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ABSTRACT

Reproductive efficiency of dairy cows can be deteed by various reproductive indices (RIs) as
essential components of regular calving period. aines of this research were to assess some Rls,
correlate among those RIs and describe possibleesanf their variation for Holstein-Friesian (HF)
cows maintained under two different conditions imnBumas district, Central Java. Data of
reproduction of HF cows were collected for 458 rdsdfrom a dairy breeding station (BS), 1992 —
2002, and for 417 records from a number of smatydelders (SDH), 1996 - 2002. A number of RIs
studied were intervals from calving to first see/{€FS), first service to conception (FSC), daysmop
(DO) and calving interval (CI). Pearson correlatimethod was used to correlate (r) among Rls.
Simple regression up to the third levels was usddvestigate the effects of individual RIs (CFS®lan
FSC) on DO and (CFS, FSC and DO) on CI. Means df & of HF cows between the BS and SDH
were compared by the least square technique of @hddysis by considering location, age-, season-
and year of calving as dependent variables. Lotca&sulted in very significant effect (P<0.01) on
CFS, DO and ClI, at a range of 1.58 — 21.56 %. #tdgimeans of CFS, FSC, DO and Cl in the BS
were 78, 22, 134 and 410 d respectively; and tho&DH were 91, 24, 156 and 427 d respectively.
For both locations, FSC was a more major factafiecting DO compared to CFS with the r value of
FSC-DO almost twice the strength against CFS-DO=(BS34 vs. 0.48; SDH= 0.82 vs. 0.44 %).
Further, DO had the highest effect on ClI compaceihdividual FSC or CFS, r value = 0.98 (the BS)
and 0.97 (SDH. Lengthening each day of DO restitidihearly increased CI of 0.99 d (the BS) and
0.98 (SDH). Major differences in RIs of HF cowstlire current study compared to those in temperate
and other tropical regions require definite redeescin assessing various physiological and
environmental factors affecting reproductive parfance of HF cows under specific tropical region of
Central Java.
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INTRODUCTION operation by reducing the amount of milk
produced per cow per day of herd life, increasing
Reproduction plays a key role to achievéreeding costs, intensifying the rates of voluntary
profitability in a dairy production as anand involuntary culling and slowing the rate of
inefficient reproduction results in many kinds ofyenetic progress for the traits of economic
adverse indicators such as less milk and fewenportance in a dairy herd.
calves per cow per year, increased culling rates, Factors governing reduced reproductive
slow genetic improvement, increasegerformance in dairy cattle are numerous and
replacement cost, increased breeding cost or Aften difficult to diagnose. Even under optimal
services and low net returns (Dekkest al, conditions, the reproductive process is less than
1998). It is desirable that cows have a gooperfect because of the multiple factors which
fertility because the more frequently a dairy cowontribute to produce a live calf (Stevenson,
calves, the greater is the amount of milR001). Overall reproductive performance at a
produced in her lifetime. According to Plaizetr herd level is directly influenced by the
al. (1997) inferior reproduction in dairy cattlereproductive activity of individual cows. A dairy
causes a severe disadvantage in dairy producticow is clearly fertile if she has the ability to
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conceive and maintain pregnancy after service sg¢rvice to conception, days open and gestation
the appropriate time in relation to ovulatioength, besides the calving interval itself.
(Darwashet al, 1997). Any condition leading to Calculation of the duration of these reproductive
failure in establishing a pregnancy followingparameters allows identification of various
completion of uterine involution, on the othedimiting factors associated with reproductive
hand, results in sub-fertiie or infertile cowsdisorders which subsequently allows relevant
Failure to establish a pregnancy at the expectadjustments to be undertaken for the
time after the peri-parturient period may reflect @anprovement.

number of abnormalities including failure to The aims of this research were to assess
ovulate, failure to show oestrus, inappropriatsome RIs, correlate among those RIs and
pattern of ovarian cyclicity and loss of pregnancyescribe possible causes of their variation for
that might be a reflection of dysfunction at théHolstein-Friesian (HF) cows maintained under
hypothalamic, pituitary, ovarian or uterine leveliwo different conditions of the tropical
or in conceptus development (Roydlal 2000). Indonesian climate in Banyumas district, Central
Challenges maintaining efficient reproduction idava.

dairy cattle apparently include a complex process

involving various factors of genetic, nutritional, MATERIALS AND METHODS
physiological, management and environmental
(Stevenson, 2001; Masamat al, 2003b; Materials

Shiferaw et al, 2005). An understanding this
multitude of interrelated factors which can result This dairy-field research was carried out in
in  cows successfully becoming pregnangne government dairy breeding station (the BS)
therefore, is essential. and a number of small dairy holders (SDHs) in
Calving interval has been considered as Banyumas district, Central Java. The total area
practical and useful parameter to indicate thef Banyumas is 5,364 ha (4.04 %) of the total
reproductive status of individual cows and th@rea of 132,759 ha of Central Java located
reproductive efficiency of a dairy herd. It isbetween longitude 1689'- 109" 27' east and
supposed that by maintaining optimal calvingtItUde 7 15- 7° 37" south. Almost half of
interval ensures efficient dairy reproductivéd@nyumas district is in the lowland, spreading
management. Reproductive efficiency of dairut from the centre to the south and from the
cows can be determined by calculating th&€stto thg east of the d|§tr|ct. Banyumas can be
periods of various reproductive indices (RIs) aslassified into three regions according to its
essential components of the calving intervdi/€vation, namely, the altitudes of 25 - 100 m
(Stevenson, 2001). These are mainly for tH1-77 %), 100 - 500 m (30.42 %) and the
intervals from calving to first service, from first"€Mainder over 500 m (37.71 %) asl

Table 1. General management under the two lotibthe BS and SDH

Description BS SDH

Dairy breed Pure Holstein-Friesian. Pure Holsteiesian.

Management Large scale and intensive. Small scalesemi intensive.

(Group or individual dairy farmers)

Feeding. Improved forages and recommend®tixture of forages and variable
concentrate. concentrate.

Reproduction. Visual and recording heat detectioviisual heat detection, limited heat
regular heat induction and palpatingnduction and visual detection on
conception detection. conception.

Calf rearing. Artificially rearing. Artificiallyrearing.

Heifer and cow Different houses and feeding based dm similar stall and feeding as available.

rearing. physiological status.

Mating Insemination using HF and Holsteinnsemination using HF and Holstein
frozen semen from Al institution infrozen semen of Al institution in Central
central Java. Java.

Milking. Machine and hand - morning andHand — morning and afternoon.
afternoon.
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The dairy breeding station (the BS) was satates allowed a range of reproductive indices
up on a highland at the slope of Slamet MountaifRIs) to be calculated as presented in Table 2.
over 1,500 m asl with an area of approximatelyhere were no data collected on the reproductive
13.5 ha in Baturraden sub-district. Small dairphysiology of the animals during the current
holders, which were developed under theesearch. The unavailability of physiological
supervision of the BS, have been located in fiveeproduction data resulted in constraints making
sub-districts of the overall 27 sub-districts inmpossible more specific investigation and
Banyumas district. Small dairy husbandries hawtiscussion on the reproductive performance of
been entirely developed within 25 villages fronHF cows in the current study. However it is
the five dairy sub-districts of Pekuncenconfidently expected that by utilizing the
Cilongok, Karang Lewas, Baturraden anavailable service and calving dates, will stilllgie
Sumbang for a total area of 32,960.5 ha, 24.83 éssential information on the reproduction of HFs
of the area of Banyumas. The development af both locations.
these dairy villages has mostly been located on
the relatively higher regions (above 140 m asl.) Methods
rather than those of sub-districts without dairy
establishment. Table 1 describes the general A number of reproductive indices (RIs) as
management under the two research locations contributing factors to regular calving interval

Investigation into various aspects ofwere studied. These were: the intervals of
reproduction of dairy HF heifers and cows in thealving to first service (CFS), first service to
present study was conducted in each location obnception (FSC), days open (DO), gestation
the BS, SDH and Overall combining betweetength and calving interval (Cl) (Table 2). The
two locations. Reproduction records used for thiinal observations analyzed for individual RIs of
study were for HF cows kept during the period o€FS, FSC, DO, gestation and Cl are presented in
1992 - 2002 in the BS and during the period ofable 3. They were obtained by extracting data
1996 - 2002 in SDH. Data were collected fronon individual cows that had complete Rls. Outlier
the reproductive database which was recordethta identified through box plot distributions
under the Breeding and Recording Sub-divisiowere omitted from the final analyses.
of the BS. All these reproductive field data were  Various correlations between RIs of CFS,
recorded in daily book records and then enterde5C, DO, gestation and Cl of HF cows within
into the computerized database using thecation were calculated by Pearson correlation
recording packet program of Cow Search by thmethod. A number of simple regressions, up to
breeders and recorders under the supervisiontbg third levels of equation, were analyzed to
the BS. The reproduction data of individual cowsvestigate the effects of individual RIs (CFS and
mainly consisted of the dates of birth, calvingi-SC) on DO and (CFS, FSC, DO and pregnancy)
service (or insemination) and conception as wedin Cl for HF cows in each location.
as the number of services. Knowledge of these

Table 2. Various reproductive indices consideretthéncurrent study and their definition

Reproduct. indices (d) Abbrev. Definition

Age at first calving (mo) AFC Number of days frointi to first calving of animals

Calving - F' service CFs Number of days from calving to fistvice

1% service — conception FSC Number of days fromt fexrvice to subsequent conception
(calculated only for cows that were confirmed peamih

Days open DO Number of days between parturitiond asubsequent
conception (calculated only for cows that were oomdd
pregnant).

Gestation length - Number of days from the lastception to subsequent calving

Calving interval Cl Interval between two consecetcalving.

Services per conception S/IC Number of servicegxggminations required for conception

(calculated only for cows that were confirmed patih
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Table 3. Reproductive performance (months) dstémn-Friesian heifers and cows by location

Reproductive performance N Mean Median SD Min. Max.
(days) Location
BS
Calving - F' service 458 86 80 39 25 190
1% service — conception 458 49 24 62 0 264
Calving — conception 458 136 120 70 31 334
Gestation 340 275 275 5 262 291
Calving interval 458 408 393 69 393 609
Services per conception 527 1.84 2.0 1.0 1 6
SDH
Calving - £' service 417 102 95 43 25 215
1% service — conception 417 49 19 66 0 279
Calving — conception 417 150 139 73 25 361
Gestation 253 273 274 6 256 292
Calving interval 417 418 404 74 280 653
Services per conception 517 1.93 2.0 1.1 1 6
Overall
Calving - F' service 878 94 86 41 25 215
1% service — conception 878 49 22 64 0 279
Calving — conception 878 143 129 72 25 361
Gestation 593 274 274 5 256 292
Calving interval 878 412 398 71 398 653
Services per conception 1044 1.88 2.0 1.1 1 6

Note :” in score

To compare means of each Rls of HF cows Each RI of CFS, FSC, DO and CI had the
in the BS and SDH, individual RIs wassame observational number for 417 records. This
transformed into a normal distribution thenwas because the final data for analyses were
analyzed by the least square technique of GLigbtained by including only animals possessing
analysis for unbalanced data with location, ageepmplete information on all the RIs which are
season- and year of calving determined afeterminant components of Clin order to achieve

dependent variables. consistent values. This decision risked under
estimation of the respective RlIs due to the

RESULTS AND DISCUSSION exclusion of the reproduction data of culled

cows. The exclusion of data on incomplete RIs

Description on Reproductive Indices could mean the exclusion of animals which had

inherent low fertility and failed to conceive or

Data on six reproductive indices (RIs) of HRanimals which were culled due to management
heifers and cows providing CFS, FSC, DOreasons such as poor milk yield, diseases etc.
gestation length, Cl and S/C in the BS, SDH anBxcluding animals with low fertility from the
Overall are presented in Table 3. All thesanalysis is equivalent to truncating/censoring the
estimated reproductive  parameters wergata. By contrast, the final observations on
calculated from the available information on thgestation length of HF cows in both locations
dates of services and calving of animals from theere obtained after omitting the identified outlier
computerized reproductive data base in the B8ata of the previous Rl completing CI (417
Following calving, the gravid uterus has to returmecords). The exclusion of the identified outlier
to a non-gravid state and sexual cycle must lgestational data decreased the number of
resumed to achieve conception. The efficienagbservations, by respectively 25.8 % in the BS
of these two critical reproductive processegfrom 458), 39.3 % in SDH (from 417) and 32.5
along with the efficiency of artificial % in Overall (from 878).
insemination, is reflected in estimates of various As presented in Table 3, means for CFS, DO
components of inter-calving interval. Theand CI of HF cows in the BS (86, 136 and 408 d)
description of each RI, which contributes tavere shorter compared to those of HF cows in
calving interval, is essential in quantifyingSDH (102, 150 and 418 d) and the ranges of the
general reproductive performance of Holsteinespective RIs were also narrower in the BS (25 —
cows within and between locations. 190 d, 31 — 334 and 393 — 609 d) than those in

242 The F International Seminar on Animal Industry ZObSFaculty of Animal Science, Bogor Agricultural Unisigy



Animal Production

SDH (25 — 215, 25 — 361 and 280 — 653 dpf the CFS of various exotic crosses kept in
All these RIs of HF cows in both locations hadropical regions of Bangladesh (Islaet al,
wide ranges indicating they were highly variable2002) and Philippines (Alejandriret al, 1999).
Means of FSC in both locations were similafhese results indicate that the CFS of the HFs
(49d), but the range was narrower in the BS (Omaintained under intensive management in the
264 d) compared to SDH (0 — 279 d). Mean d8S was comparable to the CFS of HFs raised in
gestation length of HF cows in SDH was slighthlsome temperate and many tropical regions and
shorter than that in the BS (273 vs. 275 d), lut ithe CFS of HF cows kept under SDH were
range was longer in SDH than in the BS (256 eomparable to those of Holsteins maintained in
292d vs. 262 — 291 d). The values for mean argbme tropical regions.
median for the gestation length were the same in Some studies have reported that the period
the BS (275 d) and similar in SDH (273 vs. 274rom first service to subsequent conception of
d). This indicates that the distribution ofHFs and some temperate breeds to be within a
gestation of HFs in the current study followed @aange of 22 — 45 d in USA (Simegt al, 1992)
normal distribution. and The Netherlands (Ouweltjesal, 1996). A
Frequencies of the distribution for individualsimilar range of the FSC of 26 — 49 d was
RIs at each location are not given herebserved for HFs in tropical region of India
However, there was generally a positive skewgd@haliwal et al., 1996). The mean of the FSC of
pattern of most RIs both in BS and SDH. Thd9 d for HF cows in the present study are within
typically positive skewed distribution whichthe range of FSC of HFs in India (Dhalivetla,
normally exists for reproduction traits is clearlyl996), but longer than the range for FSC of some
identified for CFS, DO and CI in both locationstemperate breeds in USA (Simet al, 1992)
These were marked by the higher values of tend The Netherlands (Ouweltjet al, 1996).
mean to the median. Nevertheless, differeffthe median values of FSC for HF cows in the
skewed positive distributions existed for FSQresent study were considerably shorter than their
distribution compared to the former with themeans both in the BS (24 vs. 49 d) and in SDH
highest frequency, as would be expectedl9 vs. 49 d). As presented in Table 2, this was
occurred at the FSC 0 d showing the majority dfecause the highest frequency of HF cows
heifers conceive at the first insemination. Theonceived at the first time they were inseminated
results revealed that reproductive performance of both locations (BS = 45 %, SDH = 45 %).
HF cows in the BS was better than that in SDH The means from calving to conception or
meaning that generally HF cows in the BS werBPO, as the summation of the two periods of CFS
better in expressing reproductive performancand FSC, were shorter in the BS (136 d) than the
than HF cows in SDH. By combining the twoSDH (150 d). The ranges for DO of HF cows in
sets of reproduction data the mean and thmoth locations varied considerably, 31 — 334 d in
median of each RI in Overall was in betweethe BS and 25 — 361 d in SDH. Large variation
values for the BS and SDH. of DO in both locations was definitely a result of
high variation in the two determining indices of
Comparison among Reproductive Indices  CFS and FSC. This was similar for Cl in which
the range was narrower in the BS than in SDH
Compared to the means of CFS of HFs an®S = 393 — 609 d, SDH = 280 — 653 d). Itis
other temperate dairy breeds, the mean CFS ldfely that the wide ranges in Cl were
HF cows in the BS (86 d) was longer than thpredominantly determined by the large variation
range of 70 — 86 d HFs and other temperate DO rather than gestation length. A previous
breeds maintained under temperate regions sfudy pointed out the duration of gestation is
USA (Mooreet al, 1990; Simerlet al, 1991), fairly constant and can not be shortened
The Netherlands (Ouweltjest al, 1996) and significantly without adversely affecting the
Sweden (Avel and Ornsro, 2001). This FCS wdsealth or viability of the new born (Bazer and
also longer than the range of 76 — 80 d for HFirst, 1980). The mean DO of HF cows in the BS
cows kept under tropical regions of Indiavas longer compared to those within a range of
(Dhaliwal et al, 1996), but it was comparable to72 — 128 d of HFs, temperate breeds and
the CFS range of 63 — 92 d of Friesian kept iorossbreeds maintained both in temperate and
temperate regions of Italy (Bagnato and Oltenadtopical regions in USA (Mooreet al, 1990;
et al, 1994). The mean CFS of HF cows in SDHuna-Dominguez et al., 2000; and Simetlal,
(102 d) was shorter than the range of 106 — 11994), Sweden (Avel and Ornsro, 2001), India
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(Dhaliwal et al, 1996), Israel (Arbelet al, comparable to some previous studies in India
2001), Tanzania (Msanga and Bryant, 2003}Phaliwal et al, 1996), Pakistan (Niazi and
Turkey (Turkyilmaz, 2005) and Tunisia (Saletn Aleem, 2003), Turkey (Turkyilmaz, 2005) and
al., 2006). The mean DO for HF cows in botiTunisia (Salenet al, 2006).
locations of the BS and SDH were comparable to
the values of 134 — 159 d for Holsteins in USA  Phenotypic Correlation and Regression
(Oseniet al, 2003) and 123 — 154 d in Turkey among RIs
(Kayaet al, 2003). Other studies reported longer
DO within a range of 186 — 284 d for HFs and Table 4 presents coefficients (R) of the
crossbreds in tropical regions of Philippinegphenotypic correlation between various RIs as
(Alejandrinoet al, 1999) and Pakistan (Niazi anddeterminant factors of regular calving of HF
Aleem, 2003). These results show that the D€ws for all locations. CFS was correlated
HF cows in both locations were comparable toegatively to FSC at a low level (BS = -0.09,
DO of HFs and crossbreds in some temperate aB®H = -0.15, overall = -0.12), but the
tropical regions. However, to achieve theorrelations were significant (P<0.05) both in
recommendation of 90 days open, attentioBDH and Overall. As expected both CFS and
should continue to be focused on reducing boffSC were correlated positively to DO with a
CFS and FSC. higher R value resulting from correlating DO to
A number of previous studies on temperateSC than to CFS across locations. The R value
dairy breeds either in temperate and tropicalf the FSC and DO correlation resulted in almost
regions have reported the mean gestation lengthice the strength when compared to that of the
in a range of 278 — 282 d. The means dEFS and DO correlation for HF cows in each
gestation period of HF cows in the present studgcation of the BS (0.84 vs. 0.48 %), SDH (0.82
(BS = 275 d, SDH= 273 d) were lower than thigs. 0.44 %) and Overall (0.82 vs. 0.47 %). This
range. Referring to Table 3, various studies hawmplies FSC is a more dominant factor in
reported Cl of both temperate breeds and thaiifferentiating DO compared to CFS.
crossbreds maintained in temperate regions were Consistently, a similar situation occurred for
between 335 — 445 d, but the CI tended to Wel, the two factors of CFS and FSC positively
longer (436 — 734 d) for temperate dairy breedmrrelated to Cl, with the R value for the FSC and
and their crossbreds maintained under tropicéll correlation was higher than the CFS and CI
regions such as in Philippines (Alejandrietoal, correlation in the BS (0.79 vs. 0.50 %), SDH
1999), Sudan (Ageeb and Hayes, 2000), Pakistéh80 vs. 0.44 %) and Overall (0.80 vs. 0.47 %).
(Niazi and Aleem, 2003), Ethiophia (Shiferagt In contrast, correlating gestation length to CI
al., 2005) and Zimbabwe (Ngongoret al, resulted in only small R values across locations
2006). The mean CI of HF cows in the BS (408arying from 0.04 to 0.14, however, the
d) and SDH (418 d) were comparable to the HFrrelation was statistically significant in SDH
and other temperate dairy breeds kept in sonjE<0.05). These results support the previous
temperate and tropical regions. finding that the two factors of CFS and FSC are
The number of services required for HFshe dominant factors affecting Cl with FSC being
conceiving either in the BS (mean = 1.84, mediaihe more important. Gestation had a relatively
= 2.0) and SDH (mean = 1.93, median = 2.dmall effect on CFS and FSC on CI, but it
were high compared to the range of 1.58 — 1.@8gnificantly affected on CI of HF cows in SDH
for HFs and temperate dairy breeds maintained (#<0.05). As was expected, the DO and CI
temperate regions of USA (Mooet al, 1990) correlation resulted in the highest R value
and The Netherlands (Ouweltjet al, 1996). because DO was resultant from the factors of
The S/IC of HFs in both locations were als€FS and FSC. Some possible factors might
higher than the means of 1.27 — 1.65 of HFs amdsult in the differentiation on the periods from
exotic breeds reared in some tropical regions @fFS, FSC and gestation length as the three most
Philippines (Alejandrinet al, 1999) and Malawi important periods in determining the length of
(Chagundeet al, 2004); however they were still calving interval of HF cows in this study.
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Table 4. Phenotypic correlation among reprodediinices of Holstein-Friesian cows by location

Reproductive indices BS SDH Overall
(d) 1stM-C__ DO cl 1stM-C_ DO Cl__1stM-C___ DO Cl
Calving — #' service 0.0 048 050" -015 044" 044 -017 047 047
1% service conception 084 079 0.82°  0.80" 0.82°  0.80"
Days open 0.98 0.97" 0.9¢"
Pregnancy 0.04 0.14 0.07*

Table 5. Coefficients of the linear regressionpredict days open and calving interval from vasiou
reproductive indices of Holstein-Friesian cows tgaltion

Estimator Predictor BS SDH Overall
a b R a b R a b R (%)
(%) (%)
DO CFs 6154 0.858 224 72.74 0.762 19.4 66.50 20.8121.7
FSC 89.13 0944 69.6 106.4  0.902 66.8 97.51 0.9287.4
Cl CFS 3335 0.857 245 341.3 0.783 189 336.7 9.8222.3
FSC 365.8 0.924 63.0 373.1 0.893 63.9 369.0 0.91835
DO 277.1 0988 96.0 272.8 0.981 943 2758 0.9815.19

A number of simple regressions up to th¢hat for each day delay in CFS of HF cows
third levels of equation were analyzed toesulted in prolonged DO of 0.86, 0.76 and 0.81d
investigate the effects of individual RIs (CFS andespectively; whereas for each day delay FSC of
FSC) on DO and (CFS, FSC, DO and preghanciAF cows resulted in a prolonged DO of 0.94,
on CI of HF cows for each location of the BS0P.90 and 0.92 d respectively. Further for the
SDH and Overall. Coefficient regressions frommespective locations, a delay of one day in CFS
various simple linear regressions developed taused a lengthened CI of 0.86, 0.78 and 0.83;
describe the effects of individual RIs (CFS an#vhile a one day delay in FSC resulted in a
FSC) on DO and (CFS, FSC and DO) on CI angrolonged CI of 0.92, 0.89 and 091 d
presented in Table 5. As both a quadratic andrespectively. In the case of DO as a predictor of
cubic expression of each corresponding RTI, for each day prolonged DO it can be
resulted in no significant effect on either DO oestimated to lengthen CI by 0.99 d in the BS,
Cl, these equations are not presented here. Bage@8 d in SDH and 0.98 d in Overall.
on coefficient determination @R of various
simple linear regressions obtained, the effect of The Effect of Location on RIs
the linear regression of FSC, compared to that of of Holstein-Friesian
CFS, resulted in higher®Rralues in describing
the changes on DO and Cl. For the respective Least square analyses for Overall resulted in
locations of the BS and SDH, the lineatocation was a major factor in affecting CFS, DO,
regression of DO on CFS resulted iR Wilues gestation and Cl (P<0.001) with the exception of
(22.4 and 19.4) which were lower than those &#SC which was not significantly influenced by
the linear regression of DO on FSC (69.6 anldcation (P>0.05). The contribution of location
66.8). Certainly, the highest’R/alues were to the variation in individual RIs, presented by
obtained, for the BS and SDH, by regressing Ghe coefficient of variations or “Rvalues (R =
on DO (0.99 and 0.98) rather than on CFS (24.8ariable SS / total SS %), were significant. The
18.9) or on FSC (63.0, 63.9). This was, aR? values for the effect of location on CFS, DO,
previously described, due to the fact that DO igestation and CI respectively were 3.41, 2.06,
the summation of the periods of CFS and FSC. 7.16 and 1.50 %. In contrast, a small non-

Various coefficient regressions (b), obtainedignificant location effect resulted for FCS (0.01
to describe the changing DO by lengthening &%). Adjusted means of CFS, FSC, DO and Cl in
CFS and FSC or to describe the changes in Cl bye BS were 78, 22, 134 and 410 d respectively;
delaying CFS, FSC and DO for the threand those in SDH were 91, 24, 156 and 427 d
locations are also presented in Table 5. Based mspectively.
the coefficient regressions obtained successively All these statistics support the previous
for the BS, SDH and Overall, it can be predictetesults that there was a considerable difference in
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