The effects of rainfall on water ond heat dynamics in the

fleece of sheep’

RESUAMO

Foram estudados sob condigies de laboratorio, os cfeitos da intensidade da
chura, tenipe de expoiicdo @ mesmd ¢ peso do velo sobre a grantidade d'dgua retida
pelo velo de ovinos. O peso d'dgia retida anmenton ripidamente em forma asintd-
lica A taxa de vetencio foi determinada pela intensidade da chuva Um modelo
nio linear foi proposto e ajustado aos dados experimentais, a fim de representar
ditas interacies E discutido o efeito da chuva sobve a taxa de peida de calor do

animal

Introduction

BANY enviromental factoss influence the energy
balance of free-living animals. Severzl of these
# have been discussed, among others, by Blaxter
(4} and Alexander (2) It is clear from their presen-
tation, that the effect of rainfall on the heat exchange
of domestic ruminants has been the least investigated of
these factors. In sheep, it was found that there was a
pronounced interaction between metabolic heat produc
tion and the effects of einfall, fleece length and air
temperature (13) Nevertheless, several additional pro-
blems relating to the heat exchange of sheep exposed
to rain may be distinguished, namely: what 15 the rate
of penetration by water in the fleece and factors affect-
ing it, the total quantity of water a given fleece retains,
how is the rate of heat exchange with the environment
affected by the presence of water and, lastly, what is
the dynamics of water and water vapour in the feece

An attempt was made to anwer some of these
questions through a limited number of experiments.
Also a series of proposals regarding the modelling of
the effects of rainfall on the heat expeaditure of sheep
is presented

Materials and methods

The experiments described here were conducted in
the laboratories of the Department of Animal Science,
University of California, Davis.

Four adult, full fleeced sheep of Targhee breeding,
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mean liveweight 57 3 & 2.6 kg, were used. Two ani-
mals (numbers 1 and 2) were crossbreds, and two (3
and 4) were straightbreds. The latter had dense fleeces,
while those of the crossbreds were open The sheep
were housed in 2 shed with an open froat. Prior to
each experiment, water and food were withheld for
48 h to minimize defecation and urinaton during the
experimental period. Also, three other sheep of Targhee
breeding with short fleeces were used to measure the
maximum water helding capacity of the fleece

Once every 10-15 days, each animal was exposed
for a period of one hour, to artificial sain produced
by a rain simufator (12). The rainfall simulator pro-
duced uniform drops whose size and terminal velocity
closely approximated those of natural sainfall. The in-
tensity of the rain was varied between succesive experi-
ments to cover the range of 577 to 1326 cn.h
Prior to each use, the simulator was calibrated by collect-
ing all the rainfall produced over a petiod of 5 minu-
tes. The water thus collected was measured volumetri-
cally.

Each animal was weighed at the start and after 5,
15, 30 and G0 minutes of exposure to rain. Before each
weighing, 4-5 minutes were allowed for drainage of
excess water, The weight of water retained was calcu-
lated by difference Four wool semples (one each from
the back, both sides and the belly) were carefully clip-
the same time intervals, and were dried for 24 h at 53
ped close to the skin from an arex of about 4 cm? at
C in an oven with forced air circulation

At the end of this series of experiments, an estimate
of the maximum water holding capacity of these four
sheep, together with three others, was obtained by tho-
roughly spraying the animals with a hose. The diffe-
rence between the weights before and after hosing was
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Tazble 1.—Water retained by the fleece in relation to time of exposure to, and intensity of, rainfall

Water retained
Time Istensity Animal
min ¢ h.t - g Ne
5 881 110,55 0 80 2
15 127.02 125
30 172 46 148
6o 171.89 152
5 12.62 147.92 1.14 et
13 169.79 159
30 176 23 182
60 290.30 193
5 742 §1.82 0.91 3
15 104,35 136
30 117.85 1.59
4l 160.66 170
5 3T 84.11 0.57 3
15 97.05 1.25
30 107 22 159
53 1537.18 2.16
b} 1326 77.13 0.48 5
15 145.66 136
30 202.20 204
52 161.80 2,04
5 683 71.70 091 4
15 10570 1.59
30 109.16 2.901
61 17290 2.84
5 1123 8213 1902 4
15 131.87 1.70
30 137 49 238
60 288.7t 295
3 6.22 58.51 068 1
15 80.40 1.14
30 88 74 1.48
60 138 83 170
5 7.42 £4.35 0.80 1
15 96.68 102
30 133.72 136
39 133 .88 1.59
5 10.87 120.05 0.91 1
13 153.28 1.59
30 146.12 2.04
55 148.50 2.04

P

The mean initial {zero time) content of water was 9 1750 69%%
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taken as the maximum amount of water retained in the
fleece. The animals were shorn and the weight of the
fleece recorded after completion of all the determina-
tions.

The results were analyred by standard statistical
analysis and by non-linear least squares For the latter,
a computer program based on the algerithm of Nelder
and Mead (13) was used. Also, a tentative mathema-
tical model was developed to simulate the effects of
rainfall on heat conductivity, water evaporation and
heat removal from the fleece

Results and discussion

The results of the experiments made under simula-
ted rainfall are summarized in Table 1 They show a
clear pattern of a rapid initial increase in the amount
of water retained, which then approaches an asymptotic
value The figures for water percentage in the fleece
consistently overestimated the amount actually contained
The discrepancy was probably due to the arithmetic
mean not weighing correctly the contribution of the
four sites sampled.

To represent the experimental observations, the
following model was proposed and fitted to the data,

Y = (1 — b exp (~e TIME) ) [1

where Y represents the actual weight or the percentage
of water retained, TIME is the length (minutes) of
the exposure to rain, and the letters "a”, "b" and "e¢”
are parameters. It was further assumed that the rate
constant “e”’, in equation {17, is a linear function of
the intensity of the rainfall (INSITY, cmh-t} as

follows,
e = ¢ 4+ d INSITY [2]

The above model was separately fitted to the pooled
data of animals 1, 2 and 3 whose fleeces were much
less compact than that of the fourth. The two groups
are identified as Topen’ and “closed” respectively
The values of the parameters are listed in Table 2.
No statistics are included in Table 2 for the para-
meters because convergence was peor when the “jack-
nife” technique (11) was applied to the data

Table 2.—Value of the parameters of equation {1}

KE

Y= 0.383% + 1.416 X
r= 0.996 {P<0.001)

Weight of water retained,
b

T

1 F 3 it

w4

Fleece weight., kg

Fig 1 —Waster refention in sheep’s coats. In relation to fleece weight

The asymptotic parameter "a"” in equation [17}
appears to depend heavily on the type of fleece in-
volved. In an attempt to identify the factors affecting
this asymptotic water-holding capacitiy of the [leece,
maximum weight of water retained by the coat was
plotted against fleece weight. The fit in Figure 1 is
unexpectedly good, and application of the equation
to the range of fleece weights available, 091 to 473
kg, indicated that water holding capacity is 184-150
per cent of the corresponding fieece weights. The close
relationship between fleece and water weights strongly
suggests that between-animals differences should be
accounted for not in terms of the apparent compact-
ness of the fleece, but rather in ‘terms of fleece
weight. Therefore, model [1] was fitted to all the

Parameters
Group Dependent Varinhle
a b < d
Closed "Water weight 4452 0.799 0001482 0001501
Water ¢4 406.61 6770 —0 004174 0001589
Open Water weight 2894 0.731 —0.002204 G 001888
Water ¢ 220.76 0 630 —0.02580 0.0005355
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data, substituting the paramster “a” with a linear func-
tion of fleece weight (FLEWGT, kg) as follows:

Y= (a, 4 a, FLEWGT) (1 — a, exp ( (8, + &,
INSITY Y TIME) {31

The model was fitted to the data, and the jacknife
technique was used to calculate the statistics of the
parameters. 1t was then observed that the parameter
a, did not differ significantly from zero. It was there-
fore droped frem equation [37], and the modified
model was e-fitted to the data. The resulting para-
meter values and their standard errors are shown in

Table 3.

The above data and equations allow for the estima-
tion of the amount of water retained in the fleece as
a function of the intensity and duration of rainfall,
and the weight of the coat This in turn, can be used
to estimate the effect of rain on the heat exchange
of the animal with the surrounding environment, and
its impact on the rates of metabolic heat production,
if some futther considerations are made In effect
a comprehensive treatment of these aspects should
at least include the alteration in heat conductivity of
the fleece, brought about by the presence of water,
the processes of water evaporation and water vapour
movement across the coat and the partition, and sources
of heat required for drying the coat.

Although the change in heat conductivity of wool
fibers when wet, has not been demonstrated explicitly
in live animals, it is reasonable to assume that this is
the case, as the thermal conductivity of water (6) is
several orders of magnitude larger than that of the
fleece (3). Thus, to calculate the thermal conductivity
of the fiber-air-water assembly, an average of the con-
ductivities of the components, weighted by their res-
pective volumes, could be used as suggested by Hollies
and Bogaty (9) Nevertheless, it should be realized
that conductivity s also a function of air temperaturc
and fleece length (16, 17).

The second aspect that needs to be considered is
the rate of water vapour movement accoss the fleece
and the sources of heat for vaporization. Contradictory
views have been expreseed as to the source of heat
(7, 8, 10) but the experimental evidence provided
by Alexander (1) suggests that both the atmosphere
and the animal body contribute to the heat required
for vaporization ‘The main untesolved problem in
succesfully modelling these processes, resides in par-
titioning the extent to which the skin and the surround-
ing atmosphere contribute heat, and determining the
variables (eg. air speed and temperature) that alter
the above partition.

With only one exception, the movement of water
vapour across the ficece has not been studied experi-
mentally Cena and Monteith (5) measured in ritvo,
and still air, the difussion resistance for water vapour
in the fleece, as a function of fleece length, and
showed an asymptotic relationship between both va-
riables. Using their data (read off their Figute 3},
the following equation was derived:

Table 3 -Value of the parameters™ and their standard
erfor, in equation {3]

Parameters

at al a3 ot
1.408 0.211 07962 —0 00556
00145 00048 =0.00259 £0 0000939

s Rounded-off as suggested by Norton {14)

RV = 297313 (1 — exp (~00199
FLELEN) [4]

where RV is diffusion resistance, in secm~, and
FLELEN is flecce length in mm. Although the fit is
extremely good, use of equation {4} is limited by the
fact it does not account for the effect of variable air
speed In this respect, evaporation follows faws iden-
tical to those governing convection (10). Thus, both
convection and evaporation are proportional fo the
Reynolds number, and in consequence the convection
cosfficient and the coefficient of mass {water vapour)
teansfer (ie the inverse of RV )hold a constant ratio
to each other regardless of air speed (10) This pro-
blem was investigated by calculating the convection
coefficient HC from information readily generated
from an existing model (16) The ratio of HC to the
diffusion coefficient HD (inverse of RV, from (4y)
was found to be related to fleece length as follows:

HC/HD = 03558 + 0.01964 PLELEN [s1
I = 094 (P<0.05)

Thus, the above set of formulae and concepts could
be used to model the heat balance of a set fleece The
calculations involved thereafter have been extensively
discussed by Cena and Monteith (5} and are not
further described here Their application is being
currently investigated
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Abstract

The effects of simulated rainfall intensity, length
of exposure to rainfall and fleece weight on the
amount of water retained in the fleece of live sheep,
was investigated under laboratory conditions. The
weight of water retained increased rapidly towards =z
platean. The rate of water retention depended on ain-
fall intensity. A non-linear model was proposed and
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fitted to the data to represent the above interrelation-
ships. The effect of rainfall on the rate of heat loss
is discussed.

Revwmen

TFueron estudindos en condiciones de laberatorio.
los efectos de n intensidad de [luvia, tiempo de ex-
posicion a la misma y peso del vellon sobre la can-
tidad de agua retenida por el vellén de ovines. El peso
del apua retenida aumentd ripidamente en  forma
asintdtica. Ia tase de retencion  fue  determinada
por la intensidad de la Iluvia. Un modelo no lineal
fue desarrollado y ajustado a los datos experimentales,
a fin de représentar dichas interacciones. Es discuti-
do el efecto de la luvia sobre la tasa de pérdida de
calor del animal
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estas manichras no scan suficientes, cuando la produccion de
petrdleo pase su pico en los novecientos noventa y los pre-
cios aceleren su alza? la respuesta complaciente es que los
combustibles alternos  {cspecialmente nucleares) aliviarin la
presidn schre Jos Lidrocarburos y sacarian de apuros a la in-
dustriz quimica El punto de vista alarmistz es que la indus-
trin quimica quedari en el aire porgue sus costosas fabricas
consumidoras de petrdles no tendrin ya materins primas para
funcionar

cHidrocarburos o carbobidraros ?

Ninguna de estas dos opiniones es correcta, pues una in-
dustria cuya razdn de ser es la conversidn de elementos na-
turales, debe ser capaz de buscar nuevas materias primas Mds
precisamente, tendriz gue regresar a la quimica que abandoné
hace 40 o 50 afios Porque el future encierra dos esperanzas,
una verde, ¥a otra negra. Los quimicos se dedicaren a hacer
productos quimicos orgdnicos a partir del petedleo y del pas
dehido a que era mas ficil de manipular que e} carbdn. Ahora
ticnen que encontrar los medios de hacer que e} carbén les
sea tan 0t} come los wsurpedores. Fso es la esperanze nepra,
como fa llama The Economisr {Survey “Chemicals”, 7 de abril
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de 1979) 1la esperanza verde consiste en fabricar productos
quimicos de “biomasa”, esto es, de materia vegetal El uso
amplio de Ia tecnologin de la fermentacidn (con o sin desti-
lacién subsiguiente) se apagd con ln Hegadn del petrdleo,
como se apagd también la tecnologia de la destilacion de Iz
huila y otros procesos de transformacién del carhdn

La preocupacion debe ser sifa industria ha penszdo lo su-
ficiente sobre los cambios necesarios para desarroliar la efi-
ciente convessién de carbén y de biomasa para producir lz
gran diversidad de preductos petroquimicos.

Hay una variedad de maneras de trabajar con carbén, pero
gn realidad todos son de dos categorias, pasificacidn y licue-
faccion. Al mezclar vapor de agua y oxigeno con carbon, se
produce gas de sintesis, una mezcla de moadxido de carbono
e hidsdgeno A partir de esto, la quimica convencional puede
obtener metaaol, ctanol y etileno, o siguiendo otra ruta, for-
maidehido o fcido acético. Otro cambio pequeiio permite pro-
ducir mds hidrégeno para hacer amonio, El proceso Fischer-
Tropsch usa cataliticos metdlicos para convertir el gas en ole
finas, parafinas y alcoholes. Otra tecnologfa mis reciente traba-
ja con metancl obtenido del gas de sintesis para reconstruir
hidrocarburos. Pero la gasificacion del carbén, aungue por el
momento es lz mejor forma de obtener productos quimicos del
carbén, en realidad es un proceso tosco, ya que significa rom-
per moléculas complicadas y despuds volver a ensamblar las
moléculas simpies de monéxido de carbono y de hidrdpeno en
otro conjunto de moléculas complicadas

La licwefaccion del cachdn es una alternativa, pero real-
mente implica hacer del carhon alge parecido al petrdleo antes
de comenzar las operaciones que ahera empiczan sin esa con.
versién, Asi habrd gue esperar una alza dristica en el precio
del petréleo, comparado con el del carbdn, antes de que sea
comercialmente importante. A pesar de este, algunos proyec-
108 piloto gue se han iniciade podrian disminuir el costo de
este proceso de pretratamiento.

Un enfoque totalmente diferente pari convertir el carbén
seria In pirolisis descomponiéndolo al calentario ea ausenciz de
oxigeno. El producto final de esta carbonizacidn es el coque,
pero rinde ademds suficiente pas, liquidos y alquitranes como
para interesar a fa industriz quimica, especialmente si se liga
al uwso del coque por lu industria del hierro y acero. Una
variznte de fa pirolisis &5 la hidropirolisis en fa que se mez-
cla carbdn con hidrégeno bajo alta presion para produciz me-
tanol, aromdticos, alquitrdn y coque. Lo interesante de ln
hidropirolisis ¢s que podria también usarse para copvertir
llantas viejas, madera y basura wrbana, con o sin emplear el
carbon.

De vegetales a sutbaniias quimicas

Ia materin vepetal puede también ser calentada, sometida
a presidn, o convertida por bacterias para producir materias
primas para las industrias quimicas, en forma liquida, solida
o paseosi Los productos resuitantes se pueden usar también
como combustible En el momento actual, el trabajo prictico
més avanzado sobre este proceso se estd efectuando en Brasit
(CE Tursialba 29: 20} Brasil tiene grandes cantidades de azi-
car pero no suficiente cantidad de petréleo o gas En 1973,
el gobierno produjo un plan nacional de alcohol para subsidiar
fa produccién de etanol de cafia de azlicar, yuca y otros cul-
tivos. Por el momento, ¢l ¢tano producide del azicar a través
del etanol no es competitive, pero los brasilefios piensan que
lo serd en la mitad de jos novecientos ochenta. Para 1982-83,
Brasil estard produciendo unos 3,7 mil millones de litros de
alcohol (Ia produccion en 1977 fue de 1,38 mil millones de
litros) a partir de biomasa, después de una inversidn total de
mil millones de délases. Para 1985, se espera que la produc-
cién llegue 2 6 mil millones de litros. EI uso mis grande del
etanol asi obtenido es en la actuaiidad para ser mezclado con
pasoling para disminuir el consumo de petréleo. Pero una
proporcién ereciente del producto se estd usando como mate-
ria primz para la industria petroquimica,

Al otro extremo de lz industriz azucarers, la firma britd-
nica Tate and Lyle ha comenzado una plantz en Liverpocl que
usa agicar parg producir productos petroquimicos. La firma
estd pensando en los mercados inmediatos v en acumular expe-
tiencia en esta tecnologia,

Uno de ios problemas ab trabajar a partir de cultivos como
el azdcar es estar seguro de que scan lo suficientemente exten-
sos como para abastecer los usos alimenticios e industriales
Se ha estimado que el Brasil podria cntre otras cosas, nece-
sitar aumentar sus rendimientos de azGear y yuca diex veces
para tener una industria quimica viable basada en ellos. Eso
en si mismo presenta un reto a la industria quimica En pri-
mer lugar, significa aplicar insecticidas, herbicidas y otras sus-
tancins para producir cosechas mayores A largo plazo, signi-
fica el uso de bacterins especinlmente seleccionadas para con-
sepuir mis nroductos de la Fermentacién de una cantidad dada
de biomasa (Cf Twrrialbae 29:174) 1Lz industria petrogui-
mica convencional tiene poar lo menos upa década antes de
que tenga que buscar seriamente nuevas materias primas
Mis allz de esto, la industria estard compitiendo ea un mer-
cado tenso con usuarios de combustibles de petrdleo v gas
Solo el uso masivo de la energin nuclear aliviard esa presidn.
La industria guimica puede también recurrir a las esperanzas
verde y negra. Pero cstas serdn valiosas para combustibles si
In energia nuclear falla

Aumentaudo la eficiencia de la fermentacidn aleohdlica

Investigadores brasilefios estdn tratando de mejorar ¢l mé-
todo de producir zlcohol por fermentacidn del aziear Han ob-
tenide cepas mutantes de levadurz que hacen mds eficiente
el proceso (New Seiemtist 10 de mayo de 1979, p. 445} La
preocupacion de los brasilefios no es producic behidas ripida
y eficientemente: mds bien, cada vez consideran mds al alco-
hol como sustituto de la pasolina, preparindose ast para es-
caseces de petréleo

Toda k gasolina distribuida en la encrme drea urbana de
Sao Paulo contiens ya 2¢ por ciente de alcohol, y la compa-
Aia municipal de teléfonos y telecomunicaciones tiene una
flota de vehiculos motorizados que operan con alcohol puro.
Grandes dreas de tierras agricolas se estin reservando para
cafia de azdcar y yuca para proveer la materia prima para la
fermentacion (CF Turrialba 27, 226)

Metry Bacila vy Jorge Horif, de la Universidad de Sio
Paulp, han producido los mutantes exponiendo levaduras
“tipo sifvestre” ordinarias a ciertos agentes quimicos, tales
como el tinte acriflaving o al deterpente sulfato dodecil de
sodio. Estas indujeron una mutacidn permanente del DINA mi.
tocondrial de manera que una enzima clave, la citrocomoe oxi-
dasa, va no es sintetizada Los mitocondrios son inhibidos de
Hevar o cabo su funcion normal de sgente oxidante, y esto
zumenta el porcentaje que fermenta hacia el alcohol Los
investigadores mostraron que para la misma cantidad de azd-
car consurnida en la fermentacién, los mutantes produjeron
dos vecgs méds alcohol que las células normales, aunque cre-
cieron mucho mds lentamente

Publicaciones

Agricnltnra Téenica en México El Instituto Nacional de
Investigaciones Agricolas (INIA) de México ha puesto en
circulacidn el nimero 1 del volumen 4 de la revista Agrical-
ture Téenica en México, que habin dejado de aparecer desde
medizdos de 1976. El presente nimero, gue ha sido distri-
buido en febrero de 1979, cubre el periodo que va de julio
de 1976 a diciembre de 1977; ¢l nimero 2 cubrird el periodo
de enerc a diciembre de 1978 y se anuncia que a partir de
1979 no habri retrasos pues las autoridades del INIA han
puesto su empefo en la regularizacién y mejoramiento de Ja re-
vista, Le deseamos a esta revista que tenga éxito en su nueva
época v deje atris la vida accidentada que ha tenido: tiene
ya 23 afios pero sélo 4 voltmenes (el vol. 3 comprende de
1970 2 19768). La revista aparece con un nuevo formato y
con varias innovacienes; el flamante nOmere, de 12t pdginas,
contiene 9 articulos de investigacidn que tratan de experimen.
tos sobre slpodén, maiz, cocotero, uguacate, crtamo, frijol 3
sorgo. Bl director sigue siendo Ruben Hermesdosf





