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Abstract 

A study was conducted to determine the micromineral status of cat.tle in 
s¿u important cattle-producing regions of Nicaragua. A total of 14 farms within 
six regions during the wet season and eightfarms within two regions duririg the 
dry season were evaluated. States in each region were: 1 (Esteli), 11 (Leon and 
Chinandega), 111 (RlIanagua). ni (Granada and Rivas), V (Boaco ancl Chont ales), 
and VI (Matagalpa ancl Jinotega). On each farm, 14 composite soil and f ~ a g e  
samples and 30 blood samples (lactating cows, heifers and calves) were collected 
and analyzedfor micromineral concentrations. Soil Mn was nifferent (P c .05) 
among regions in the wet season. Soil Cu was higher (P < .05) and Mn aiid Zn 
lower (P < .05) in the wet season. Region 111 showed the highest frequency 3f soil 
samples deficient in Fe (< 2.5 ppm), Cu (c 0.3 ppm) and Zn (< 2.5 ppm) in the wet 
season. In the dry season, soil Cu and Fe deficient sarnples were higher in region 
IV. Forage Cu (< 8 ppm). Zn (< 30 ppm) and Co (< 0.1 ppm) deficient sarnples 
were close to 100 %, indicating that  supplementation of these micromir erals 
may be needed across al1 regions. Forage Mn was higher (P < .05) in region V 
than in other regions, except for region 11. Percentage of samples below the criti- 
cal leve1 (< 40 ppm) ranged from 24 to 100 % in the wet seasoii and 86 and 17 % 
for regions TV and IT, respectively, in the &y season. Forage samples deficilmt in 
Se (< 0.2 ppm) were less than 50 % among regions, except for region V in tkie dry 
season (87 %). Percentagc: of forage Se and Zn samples were lower and higher, 
respectively, in the wet season. No differences among regions and animal classes 
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were found in serum Cu and Zn. Serum Se was lower (P < .05) in calves tlian 
heifers in the dry season. I'ercentage of serum samples deficient in Se (c 4 pg/ 
100 mL) ranged from 13 to 93 % in thc wet season. Serum Cu (-= 50 pgI100 rnL) 
deficient samples ranged £rom O to 43% in the wet season. Region IV showed the 
highest frequency of serum Zn (-= 60 pgI100 mL) deficient samples (50 %). 
Key words: Cattle, Nicaragua, microminerals, forrages, soil. 

Resumen 

Este estudio fue conducido para determinar el nivel de microminerales de 
ganado bovino en seis regiones ganaderas de Nicaragua. Se evaluó un total de 14 
fincas en seis regiones durante la época lluviosa y un total de ocho fincas en dos 
regiones durante la época seca. Las regiones comprendieron los siguieiites 
departamentos: 1 (Esteli), 11 (Leon y Chinandega), 111 (Managua), IV (Granada y 
Rivas), V (Roaco y Chontales), y VI (Matagalpa y Jinotega). I>e cada finca se 
obtuvieron 14muestras de suelo y de forrajes, y 30 muestras de sangre de gariado 
vacuno (vacas lactantes, novillas y becerros) para determinar el contenido cie 
microminerales. La concentración de Mn en el suelo varió (1' < .05) entrc? las 
regiones durante la época lluviosa. La concentración de Cu fue más alta (P < .05) 
y las de Mn y Zn mCls bajas (P < .OS) durante la Epoca lluviosa en toda:j las 
regiones. La región 111 tuvo el más alto porcentaje de muestras de suelo deficie ntes 
en Fe (< 2.5 pprn), Cu (< 0.3 ppm) y Zn (< 2.5 ppm) durante 1:i época lluviosa; 
durante la época seca, las muest,ras de suelo deficientes en Fe y Cu fueron niás 
altas en la región IV. El porcentaje de muestras de forrajes deficientes en CL. (< 8 
pprn), Zn (< 30 ppm) y Co (< 0.1 ppm) fue de casi 100 % en las seis regionc!~. lo 
cual demuestra la necesidad de suplementar estos microminerales. La 
concentración de Mn en el forraje fue más alta (P < .05) en la región V que en las 
demás regiones, a excepción de lii región 11. El porcentaje de muestras de forrajes 
por debajo del nivel crítico (-= 40 ppm) fluctuó entre 24 y 100 % durante la 6ptxa 
lluviosa, y durante la época seca fue de 86 % y 17 % en las regiones IV y V, 
respectivamente. El porcentaje de muestras de forrajes deficientes en Se (< 0.2 
ppm) fue de menos de un 50 % entre las regiones durante la época seca, excepto 
en la región V (87 %). Durante la época lluviosa, el porcentaje de muestr2.r de 
forrajes deficientes en Se y Zn fue mAs alto y m8s bajo, respectivaniente, que en 
la época seca. Durante la época iluviosa, no se encontró efecto de región ni de 
clase de animal en la concentración de Cu y Zn en el suero sanguineo. Durante la 
época seca, la concentraci6n de Se en el suero sanguíneo fue mfis baja (P < .05) en 
los becerros que en las nwillas. Durante la época lluviosa, el porcen taje de muestras 
de suero sanguíneo deficientes en Se (< 4 pg1100 mL) fluctuó entre 13 y 93 0/ó, y el 
de las muestras de suero sanguineo deficientes en Cu (< 50 pgI100 mL) fll~ctuó 
entre O y 43 %. La región IV tuvo el mCls alto porcentaje cle muestras (50 %) de 
suero scanguíneo deficientes en Zn (< 60 pgI100 mL). 
Palabras claves: Ganado, Nicaragua, microminerales, forraje, suelo. 
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Introduction 

Poor animal performance and re- 
productive ~)roblenis in livestock are  
associated with microminer:il deficien- 
cies (39). Tho concentration of trace el- 
ciments in plants is influenced by soil 
genesis, fertilizer pr:ictices :ind plan t. 
factors such as  plant species and stage 
of maturity. As soil pH rises. the avail- 
:ibility of Mo and  Se for t.he plant in- 
creases. However. the availability of 
Fe, Mn, Zn, Cu and  Codecroases (18). 
Poor soil drainage antl aeration in- 
creases the ;ivailability ancl uptake of 
Cu, Co, Fe and  Mn by plants (1  1:). As 
plants mature, niineral conrcntra1.ions 
decline clue to a nat,ural dilution pro- 
cess and  translocation of nut,rients to 
the root system (18). 

In  t ropical  regions of 1,atin 
Aniericn, graxing ci~tt.l(? of't.en (lo not 
receive mineral supl)lemerit,s, escept 
from common salt. McDowc:11(17) rec- 

ommended a free-choice coniplete niin- 
eral mixture as  a n  i n ~ u r a n c e  for Ibro- 
viciuig minerals where the dietary con- 
centrations a r e  unknown or highly 
variable due  to season, location, for- 
age species. and  aninial potential. [ t  
is import,mt to determine mineral c.on- 
centrations of soils, forages and  ;mi- 
nial tissues to estim;i.te the minora1 
needs of grazing ruminants ,  a s  well 
a s  the time of the year when they a r e  
most required. 

The purpose of t,liis study was to 
evaluate the mineral status of se1ec:ted 
cattle-producing regioiis of Nicaragua. 
The present art,icle d6:scribes the  mi- 
croelement s tatus of soils. plants ;ind 
animals cluring the \vc:t season (1991) 
and ciry season (1992). while the ctlni- 
panion article (43) tl(3iilt. wi1.h macro- 
rninerals and forage organic constitu- 
ents. 

Materials and methods 

Location. A total of 14 farms lo- 
cated within s is  regions tluring the wet 
season (July and  August, 1991) antl 
eight farms within two regions dur-  
ing the &y season (March, 1992) were 
sampled. Sttites in each region \vere: 1 
(Esteli), 11 (Leon ancl Chinaridega). 111 
(Mana-gua). IV (Gran:i(la ancl Kivas), 
V (Boaco a n d  Chontales).  antl VI 
(Matagalpa tind Jinotega). Id'or t,he two 
most important cattle-producing re- 
gions, the  same farnis were selected 
for both the wet and  dry seasons. In 
the wet season, samples wei-e coiiected 
from one farm in regions 1 and 111% two 
in regions J I  and  Vi. threc in region 

IV. ancl five in region \T. During the 
dry season, samples were coller ted 
from three farms in reqion JV and  five 
in region V. Season coiiiparisons u ere 
only niade for regions IV and  V. 

Sample collection and anrtly- 
ses. Coniposite forage :ind soil sam1,les 
were collectecl at. 14 sites on each fzirrn 
tluring both seasons. Each compojite 
soil sample was derived from three 
subsamples taken a t a  depth of 20 cm 
a s  clescribed by Sánchez (33). Forage 
samples from the major species from 
each farm (Peri.rl.i.setu rn purpurerlm, 
Cyri.odor~pectos~ciiyrrnr, Ar~dropgqon 
gayan.us, Pari.icuni rrlaxirr~~rrn, 
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Hyprrrrltcrticr rufo) wcrc: collected. Not 
al1 forago species wcrc coll(?ctecl from 
every farni. On  eíich fa I-m, Lilootl 
saniples wore collectetl from 30 nni- 
mals (niainly crossbrecl Zel~u x Drown 
Swiss or  Zebu x Holst.ein) in different 
~)hysiological states (10 lact ating cows. 
10 heifers. :ind 10 siickling calves) for 
bot,h sensons. JJnctating cows rangetl 
in ngc froni 3 (.o O years, ;ind heifers 
froni 1 to 3 years. Sucklirig calves of 
both sexes were sanipled ;iccortling to 
avtiilability. Hlootl sanil,los were col- 
lcctetl by jugular puncture in vacu- 
tainers (10 ml,). Seruni sarny,les were 
deproteinized with 10 % ti-ichloroace- 
tic acitl and 1 % LaC13. 

Soil estríict,nblc (Zu. Fe, Mn and 
Zn were clet.erminet1 by lnductively 
C'.oupled Argon Plasma ( 1  5). Foragc 
and seruni (:u, Fe. :intl Zn. ancl forago 
Mn were dcterniine(1 I)y flnme íitoniic 
nbsorption sl~ectro1)hot.onlctry (28). 
F'ornge Co w:is cletei-niinncl by f1;imc- 
less ntomic absorption spc~ctrophotoni- 
ctry (29). Seruni ;incl forage S(? were 
tleterminccl fluoromctt riciilly (46). 

Data from eiich season werc sta- 
t.ist.ically nnalyzed separalely using a 
rnisetl. ncsted clesign model by the 
General Lineíir Motlel prtxedure (35). 

Results and 

Soil analyses. .4vc:r;1ge ~ o i l  rs- 
t.ract.:iblc Cu in the wet uncl dry sea- 
sons clitl not vary nmong rcgions (table 
1). CVhen comparing seasons in regions 
IV and  V (table 2). soil Cu was higher 
(P -- .05) in the  wet season. Copper 
availability to plants secms to be af- 
fecteri by soil pH. Aubert and Pinta (2) 
and  Sanders and  Bloornfielcl(34) sitg- 

Fnrni was consideretl a random vari- 
able nested within rcgions. Cornpari- 
sons between season3 were testedfor 
soil and  forage data for regions I\ and  
V. Differences aniong classes of ani-  
m a l ~  were tested using the  foiloving 
orthogonal c0ntrast.s: lactating cows 
(2) vs heifers (- 1) and calves (- 1) a n d  
heifers (- 1) vs calves (1). Differences 
among regions were tested using t-test. 

Soil, forage and  serum mineral 
concentrations were compared 1.0 es- 
tablished critical values to determine 
percentage of deficient samples The  
critical leve1 for soiLs indicates the ele- 
ment conccntration below whick. nor- 
mal growth and(or) mineral corr posi- 
tion of grasses rnay be adversely af- 
fectecl. For forage samples, i t  indcates 
t,he lowest requiremont of the element 
or  organic constituont to avoid defi- 
ciency signs in cattle. Serum critical 
IcveLs indicate the concentration below 
which speclfic signs of deficiency may 
occur. Interpretation of these crit,ical 
values should be done with caution, 
taking into considoration the many 
management, nut.ritionai, environ- 
niental íind individiial factors tliat af- 
fect the nvailability, supply ancl utili- 
zation of each nutrient (3 1). 

discussion 

gested that availablr! Cu decreast!~ with 
increasing pH. Soil pH of region IV 
\vas higher than region V (table 3), 
which may have lead to a n  incrcase in 
Cu adhered to soil component:, a n d  a 
decrease in Cu in soil solution a s  cu- 
pric ions, which is the nvailable form 
for plants. Soil Cu availabilitjr is re- 
lated to soil OM. Kabata-Pendas a n d  



Table 1. Soil micromineral concentrations as related to regions and seasons (dry basis). 

Wet Season Dry Season 

1 11 111 IV V VI IV v 
Element CLa nb=14 n=28 n=14 n=42 n=7O n=24 n=42 n=7O m 
Cu, ppm (0.3f Mean 0.56 1.74 0.72 0.80 2.20 0.79 O 13 1.80 7 

SE 1.01 0.71 1.01 0.58 0.45 0.78 0.46 0.36 al 
? 

%Def 29 11 36 2 1 I 2 43 20 b F 

<2.5g hllean 10.3 13.5 2.2 5.6 26.5 12.5 4.5 25.2 
7 
? 

SE 11.0 7.8 11.1 6.4 4.9 8.6 7.2 5.6 '? 
%Def 7 14 93 24 7 17 24 3 c 

N 
V 

Fe, ppm 

hln, ppm < 5f Mean 38.5hi 15.8i 23.71 36.8i 61.0h 40.7hi 62.3 95.1 
SE 14.5 10.3 14.9 8.4 6.5 11.3 18.2 14.1 
%Def O 11 O 2 O O O 1 

Zn. ppm 

a. Critica1 level. b. Numher of observations. c. Lenst square mcan. d. Standard error of the  lsast squnre mean. e. Percentage of samples 
belon tho  critica1 level. f. Rhue and Icidder (30). g. I'iets and Lindsay (43). h,i. Menns among regions during the Ivet season in a row \\.ith 
different superscripts diffcr (P < .05). 
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T a b l e  2. Seasonal effect  o n  soi l  mic romine ra l  concen t r a t ions  f o r  re- 
g ions  IV a n d  V (d ry  basis). 

~.~ - . ~-. . - 

LVet. sc:ison 199 1 Dry scnson 10!)2 

Cu,ppm < 0 . 3 e  1.49* 0.08 12 1.11 0.08 :!O 
Fe, ppm < 2.5f 16.1 1.78 13 14.8 1.78 1 
Mn, ppm < 5e 49.4** 5.5 1 78.7 5.5  1 
Zn, ppm < 0 . P  l.$%* O. 17 4 2.73 0. 17 1 

R .  Critica1 level. h. Lerist squiire rnenn from 112 snmplcs from rcgions IV~in( l \ '  inboth scsyons. 
c. Standard error of the least sqitnrc menn. d.  Percentogc of s>implr.; kir'lo\i thri crit icitl 16 vc.1. 
e .  Rhue nnd Iíiddrr (30). f. Vicits ;ind I,iii(lsny (43).  * Wet vs tlry d i f f ~ r  (I' < 0 5 ) .  ** Wet v: <!m 
diffrir (P c .O 1). 

Pendias (16) reportecl that (:u bincling 
capacity of any  soil and Cu solubility 
a r e  highly dependent to thc aniount 
and kind of OM present,. In t his study, 
OM was lower (F' -= ,001) in the clry 
season than in the wet season (table 
4), raising a possible expliination of 
lower soil Cu concentrations found 
during the dry season. F'ast rana ct al. 
(27) and  McDowell e& a l .  ( 2  1) found 
similar results when comparing soil 
Cu concentrations during the wet ancl 
&-y seasons in Colombia antl Venezue- 
la, respectively. Percentnge ofdeficient 
soil Cu samples among regions v:iried 
from 2 to 36 % in the wet scason, and  
was 43 and  20 % for regions IV and V, 
respectively, in the  dry season. A 
higher percentage ofsoil Cu deficient 
samples was found in the tlry season 
(29%) vs the wet season (1 2%) fnr re- 
gions IV and V. These resul t s are 3imi- 
lar to t,hose founcl by Tejada el. al. (38) 
in Guatemala. 

Mean soil extract:ibh! Fe (lid not 
v-, (P >.  1) among regions cluring the 
wet and  dry seasons. No clifferences 
were found between seawns for reyions 

I\'ancl V. Although I ? ( r  conc rn t r ;~~  ion 
in soils seemetl 1.0 bc tliffcrent a m m g  
regions during t.he wcic scason, its con- 
centration varietl \vitlaly among 2nd 
within fa rms,  and  likely a larger  
sample size to tletect any tliffercrices 
is requirecl. Pcrcent :tge of deficient 
samples amonK regions, nccording to 
thc critica1 lcvel of 2.5 I)pm (44), 
ranged frorn 4 t o $13 O(l tluring t.he wet 
season, antl was 24 :in cl3 % for regions 
IVand V. rcspectivcl>.. during the tlry 
scason. Simil:ir perc:cnt.agcs ntere 
founcl when com1)aring both scn:;ons 
for regions IV iin(l\'. Tron nvailability 
to plants is highly tl(lpcntlent on soil 
pH. Iiabata-Pendias ;intl Pcntlias ( 1  6) 
indicat,ed that a s  soil ptl incrcíiscs. t hc 
availability of Fc to 1)I;ints dccrei sos. 
Iron in its reducetlform (Fez+) is ziail- 
ablc t,o thc plnnt.. As pH decrc;sos, 
more Fe:j+ is reducetl to Fez+; t.hus Fe 
becomes more :ivail:iblc in ;icid soils. 
When comparing thc soil pT-1 of rcyion 
IV and  V during thci (Iry senson. rc- 
gion V had lower (P < .0l) valiies I han 
region IV, which coiiltl hnve lcatl to ii 
higher availability of' Fe in soil cifre- 
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Table 4. Seasonal effect on soil minerals, OM and pH for regions IV and 
V (dry basis). 

- - - -- - - - - - .-- -- - - -- 
Wcat scasoii (1 991) Dry s<.:ison (1992) 

- - - -- p. -- 

Element C b  Mcanb SICc % Defd Mcan SE % Def 
-- - - - - -- - - - - - - 

OM, % - -  
111 1 - - 
.Al, ppnl - -  
CR. I ) l>m < 7% 
I í ,  ppni < 37r 
Mg. ppm < :30f 
Na, p p m  - -  
P. 1)111ii < 17f 

-- - - -- -- - - ---- - -- -. - -. . . . - -- 

ti. ('riticnl level. l 1 . 1 ~ t 1 s t  squnri ,  mcnn f iom 1 12 s a m p l e s  from region IV nncl V in C U C ~  season .  
c .  Stnndnrrl  e r r o r  of the lenst  sc1iini.e mnnn. ( l .  Percentugo ofst imples t ~ e l o w  Lhe critica1 le~.el .  e .  
Brelnntl(4) .  f. Rhiie n n d  Ki(1cIei (35). *** M1et vs d r y  differ P c .O0 1. * Wet \.S dry differ  P .05. 

gion V. Alkaline soils such a s  those 
from rcgion 111 may have dcc:rensecl the 
concentxation of available Fe. a s  incli- 
catetl by the high percentage of defi- 
cient samples. Soil Fe data froni this 
stucly were lower than those found by 
Past,rana et al. (27) in Colombia and 
Rojas el  al. (32) in Venezuoln. 

Soil Mn was higher (P < .O5) in 
region V than in regions 11.111 ancl IV 
(luring the wet. scason. Whcn conipnr- 
ing t,he two seasons for regions [V and 
V, soil Mn \vas higher (P -= .Ol) in thc 
dry senson than in t.he wet seiison. 
Manganese is known for its rapid oxi- 
tlntion antl reduction unclrir variablo 
soil environriients. Osidizing conditions 
may reduco Mn :ivailabilily, ancl re- 
clucing conclitions niay iricrease its 
availability (16). Wien h/In is reduced. 
its suscept,ibilit.y to Ienchin:: increases. 
ln region V during the wet season. low 
soil pH antl high rninfall niay have 
lxen t,he cause of elevntecl soil esl.ract- 
able RIn. sinco the reclurctl form is 

available for plants. DifTerences ir1 Mn 
concentrat,ions betwcen seasons could 
be explained, in thnt  solubilit!r in-  
creases during the wct season. Dile to 
retlucing conditions, the leachirig of 
this mineral could have increz sed. 
Results from this stuciy showed higher 
soil Mn than those found in Flcrida 
(9) and Venezuela (2 1 ,  32) and siniilar 
to those fountl in Gui~teniala (38) 

Average soil %n did not differ 
among regions in thc  wet or  dry scta- 
son. However, soil Zn was highcr (P 
< .05) in the dry seíison than in the 
wet season for regions IV and V. Pcr- 
centage Zn deficient soil sample:, ac- 
cording to t.he crit.ic:il leve1 of .5 opm 
(30). .rvas less than 12 % for thc  sis 
regions in the wet scíison. and w:is 12 
and O % for regions I\' and  V, refpec- 
tively. in the dry season. Similar per- 
centages (4 %) of deficien t soil sarr ples 
were found in both scasons. Pastrana 
et al. (27) found higher (P < .05) soil 
Zn concentration in the wet seiison 
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than in the dry season. Estriict,able Zn 
has  been found to be affected by low 
p H  and  cultivation (2). Zinc may be 
more soluble and  susceptible to leach- 
ing in low p H  soils and  high rainfall 
areas. 

Forage analyses. Mean forage 
Co, Cu, F e  and Zn concnntr;itions in 
both seasons did not vary among rc- 
gions (table 5). There was an  interac- 
tion for Mn and  Co (P < .OS) between 
season and region. 

Percentage offorage samples cle- 
ficient in Co for ruminants cturing the 
wet season, according to t,he critical 
level of <.  1 ppm (19), rangetl from 82 
to 100 % for the six regions in the wet 
season. During the dry season region 
IV h a d  100 % and  region V had 89 % 
of forages below the  critical level. 
Similar percentages offoragc Co defi- 
cient samples were found for bot,h sea- 
sons (table 6). A similar prol~ortion of 
forage Co deficient samplrts were found 
in Florida, USA (9). Iiojas el  al. (32) 
found marginal t,o deficient Co levels 
in forages in Venezuela and no season 
effect on forage Co concentration. 
Tejada et al. (38) did not find differ- 
ences in forage Co concentrations 
among regions in Guatemala, but the 
percentage of samples below the criti- 
cal level was lower than the values 
reported in this study. Cobalt is oft,en 
the most severe mineral deficiency of 
grazing livestock in tropical count.ries, 
with the possible exception of P and 
Cu (20). Cobalt uptake by plants is 
dependent on Co and Mn concentra- 
tion in soils (75). Soil Mn a t  high lev- 
els depresses upt,ake of Co by forages. 
In the present study, although soil Co 
was not analyzed, high levels of soil 

Mn wcre found, which could hnve l(!ad 
to reduced Co absorption by plantn zind 
subsequent,ly low levcls in plant 5s- 
sue. Analyses of the interaction of sen- 
son and region resultcd in higher (P < 
.01) Co in region V in the wet season 
(0.05 0.006) than in region IV (0 02 
* 0.008) in the same season. antl in 
region V (0.0 1 * 0.006) in the tlry s ?a - 
son. In a recent  re\:iew. I k b a t a -  
Pendias and Pendias (16) repori.ed 
great variability in pl:int nn:ilysi:; of 
Co by clifferent a u t h o r ~  ancl sugges. ecl 
that  analytical errors a re  a n  inip:)r- 
tant  source ofvariatiori. 

Percentage offor:tge Cu t1eficic:n t 
samples, according to the critical leqel 
of < 8 ppm (26). rangetl from 86 to 100 
% for the six regions in the wet sea- 
son. In the dry season, al1 samples Tor 
regions IV ancl V werc? Cu deficient . 
N1 forage Cu samples were tleficitmt 
in bot,h seasons for regions IV ancl V. 
Siniilar reports. wherc Cu cleficiencies 
were found in most for:ige samples. iirc 
from GuaternaL? (38), Florida, USA (S))), 
ancl Venezuela (32). Mcl)owell el u1. (20) 
reported that, with the exception of'P, 
deficiency of Cu is the rnost sevcre Lirni- 
tation to grazing livestock through 
extension regions of the tropics. Cop- 
per interacts strongly with trace m in- 
erals and  macrominerals for absorp- 
tion by the plant. These interactions 
are highly dependent. on plant spec es 
and soil pH. Iron and (:a are  some o f  
the elements that  coultl liave had iin 
effect on the absorption of Cu in tliis 
stutly. Calcium, in the f'orni ofcarbon- 
ate, 1)recil)itates Cu, rnnking it. un-  
available for the plant. 

Percentage of foriige samples (le- 
ficient in Fe for ruminzints, acco rd i~g  
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Table 6. Season effect on forage micromineral concentrations for re- 
gions IV and V (dry basis). 

- -. . -- - - . - - - - - - -. 

Wet scason 1991 Dry srason 1992 
-- - 

Elernent CLa hlearib SEC O/o ~ e f d  Mean SE % Dc !f 

Co, ppn~  < 0.1' 0.02 0.01 100 0.03 0.01 92 
('U. ppnl < 8' 1.3  0.24 100 1.5 0.24 100 
Fe, p p m  (50' 58.0 15.9 44 98.3 15.9 37 
M r i ,  ppm < 40' 5 1 * $1.8 48 94.0 9.8 43 
Se. p p m  < 0.2' 0.271 0.03 38 0.21 0.03 69 
Zn. p l ~ m  < :MP 1 1 .  :Y* 1.2 911 21.0 1.2 79 

a. (Iritical level. 1). t r m t  silunre in,.nn frcm 1 12 snmplns from regions IV and V in both seascns. 
c. Stnndnrd error of the Ii?rist .;qii>irt. mecin. ( l .  Percentage ofsamples below the critica1 leve . e .  
NRC (26). * Wet vs dry tliffer (P < .Os). ** Wet vs  dry differ (P  c .01). 

to thc requirenient levcl of 50 ppm (126), 
rnngecl from 7 to 71 % for the s i s  re- 
gions in the wet. season. nntl was 33 
and 39 % for reg-ions IV antl L', respec- 
tively, in thc tlry senson. In both sea- 
sons, sinlililr percentagos of' Fe ciefi- 
cient forages urere found. Espinoza et 
al. (9) founcl monthly variation in for- 
age Fe concentration antl a higher per- 
centage of Fe deficient saniples in a 
stutly contluctecl in Florida. In Guat,e- 
niala. Tejada et. al. (38) fountl regional 
variation in forage Fe concentr R t ions. ' 

IT;irgas et al. (42) nntl l'ejatln el al. (38) 
in Colombi:i nncl Guatem;ilii. respec- 
tively. ciid not find Fe tleficictnt fornge 
samples. Thc  nbsorption of Fe by 
plants is not nlways consistent antl is 
affectecl by the phvsio1ogic:tl stn1.c of 
the plant, a s  wcll as  changing concli- 
tions of soil íintl climate (16). 

klenn forage kln varic?d among 
regions in both season!+. In the wet 
senson, rcgion I'hatl higher (P .05) 
Mn concentrations than nll regions, 
escept region 11. In [.he di.? season, 
region \'hntl higher (P < .05) foriige 

Mn than region IV. Percentage of 
samples below the estimated require- 
ment of 40 ppm (26) for cattle ranged 
from 24 to 100 % amonr; regions in i.he 
wet season. In the clry season, there 
were 86 and 17 % clcficient. forzige 
samples in regions 11: and V, respec- 
tively. The percentages of forage IvZn 
cleficient samples were similar Je- 
t,ween seasons (43 or 48 %) for regions 
I\' and V. The analyses of the seas m -  
by-region inieraction showed highei. (P 
< .05) forage Mn concentration in re- 
gion V in the dry season (159.4 * 1:!.3) 
than in the wet. season (78.7 12.3), 
and region IV had lower (P e .05) ibr- 
age Mn concentrations in the wet Fea- 
son (23.9* 15.9) and clry season (27.7 
* 15.9) than región V i r i  either seaFon. 

Mean forage Se  did not di~*fer 
among regions in the wet season In 
the clry season, forage Se samples fi.om 
region IV had higher (1' < .O 1) Se  con- 
centrations than those from regiori V. 
Percentage of samples below the cst.i- 
mated requirement of 0.2 ppm (26) for 
cattle ranged from 29 to 43 % aniong 
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regions in the wet season. In the rlry 
season, there were 38 and 87 % clefi- 
cient forage saniples in regions IV and 
V. respectively. Gerloff (10) reported 
that Se concentration in plants is posi- 
tively correlated with soil pH. Other 
factors affecting the Se uptake are soil 
P, S and N concentrations. Ehlig el  
al. (8) founcl that ,  escept for Se accu- 
nlulator plants such as Astragalir.~ sp., 
the Werences  in concentration ofthis 
element among plant species were 
small. In this study. soil pki (P < .01) 
and soii P (P <.Os) concentrntions were 
lower in region V than IV in thc clry 
season (table 4). Both factors nlay have 
had an  effect on forage Se uptake froni 
the  soil. Lower concent,rat ions of for- 
age Se  have been reporte<l.in Guate- 
mala (38, 41). Veneziieln (32), and  
Florida, USA (9). Ammcrman and 
Miller (1) reportetl Se foritge concen- 
t.rations below 0.05 p p n ~  in the north- 
west ,  northeast.  nncl southeast.  of 
United States. 

Mean forage Zn concentrntion 
sho~ved a season effect (P -=.O 1) 10r re- 
gions IV and V, with higher concen- 
tration during the (Si season. Percent - 
age of Zn samples below t,he critical 
level (< 30 ppm) for ruminants (20) 
ranged from 79 to 100 % for the sis 
regions during the wet season, and was 
7 1 a n d  8 3  % for regions IV and V, re- 
spect.ively. in t.he dry season. Higher 
perccnt:iges of forage Zn deficient 
saniples were found in thc wet season 
(94 vs 79 %). Forage Zn víiried consitl- 
erably clepenrling on various ecosystem 
characteristics, plant  species, and  
stage of maturity. However, J(abatí1- 
Pendias and Pendias (16) reportccl that 
Zn concentration of certain forages 

frorn differentcountries do not dil'fer 
widely. This agreed 1~1th the lacl: of 
clifferences in Zn concentration among 
regions in this study. Similar results, 
where no clifterences were found ammg 
regions, were reported in V e n e z ~ ~ e l a  
(2 1). Controversia1 reports concerr ing 
Zn concentrations in plants a s  they 
mature have been reported. Untler- 
wood (40) reported that  as  plants ma- 
ture. their Zn concentration decreases. 
However, high concentrations oí' Zn 
have been found in old leaves of p1:mts 
(16). 

Serum analyaes. Serurn Cu 
concentrations ciid not dfler  amon = re- 
gions (table 7) nor among animal  
classes (table 8) in either season. Per- 
centage of deficient serum Cu sam3les, 
according to the critical level of 51) pg/ 
100 mL (14), rangecl frnm O to 43 % 
for the s i s  regions in the wet season, 
íind was O and  4 % for regions IV and  
1'. rcspectively, in the clry seztsor . .M- 
t.hough a high proportion of cattle 
niaintained only on forages become 
hypocupremic, many of these animals 
do not show clinical signs ofdeficiency 
(23). Sutt,le (36) and Mills (24) hnve 
suggested that plasma Cu and cerulo- 
plasmin a re  of limited value in diag- 
nosing Cu st,atus because in f l a r~ma-  
tory disease would alter these 1c:vels. 
However, erythrocyte Cu-Zn superox- 
ide disniutase activity has been sug- 
gested to be correlated with tluration 
of deficiency (37). Copper deficie,~cy is 
common in rurninants. Hypocuprosis 
could be provoked by escess Mo, S, Fe, 
Zn and Ca, and  affect al1 stages of 
growth and production (12). Ballmena 
el al. (3) in hgen t i r i a  found a higher 
percentage of serurn deficierit Cu 



Table 7. Serum micromineral concentrations as related to regions and seasons (igI100 mL). 

Wet Season Dry Season 

Element CLa 1 11 DI K 1' 1,'I n I r  
nb=30 n=60 n=30 n=90 n=150 n=6O n=60 n=150 

Se < 4g Mean 
SE 
% Def 

íÁ< 6$ Mean 
SE 
% Def 

a. Critica1 level. b. Number of samples. c. Least square mean. d. Standard error of the least square mean. e. Percent of samples belou the 
critica1 level. I. HerJ (14). g. Xliller and Xadsen (22). h. hlcDowcl1 ct a!. (20).  



Table 8. Serum micromineral coricentrations as related to animal c:lass 
and season (ig1100 mL). 

~ --- ~. - - 

\Vet se:lsoti r h y  sensoii 
-- ~- - - -- - -- - - - -- 

Itom CL" 1, Li 13" c(' L I-l (: 

ne=140 ii=140 n=ldO n=70 n=70 n:=70 
pp - - -- -. - - - - - - - - - 

Cu < 50' hleanf 
SICP 
'31 D ~ P '  

Se < -1' hlenn 
SE 
% Def 

72 < (;& hlenn 
S E  
O/;, Def 

-- - 

a. Critica1 level. b. Lnctnt ing <.ows. c. Heifcrs d. Cnlves. e. Numbcr of snmples.  f. 1,enst ;qiicirc 

mean. g. Stnndnrd error of thí: lenst  squnre menn. h. Perccntnge of snrnl) l r>s  helow the  (:riticril 

level. i. Herd (14). j. Miller ancl Madsen (22). k.  McDowell ei al. (20). 

samples t.han t.hose in this stucly. 
Serum Se concentr;itions clid not 

differ among regions in the wet ancl 
thc dry seasons, resl)ect.ivnly. Animal 
class ciid not íiffect seriini Se levels in 
the wet scason. However, in the dry 
season, calves had lower (P < .O 1) se- 
rum Se t h m  heifers and lactating c o ~ .  
Percentage of serum samples deficient 
in Se, accorcLing to the critica1 level of 
4 pgI100 mL (23 ,  rangcd frorn 13 to 
93 % for the six regions in t,he wet sea- 
son, and  was 2 ancl 29 % for regions 
IV and V. respectively, in the dry sea- 
son. Serurn and(or) pkisma Se has been 
reported to reflect. curren t supplerncn- 
tation levels ancl short-t erm change?; 
in Se  supplementation (10). Prot,ein 
supplementation can altcir Se availat~il- 
ity to the  aninials, sincci a deficiency 
of suifur :miino acids (methionine) rle- 
creases the incorporat.ion ot'Se into glu- 
tat.hione perosiclase (6). Other facturs 

affecting Se nietabolisrn are Ca íit the 
level of nbsorption (> 0.8 or < U.6 %), 
interaction with henvy metal3 and  
animal genetic potential (lo), antlfeecl- 
ing high levels of c~~iinogcnet,ic glyco- 
sicles when Se intakc is niarginzil (l.?). 
Tcjacla et al. (38) foirncl a tendericy for 
serum Se concentr¿it,ions t,o be liigher 
in lactat,ing than in growing an in i a l~ .  
Contrary to these tintlings. B- CI 1 uiiena 
et al. (4) did not fintl clifferences in se- 
rum Se concentration between iinimiil 
C ~ ~ S S R S .  

Serurn Zn concentration tlitl not 
cliffer among regions or animal class 
in either scnson. F1c:rcent:ige ofscruni 
síinil)les (lrficient in Zn (< 60 l1g1100 
niL) rangctl frorn X to 50 % for -,he s i s  
regions in t he  wct scason, a n d  .a.:is 4 3  
and 27 O/o for regions IV íind V, i-cspec- 
tively, in the ciry scnson. Sorne Factors 
<affecting scrurn Zn concen trations are 
collection proceclure nnd stress. Clorah 
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and Ivcs (7) reported that serum Zn 
concentration is increased by hemoly- 
sis and clecreased by stress. Wegner 
el al. (45) observed that  cows under 
hyperthermic stress showed a decline 
in serum Zn concentration. and this 
low serum Zn concentration remained 
after 192 h post-stress. Graham (12) 
reported that there is notan accurate 
biochemical index of Zn status due to 
the influence of diseases on enzymes 

such as carbonic anhydrase and alka- 
line phosphatase. Similar res~i l t s ,  
where forage Zn concentrations v e r e  
below the requirement for grazing: ru- 
minants but animal t.issue levels did 
not indicate a Zn tleficiency, ulere 
found in Argentina (5). &o, a low per- 
centage of deficient serurn sarnples was 
found in Guatemala (38) and Venezu- 
ela (2 1). 
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