
programs.

Fencing pastures for grass-culting would selease
suppressed S, spontancien, which would present
a psoblem for maximizing herbaceous fodder pro-
duction. The stomt woody culms of S. spon-
tancum are litle used by livestock other than
domestic clephants, and shading by tall culimy
would reduce the vigour and cover of more
palaiable prosirale grasses. S. spontanciiil,
however, does huve value as a dry scason foddes
before exiensive woody growth accuss, Regrowih
begins dusing January and shools are 15-30cm
tall in the Pack 3 months latcr during the hot dry
scason, when pasture biomass is Jow and exten-
sive cuiting of S. spontaneum by villagers
indicates its value as fodder. Lo addition to high
palasbility, new $. spontanctm foliage is highly
nutritious with abow 0% crude protein (L.
Dincrstein, unpublished data). Managemens of
some pastures of tree planistions for S, spon-
taneum could provide v good dry season fodder
source owtside the Park. '
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The seasonal trend of abundant blomass during
the summer and low avaitability dusing the winter
stiggests thal some forin of fodder conservation
is desirable. Making hay and silage are litfe proc.
tised in the subcontinent, but may have poten-
tial for Increasing fodder availability during the
dry season and maintaining healthy village
livestock (Ranjhan 1980; Pathak and Jaklunola
19R3).

These data are based on a case study and pro-
vide preliminary guidclines for managers. Several
years data on defoliation might show declines in
produciivity under heavy cutting schedules. Also,
these data probably do not sepresent the full range
of pasture productivity for the district, and should
be cautiously applicd 10 other slics outside the
Inunediale avea. Plans for pasture management
should include preliminary sampling and monitor-
ing of forage and livestoch production over
scveral years,
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