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ANNALES AGRICULTURAE FENNIAE, VOL. 27: 1-34 (1988) 

Seria ANIMALIA DOMESTICA N. 82 — Sarja KOTIELÄIMET n:o 82 

EFFECTS OF ROUGHAGE AND SELECTED CHEMICAL DIET COMPONENTS ON 
GROWTH RATE, FEED CONVERSION AND CARCASS IN DAIRY BEEF ANIMALS 

VAPPU KOSSILA 

KOSSILA, V. 1988. Effects of roughage and selected chemical diet components on 
growth rate, feed conversion and carcass in dairy beef animals. Ann. Agric. Fenn. 
27: 1-34. (Agric. Res. Centre, Dept. Anim. Husb., SF-31600 Jokioinen, Finland.) 

The data consists of 367 male and 38 female calves grown under controlled feeding 
experiments. The male data was divided into two groups according to type of rough-
age, i. e. dry (hay, straw) or fresh (grass, silage) included into the diet. The experi-
mental period of hay/straw (H/S) group lasted 275 days and that of grass/silage (G/S) 
253 days on an average. The mean live weight (LWT) gain was 1 043 and 1 030 g/day, 
carcass gain 485 and 498 g/day, carcass meat, fat and bone yields were 135.5 and 142.3 
kg, 6.75 and 7.69 kg, and 35.3 and 36.5 kg at 377 and 369 days of age respectively. Dry 
matter (DM) intake from the roughage part of the diet was 35.3 and 48.8 % of total 
DM intake and total intake in g/kg LWT°•75  was 90.5 and 87.0 in H/S and G/S 
groups on an average. 

In H/S and G/S groups the average nutrient intake per kg LWT gain was 5.32 and 
5.44 kg DM, 4.72 and 4.82 FU, 511 and 575 g DCP. Intake per kg carcass gain was 
11.5 and 11.4 kg DM, 10.2 and 10.1 FU, 30.9 and 30.1 MCal ME, 1.1 and 1.2 kg DCP 
respectively. 

Energy and protein expenditure levels of the animals of the present study were in 
good agreement with the recommendations laid down by ARC as well as Finnish 
authorities for beef production. 

Compared to males, the feed expenditure per unit LWT and carcass gain was lar-
ger in females. Females gained more slowly, their carcass contained less meat and 
bone but more fat and the number of days spent in the experiment was also higher. 

Effects of individual dietary factors and roughage/concentrate (R/C) ratios on in-
dividual production parameters in H/S and G/S groups were studied in detail from 
the male data. Significant differences were seen between the two roughage groups. 
For instance DCP component of fresh roughages in particular had positive effect on 
beef production parameters. Increasing levels of nitrogen free extract (NFE) from 
roughage in turn excerted a negative effect on beef production. So did silage ASU. 
Concentrate energy had stimulatory effect on beef production parameters in general, 
and the positive effect was also obviously due to mineral mixtures added in the con-
centrate portion of the diet. 

Index words: growing cattle, roughage/concentrate ratio, chemical diet components, 
fresh vs. dry roughages, growth rate, carcass composition, feed conversion. 
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INTRODUCTION 

In Finland beef is derived from dairy animals 
because maintenance of pure beef breeds is une-
conomical due to the short pasture season. A 
long indoor feeding period requires intensive 
beef raising systems in order to be profitable. 
Since the early 1970's the Department of Ani-
mal Husbandry, Agricultural Research Centre 
has been involved with improvement of dairy 
beef production systems. When the Lintupaju 
Beef Experiment facilities became available in 
1974, series of experiments were carried out 
with pure dairy as well as crossbred calves. Many 
experiments were done in cooperation with the 
Department of Animal Breeding. One of the 

main purposes was to find appropriate feeding 
systems based on domestic feed resources (pas-
ture grass, silage, hay, straw, barley, oats, wheat, 
molasses, beet-pulp, low-molasses-pulp, residues 
of wood industries etc). Mineral and vitamin 
supplementation received special attention. 

The purpose of this study was to investigate, 
whether type of roughage, and/or individual 
chemical components of the diet appreciably af-
fected the growth rate, feed conversion rate, 
and yields of carcass, meat, fat and bone in pure-
bred or crossbred dairy beef animals. Attention 
was also paid to economic result of the dairy 
beef production. 

MATERIAL AND METHODS 

The experiments included in this study were 
carried out in Lintupaju Beef Experiment facili-
ties of the Department of Animal Husbandry, 
Agricultural Research Centre, Jokioinen. 

Animals 

Majority of the calves of this study were deri-
ved from the dairy herd of Jokioinen Estate 
owned by the Agricultural Research Centre. 
The rest of the calves were obtained from pri-
vate dairy herds located within the same Artifi-
cial Insemination District. Usually the calves 
were brought to Lintupaju Beef Experiment fa-
cilities at 1 to 2 weeks of age and then were 
raised in the calf starter experiments up to 8 
weeks of age. The starter experiments are not 
included here. Breed, sex and number of those 
animals which were selected from 12 different 
experiments for this study, are shown in Table 
1. Only animals whose carcass had been dissect-
ed were included. 

Table 1. Number, breed and sex of the animals in the 
different experiments. 

Experiment 
no. 

AyAy 
cr 9 

FrAy 
cr 9 

ChAy 
cr 9 

HfAy 
cr 9 

FrFr 
d 

1 15 12 
3 16 8 8 
4 16 16 
5 29 
6 15 16 
7 33 6 
8 95 12 10 
10 24 
11 16 4 4 4 4 
13 8 4 4 
14 48 
15 16 8 16 8 
total 245 4 38 8 24 14 44 12 16 

Feeding and management 

The animals were kept as tied up in the stall 
and fed individually. Feed intake was measured 
daily. Water was available ad lib. The animals 
were weighed at the beginning, every 28th day, 
and at the end of the experiment. The experi-
mental designs are summarized in Appendix 1, 
which also gives some details about feeds and 
feeding of the animals in different experiments. 
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Feed sampling and analysis 

Grass samples were taken every other day from 
the newly cut load of grass. Silage samples were 
collected every forthnight directly from the si-
lo, each sample representing the quantity of si-
lage expected to be consumed during the two 
forthcoming weeks of the experiment. Dry 
feeds were sampled daily over each 4-week peri-
od, these samples were then throughly mixed 
and a representative sample was taken for feed 
analysis. 

Feed analysis was done according to A.O.A.0 
(1965) from samples dried at 60 °C for 14 
hours. Dry matter was determined at 105 °C 
overnight. Silage samples were dried 2 h at 80 
°C and then 14 h at 102 °C. 

Estimation of the nutritive value of 
experimental feeds 

Digestibility coefficients used for different 
feeds in this study have been listed in Appendix 
2. Part of the digestibility coefficients were de-
rived from in vivo experiments with sheep 
using total collection method in latin square 
experimental designs, and part of them were 
derived from the feed tables of NJF (1969). 
Feed unit (FU) value of the feeds was calculated 
by using the multipliers of starch unit system 
(Appendix 3). Then fiber correction was made 
for grass and hay whereas ali other feeds were 
subjected to corrections with value number 
(W). Value numbers can be seen in Appendix 2. 
One feed unit corresponds to 0.7 starch units. 
Metabolizable energy (ME) content of experi-
mental feeds was calculated from the digested 
feed components by using multipliers given in 
the Appendix 3 which gives ME in megacalo-
ries. 

Carcass 

cated at Forssa and slaughtered. The carcasses 
were classified on the basis of muscularity and 
fatness. Then they were dissected into meat, 
fat, bone and tendons as described by Ruo-
HOMÄKI (1975). The price obtained from the 
carcass is based on classification results, cool 
carcass weight, size of the carcass and Govern-
ment subventions. Cool carcass weight is about 
3 % smaller than the warm one. 

Estimation of animal and feed costs and 
income from carcass 

The price of the calf at the beginning of the 
experiment was estimated by using following 
recommendations valid in July 1985: 

Male Ay-calves of 50 kg live 
weight (LWT) 	 1080:— FMK 
Female Ay-calves of 50 kg LWT 	530:— FMK 
Heavier calves: 50-100 kg LWT 	14:— FMK/kg LWT 

100 kg and over 	12:— FMK/kg LWT 
Breed extra: Charolais 	+ 300:— FMK/calf 

Friesian 	+ 200:— FMK/calf 
Hereford, Angus + 150:— FMK/calf 

The carcass prices were calculated according 
to the price list of Forssa in abbatoir on July 
18th, 1985 which included the subvention paid 
by the Government at that time. Male carcasses 
were priced on the basis of the best class E+ 
and female carcasses on the basis of the second 
best class E. Most of the females were cross-
breds, and they had only moderately fat (9 %) 
in their carcass on the average (Table 2); males 
had 4 % respectively. 

The feed costs were estimated assuming that 
one FU of any feed equalled the price of one kg 
(one FU) of barley basic price (1,7063 FMK) va-
lid at Forssa market on July 22nd, 1985. 

Statistical study on the effects of the diet on 
the beef production performance parameters 
in male calves 

At the end of each experiment the animals were The data was processed in the Computer Cen-
weighed, transported to the nearby abattoir lo- ter of Agricultural Research Centre. The statis- 
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Table 2. Number of animals, age and live weight in the beginning and end of the experiment, length of the experiment, 
live weight gain per day, dressing percentage, carcass weight gain and carcass composition on the average in hay-straw and 
in grass-silage groups, and in males and females. 

Group N Age days 

1 	2 

Length of 
experi- 
ment days 

LWT kg 

1 	2 

LWT 
gain 
g/day 

Carcass 
% of 

kg 	LWT 

Carcass 
wt gain 
g/day 

Carcass composition, kg 

Meat 	Fat 	Bones 

Hay-Straw 1) 134 97.7 371.6 274.8 98.7 385.0 1043 178.8 46.4 485 135.5 6.75 35.3 
±25.32 ±22.92 ±27.17 ±26.75 ±40.34 ±104 ±22.17 ±2.08 ±59 ±18.07 ±2.67 ±4.39 

Grass-Silage 1) 233 117.1 368.7 252.6 126.2 389.9 1030 188.5 48.3 498 142.3 7.69 36.5 
-1-54.18 ±33.48 ±65.44 ±63.94 ±58.32 ±139 ±31.34 -1-1.78 ±74 ±23.53 ±4.47 ±5.59 

Ali d' 367 110.0 369.0 260.7 116.2 388.1 1035 185.0 47.6 493 139.8 7.34 36.0 
±46.71 ±30.05 ±55.66 ±55.01 ±52.47 ±127 ±28.70 ±2.09 ±70 ±21.92 ±3.93 ±5.21 

Ali ? 38 92.0 394.0 303.2 96.9 370.7 908 176.6 47.6 433 127 15.96 31.9 

1) males only; 1 = in the beginning, 2 = in the end, LWT = live wight. ± SD. 

tical calcultions were done according to DRA-

PER & SMITH (1966, p. 171) and SEARLE (1971, 
p. 337). 

Multiple stepwise regression analysis was 
used in handling the data obtained from the 
367 male calves. Hay/straw (H/S) (N = 134) 
and grass/silage (G/S) (N = 233) groups were 
treated separately and as combined, in order to 
find out whether and to which extent the type 
of roughage in the diet affected the performan-
ce of animals. The following dependent vari-
ables were used as beef production performance 
criteria: 

LWT at the end of the experiment, kg 
Increase of the LWT during the experiment, kg 
LWT gain, g/day 
Carcass weight, kg 
Increase of the carcass weight during the experiment, kg 
Carcass gain, g/day 
Carcass meat yield, kg 
Carcass fat yield, kg 
Carcass bone yield, kg 

Variations in each dependent variable were ex-
plained by the following six models, ie. by six 
different combinations of independent variables 
concerned with the diet and its components, 
one model at a time (see the abbreviations of 
Table 5). R/C = roughage-concentrate ratio. 
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Model Independent variables 
no. 
1 	Number of the experiment (12 experiments) 

Breed of the animal (5 breeds) 
LWT in the beginning of the experiment, kg 
FU intake/day/animal 
DCP intake/day/animal, kg 
DM intake/day/animal, kg 

2 	Number of the experiment (12 experiments) 
Breed of the animal (5 breeds) 
LWT in the beginning of the experiment, kg 
ASH intake/day/animal, kg 
CP intake/day/animal, kg 
EE intake/day/animal, kg 
CF intake/day/animal, kg 
NFE intake/day/animal, kg 

3 	Number of the experiment (12 experiments) 
Number of breeds (5 breeds) 
LWT in the beginning of the experiment, kg 
FU intake from roughage/day/animal 
FU intake from concentrate/day/animal 
DCP intake from the whole diet/day/animal, kg 

4 	Number of the experiment (12 experiments) 
Number of breeds (5 breeds) 
LWT in the beginning of the experiment, kg 
R/C ratio for FU intake 
R/C ratio for DCP intake 
R/C ratio for DM intake 

5 	Number of the experiment (12 experiments) 
Number of breeds (5 breeds) 
LWT in the beginning of the experiment, kg 
R/C ratio for ASH intake 
R/C ratio for CP intake 
R/C ratio for EE intake 
R/C ratio for CCH intake 

6 	Number of the experiment (12 experiments) 
Number of breeds (5 breeds) 
LWT in the beginning of the experiment, kg 
R/C ratio for ASH intake 
R/C ratio for CP intake 
R/C ratio for EE intake 
R/C ratio for CF intake 
R/C ratio for NFE intake 



The initial carcass weight was assumed to be 50 
% of the initial LWT. 

/3-coefficient shows the magnitude of the ef-
fect of independent variable on dependent vari-
able (= production parameter) and the sign of 
the /3-coefficient shows whether the effect is  

positive or negative when the effects of other 
variables in the given model are held constant. 
F value indicates the significance of the effect of 
independent variable on dependent variable (see 
Appendix 4). 

RESULTS 

The data on 367 males was divided into two 
groups, i.e. one which in addition to concentra-
tes had received only dry roughages (hay, straw, 
N = 134) and another which had received only 
fresh roughages (grass, silage, N = 233) (Tables 
2-7). The number of females was so small that 
they were treated as one group only. 

The general averages are given in Table 2 se-
parately for two roughage groups (H/S and 
G/S) as well as for both sexes. 

Age of the animals, length of the experiment, 
rate of gain and carcass parametres 

Roughage groups 
The animals in H/S group started the experi-
ment at 97.7 days of age and finished it at 371.1 
days on the average (Table 2). The animals in 
G/S group were 19.4 days older at the begin-
ning but 2.4 days younger at the end of the ex-
periment compared to H/S group. LWT and 
carcass gains were quite similar in both groups. 
G/S group had higher carcass weight, dressing 
percentage and meat, fat and bone yields com-
pared to H/S group. 

Males vs. females 
Females, which were mainly crossbred animals, 
were smaller at the beginning of the experi-
ments on an average, their rates of LWT and 
carcass gain, and LWT and carcass weights and 
meat and bone yields were smaller but fat yield 

higher as compared to males. In both sexes, the 
average dressing percentage was the same (Tab-
le 2). 

Gross composition of ingested roughage and 
concentrate 

As can be seen from Table 3, the ingested rough-
age of G/S group contained more ASH, CP, 
EE, FU, ME and DCP and less CF, NFE and 
CCH compared to H/S group. Ingested con-
centrate in H/S group contained little more 
ASH, CP, CF and DCP but little less EE, 
NFE, CCH, FU and ME compared to G/S 
group. 

Table 3. Gross composition of ingested roughage and 
concentrate portions of the diets in Hay-Straw and Grass-
Silage groups (on dry matter basis). 

Component 
Hay-Straw 

Roughage 	Concentrate 
Grass-Silage 

Roughage 	Concentrate 

Ash % 7.76 7.27 11.10 5.25 
CP % 10.16 15.01 17.15 13.38 
EE % 2.09 2.12 4.72 2.56 
CF % 33.49 7.35 27.04 5.43 
NFE % 46.35 68.16 39.76 73.20 
CCH % 79.89 75.54 66.84 79.36 
FU/kg DM 0.61 1.04 0.68 1.08 
ME MCAL/ 
kg DM 2.20 2.95 2.22 3.03 
DCP g/kg DM 68 112 114 98 
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Table 4. Nutrient intakes per kg of live weight and carcass gain. 

Group N 
Intakes/kg LWT gain 
DM 	FU 	DCP 
kg 	 g 

Intakes/kg of carcass gain 
DM 	FU 
kg 

ME 
MCAL 

DCP 
kg 

Hay-Straw 134 5.32 4.72 511 11.540 10.190 30.941 1.101 
±1.220 ±0.933 ±3.100 ±0.133 

Grass-Silage 233 5.44 4.82 575 11.394 10.098 30.106 1.203 
±2.048 ±1.913 ±5.565 ±0.234 

Ali cr 367 5.38 4.78 551 11.447 10.132 30.411 1.166 
±1.791 ±1.624 ±4.862 ±0.208 

Ali ? 38 5.92 5.20 622 12.527 10.973 32.810 1.319 

Nutrient intakes per kg live weight and 
carcass weight gains 

Table 4 shows that the type of roughage had 
very little effect on DM and FU intakes per kg 
LWT gain. Sex had clear effect on these 
intakes which seem to be higher in females than 
in males. DM, FU and ME intakes per kg car-
cass weight gain were little larger in H/S than 
in G/S group while reverse was true with DCP. 
Females utilized more nutrients per kg carcass 
weight gain compared to males. 

Average daily nutrient intakes from roughage 
and concentrate 

Table 5 indicates that G/S group received more 
nutrients from roughages and less from concen-
trates per day per animal in terms of kg airdry 
feed, DM, ASH, CP, EE, CF, NFE, CCH, 
FU, ME and DCP as compared to H/S group. 

Males, on the other hand, received less nut-
rients from roughages and more from concen-
trates than females. 

Total daily nutrient intakes and ratio of 
intake from roughage to concentrate 

Total daily intakes of different nutrients were 
higher in G/S group with exception of CF, 
CCH, NFE and ME, which were higher in H/S 
group (Table 6). Males had higher total daily 
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nutrient intakes compared to females. Females 
had higher ratio of intake from roughage to in-
take from concentrate. 

Economic results according to the type of 
feeding and sex of animals 

Effect of roughage 
Table 7 shows that the price of the calf was 
lower in H/S than in G/S group because the 
calves were younger in the former group at the 
beginning of the experiments on an average. 
Higher feed cost in H/S group was due to lon-
ger experimental period (Table 2). G/S group 
had higher income from the carcass and higher 
benefit compared to H/S group. 

Income from carcass was broken down into 
calf price, feed price and benefit (in %). The 
relative benefit was found to be quite similar in 
both feeding groups. In H/S group, calf and 
feed prices consisted of 34.85 and 44.36 % of 
the carcass price respectively, while in G/S 
group these figures were almost equal (39.51 
and 39.02 %). Cost/benefit ratio was little high-
er in H/S than in G/S group. 

Effect of sex 

Sex had a very strong influence on calf price 
(Table 7). At the beginning of the experiment 
female calf price was only 1387:— while male 
calf price was 2041:— FMK per head on an aver-
age. Feed cost of males was lower than that of 
females. 
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Table 7. Calf and feed costs, income from carcass, breakdown of costs and benefit and cost-benefit ratio in the two feeding 
groups and in both sexes. 

Group 	 N Cost of Income from Benefit Breakdown of income from Cost- 
calf 	 feed carcass per head carcass into benefit 
FMK 	FMK FMK calf 	feed 	benefit ratio 

Hay/Straw 	134 1813:— 	2308:— 5203:— 1082:— 34.85 	44.36 	20.80 3.81 
Grass/Silage 	233 2167:— 	2140:— 5485:— 1178:— 39.51 	39.09 	21.48 3.65 
Ali males 	367 2041:— 	2202:— 5384:— 1142:— 37.91 	40.89 	21.20 3.72 
Ali females 	38 1387:— 	2440:— 4918:— 1090:— 28.19 	49.63 	22.17 3.51 

Income from the carcass was however con-
siderably higher in males than in females and 
this resulted in higher profit in males than fe-
males. Table 7 shows that the price of the calf 
was 37.91 % in males but only 28.19 % in fe-
males from the carcass price. The share of feed 
was 40.89 % in males and 49.63 % in females 
from the carcass price. Relative benefit was 
slightly larger in females compared to males. 
Cost/benefit ratio was thus slightly larger in 
males than in females. This result shows that in 
prevailing feed and calf price conditions female 
calves are economically as good beef producers 
as males. Capital interest for calf price was not 
taken into the consideration here. 

Results from the statistical analysis 

Ali models 
Number of experiment, breed of the animals 
and LWT in the beginning of the experiment 
were included as independent variables in all of 
the six models studied here. In general, ali these 
three variables had significant effect on ali the 
dependent variables (production parameters), 
see Appendix 4. Size of the animal in the be-
ginning of the experiment was in general posi-
tively related with the size o.  f the animal (live 
weight) in the termination of the experiment, 
as well as with weight of carcass and yields of 
meat, fat and bone, whereas negative relations 
were seen in relation of total and daily LWT 
and carcass weight gains. Only average effects 
of the number of the experiment and the breed 
of the animals are given here. 

Model 1. 
This model studied the effects of total daily FU, 
DCP and DM intakes on production parame-
ters. FU intake was found to be positively rela-
ted with most of the production parameters. 
DCP intake in turn was positively related to 
the weight of the carcass and total as well as 
daily carcass gains in G/S and in ali animals 
group, but not in H/S group. DM intake was 
positively related with final LWT and with to-
tal and daily LWT gains as well as bone yield in 
G/S and in ali animals group and with daily 
carcass gain in G/S group. Significant negative 
relations were found between DM intake and 
carcass weight as well as meat yield in H/S 
group. 

Model 2. 
This model studied the effects of individual 
chemically determined diet components on 
production parameters. Total ASH intake had 
positive effect on ali other production parame-
ters in general except on bone yield. CP had 
positive influence only on final LWT and total 
LWT gain in H/S group. EE had plus effect on 
final LWT, carcass weight, total LWT gain, 
total carcass gain, carcass gain per day and meat 
and fat yields n G/S and in the ali animals-
group. CF had significant negative effect on 
LWT and LWT gain in H/S group. CF had 
also significant negative effect on carcass weight 
and on total and daily carcass gains and meat 
yield in H/S and in the ali animals-group. NFE 
had positive effect on ali production traits ex-
cept on bone yield in ali three groups. 
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Model 3. 
This model estimated the effects of daily FU 
intake from roughage on one hand and from 
concentrate on the other hand and total daily 
DCP intake from the whole diet on production 
parameters. FU intake from roughage was posi-
tively related with final LWT, total and daily 
LWT gains, carcass weight, and total and daily 
carcass weight gains in ali groups except with 
carcass weight in G/S group. Compared to 
roughage, FU intake from concentrate had more 
prominent influence on production parameters 
being positively related in addition to LWT 
and carcass parameters, also with meat, fat and 
bone yields. Total DCP intake had positive ef-
fect on production parameters particularly in 
G/S and in ali animals groups. 

Model 4. 
It was found that when the portion of FU in-
take from roughage increases there is a signifi-
cant decrease in each production parameter ex-
cept in carcass fat and bone yields in G/S 
group. In H/S group such effects were nonsig-
nificant respectively. Model 4 shows also, that 
if the relative intake of DCP from roughage 
part of the diet increases, this has significant 
positive effect on each production parameter 
except on carcass fat yield (nonsignificant ef-
fect), particularly in G/S and in ali animals 
group. R/C ratio of DM intake was found to 
have significant negative effect on ali produc-
tion parameters particularly in H/S and in ali 
animals group. 

Model 5. 
R/C ratio of ASH was negatively related with 
carcass weight and meat yield in G/S group. 
R/C ratio of CP was positively related with fi-
nal LWT, total and daily LWT gains and daily 
carcass weight gain in G/S group and in ali 
animals group, and with carcass weight, total 
carcass weight gain and meat yield in H/S 
group and with carcass weight, total and daily 
carcass gains and meat, fat and bone yields in 
ali animals group. R/C ratio of EE did not have 
any significant effect on production parameters 
while the R/C ratio of CCH had significant 
negative effect on production parameters in gen-
eral this effect being more consistent in H/S 
than in G/S group. 

Model 6. 
R/C ratio of ASH had a significant negative re-
lation with carcass weight and with total car-
cass gain in G/S group. Compared to the re-
sults obtained from model 5, ratio of CP had 
similar, but less consisted significant positive ef-
fect on several production parameters particu-
larly in G/S and in ali animals groups. R/C ra-
tio of EE did not have any significant effect on 
production parameters. R/C ratio of CF had 
significant negative effect on carcass fat yield. 
Correspondingly R/C ratio of NFE had signifi-
cant negative effect on the majority of the pro-
duction parameters in similar pattern than 
CCH in model 5. 

DISCUSSION 

Gross composition of the diet 

Figures in Table 3 show that there were diffe-
rences especially in the chemical composition of 
roughage component in the two roughage 

groups: grass/silage component of G/S group 
contained more ASH, CP, and EE but less CF 
and NFE than hay/straw component of H/S 
group, on an average. Effects of feed compo-
nents on production parameters are discussed 
below. 
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Dry matter intake 

In England, metabolizability (q) of the diet is 
used to express the energy density of the diet 
DM (ARC 1980 p. 61). q can be converted into 
MJ ME/kg DM by multiplying it with 18.4. If 
q = 0.6 then DM intake is 88 g/kg LWT0•75  on 
coarse diet and 88.84 g respectively on fine diet, 
in growing cattle. In the present study, average 
LWT in kg during the experimental period, 
DM intake g/kg LWT(175, ME content in MJ, 
and q value of the diet in the two roughage 
groups and in ali males and females, were: 

Group Average LWT 
in kg 

DM intabe75  
g/kg LWT ' 

ME MJ 
kg DM 

q value of 
the diet 

H/S 242 90.5 11.25 0.61 
G/S 258 87.0 11.05 0.60 
Males 252 88.3 11.12 0.60 
Females 234 90.0 10.96 0.60 

The figures in the above compilation show that 
DM intake (88.3 to 90.5 g/kg LWT°•75) of the 
different groups of animals in the present data 
was in good agreement with the values (88 g) 
given by ARC (1980, p. 61). H/S group had 
slightly higher DM intake per unit LWT°-75  
than G/S group, although energy density of the 
diet DM was almost the same in the two 
groups 0.61 and 0.60 respectively. 

In the study of HUHTANEN et al. (1983), 50 
bull calves, most of which were pure dairy ani-
mals (36 AyAy, 9 FrFr, 3 FcFc*, 1 HfAy, 1 
FrAy), with initial age of about 95 days and fi-
nal age 333 days and final LWT 379 kg, with 
LWT gain in g/day about 1200 g, carcass 
weight 187 kg, and dressing % 49.3, on an ave-
rage, the feed expenditure was quite high: 5.60 
kg DM/kg LWT gain, 5.36 FU/kg LWT gain, 
580 g DCP/kg LWT gain, 114 g DM/kg 
LWT(175  and 10.93 FU/kg carcass gain. 27.4 % 
of total DM intake was derived from roughage 
throughout the most part of the experiment. 
For instance the DM intake in g/kg LWT°•75  in 
their study, was nearly 30 % greater and FU 

* FcFc = pure Finncattle 

expenditure/kg LWT gain was 12 % larger as 
compared to the values obtained in the present 
study. The discrepancy could be explained by 
the fact that their study was carried out on a 
private farm, where it is difficult to conduct 
strictly controlled feeding trials. 

Energy intake 

According to ARC (1980 p. 97) and HOFF-
MANN et. al. (1981), approximately 460 kJ 
ME/kg LWT°•75  is needed for maintenance of 
growing cattle at LWT range from 100 to 400 
kg. Assuming that the rate of LWT gain has 
proceeded linearly (ref. LEHMANN 1980 a) from 
about 116 to 388 kg LWT in the animals of the 
present study, it is possible to estimate the 
amount of energy used for maintenance and for 
growth physical activities. Such estimates are 
given below: 

Maintenance 	Growth+physical Total % of energy used 

	

activities 	 for growth 

	

in MJ ME per day per animal 	 + activities 

H/S 28.2 34.2 62.4 54.8 
G/S 29.6 32.3 61.9 52.2 
Males 29.1 33.0 62.1 53.1 
Females 27.5 31.5 59.0 53.4 

Above figures indicate that H/S group used 
slightly more energy for growth 	activities 
than G/S group. Total daily energy intake was, 
however, very similar in both groups. Males 
used more energy for maintenance than females 
and the same was true with energy expenditure 
for growth and activities. Percentage of energy 
intake used for other purposes than mainte-
nance was very similar in ali four groups. 

According to ARC (1980, p. 107, Table 3,19) 
growing bulls, with medium mature size, gai-
ning 1000 g LWT/day within LWT range of 
200-300 kg, fed on diet with q = 0.6, require 
50-65 MJ ME/day, which figure is in good 
agreement with the figure obtained for ali bull 
calves (62.1 MJ ME) in the present study. ARC 

Group 
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(1980, p. 110, table 3,24) gives 56-73 MJ- ME/ 
day for heifers respectively, which figures agree 
with 59 MJ ME/day/heifer in the present data, 
on an average. 

Finnish feed tables (SALO et al. 1982, p. 59) 
recommend 4.75 FU/day for a bull calf with 
LWT gain of 1000 g/day within the LWT ran-
ge of 200-300 kg, and 4.7 FU/day for a heifer 
calf gaining 900 g/day respectively. In the pre-
sent study, bull calves utilized 4.95 FU and hei-
fers 4.42 FU/day (Table 6). When FU intake is 
adjusted to correspond 1000 g and 900 g LWT 
gain/day respectively, then the males have used 
4.8 FU and females 4.7 FU/day, which figures 
are in good agreement with Finnish recommen-
dations. 
POUTIAINEN & TUORI (1974) found that 
energy expenditure of bull and heifer calves was 
4.10 and 4.49 FU/kg gain respectively between 
122 and 233 days of age when fat accumulation 
into the body is still quite small. LWT gain/day 
was higher in males (1087 g) than in females 
(941 g). In the study of KOSSILA & HUIDA 
(1976) performance of bull and heifer calves 
between 77-205 days of age was: LWT gain 
1148 and 1002 g/day, FU expenditure/kg LWT 
gain 3.5 and 3.85; and between 233-345 days 
of age: 1121 and 924 g LWT/day and 5.08 and 
5.88 FU/kg LWT gain respectively. In the pre-
sent study, bull and heifer calves gained 1035 
and 908 g LWT/day and consumed 4.78 and 
5.20 FU/kg gain respectively (Tables 2 and 4). 

Average age of the animals at slaughter was 
371.6 and 368.7 days in H/S and G/S groups 
respectively (Table 2), but the length of the 
experiment was shorter (252.6 days) in the lat-
ter than in the former (274.8 days). The mean 
age during the experiments was 235.1 and 242.9 
days respectively, the difference between the 
two groups being of 7.8 days on an average. 
Presumably the age difference did not have 
much influence on energy expenditure/unit 
LWT of carcass gain these two groups. 

Plane of nutrition 

Plane of nutrition, age and sex of the animals, 
interaction of the diet components etc. influen-
ce on energy expenditure per kg LWT or car-
cass gain. JOHNSSON & ÖHLMER (1972) found 
higher energy expenditure per kg gain on high 
plane (26.5 Mcal ME) than on low plane (19.3 
Mcal ME) feeding. A number of studies, ie. 
REFSGAARD ANDERSEN (1975), have shown 
that feed comsumption per unit of LWT gain 
increases with increasing slaughter weight (or 
age or LWT). In the present study, animals re-
ceived variable amounts of concentrate with ad 
lib. roughage intake (Appendix 1), and the 
feeding system was an intensive one. Energy ex-
penditure per kg LWT and carcass gain can be 
seen in Table 4, which gives expenditures of 
ME in Mcal and FU per kg LWT and carcass 
gains. Following compilation gives ME expendi-
ture in MJ in different groups: 

Group ME in MJ/kg LT gain ME in MJ/kg carcass gain 

H/S 70.5 128.7 
G/S 64.9 124.4 
Males 66.9 125.9 
Females 72.7 136.2 

Above numbers show that G/S group and males 
used less energy/unit gain compared to H/S 
group and females. 

JOHNSSON (1973a p. 127, 1973b) conducted 
three separate experiments on energy expendi-
ture per kg carcass gain with animals fed differ-
ent portions of concentrates in their diets. 
Energy expenditure per kg carcass weight in-
creased from 26 MCal ME at 10 % roughage 
level to 36 MCal ME at 90 % roughage level 
and there was a decrease in the LWT gain/day 
of about 150 g respectively. In animals with 
carcass weight of 239-289 kg, energy expendi-
ture was 32.6 to 36.3 MCal ME/kg carcass gain 
(136.4 to 151.9 MJ ME) and, DM intake was 
6.5-7.1 kg/animal. Compared to the results of 
the present study (Table 4), energy expenditure 
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per kg carcass weight was somewhat larger in 
jOHNSSON's study, part of this is likely due to 
larger carcass weights in his data. In the present 
study DM intake from roughage in H/S group 
had negative effect on production performance, 
which result is in agreement with results of 
JOHNSSON, who used artificially dried rough-
age in his experiments. Drying of forage acts 
negatively on its production potential (see p. 
25, 32). 

Protein intake 

Protein requirements are expressed in many 
ways, some of which are observed here. DCP 
intake was somewhat lower per kg LWT gain 
in H/S (511 g) than in G/S (575 g) group and 
lower in males (551 g) than females (622 g) 
(Table 4). DCP in g/FU was 108, 119, 115 and 
120 g in H/S, G/S, males and females respecti-
vely. Finnish feed tables recommend 105 g 
DCP/FU for cattle gaining 1000 g/day between 
LWT range of 200-300 kg (SALO et al. 1982). 
In the present study, intake level of DCP in the 
different groups was above these recommended 
levels. 

Average daily DCP intake (Table 6) was so-
mewhat lower in H/S (534 g) than in G/S (591 
g) group and lower in females (565 g) than males 
(571 g). Higher DCP intakes were due to high 
DCP contents of silage in the diet. 

Based on the results obtained from practical 
trials, ARC (1980, p. 160, fig. b) proposes CP 
allowance in g/kg LWT in relation to LWT 
gain in g/kg LWT, for cattle of 200-300 kg 
LWT, with mean LWT of 259 kg. Average 
LWT of the animals of the present study is  

close to this 259 kg mean LWT (see below). 
Compilation below gives the mean LWT in kg 
during the experimental period, LWT gain in 
g/kg LWT, and intake of CP in g/kg LWT se-
parately for the H/S, G/S, males and females 
groups respectively: 

Group Mean LWT, kg during 
the experimental period 

LWT gain in 
g/kg LWT 

Intake of CP 
in g/kg LWT 

H/S 242 4.31 3.05 
G/S 258 3.99 3.24 
Males 255 4.10 3.17 
Females 234 3.88 3.38 

Average intake of CP in g/kg LWT in the four 
groups of the present study has exceeded the 
CP intake of about 2.60-2.75 recommended 
by ARC for the kind of animals of the above 
compilation. ARC (1980, p. 151, Table 4,14) re-
commends also rumen degradable protein 
(RDP) levels for growing cattle. For instance 
growing bulls gaining 1000 g/day LWT be-
tween LWT range of 200-300 kg require 
390-510 g RDPiday provided that the metab-
olizability (q) of the diet is 0,6. 

In the present study, q of the diet of the four 
groups was approximately 0.6 (see p. 12). 
Compilation below shows CP intake in g/day, 
degradability of dietary CP in %, RDP intake 
in g/day, RDP requirement in g/day, and RDP 
intake in excess to recommended level in g/day 
and in %, separately for the four groups on an 
average. Degradability of CP, according to 
Finnish feed tables (SALO et al. 1982 p. 60), is: 
silage 85 %, normal hay 60 %, dried barley, 
oats and wheat 85 %. These figures were used 
in estimating approximate degradability of the 
diet in the four groups of the present study: 

Mean 	CP 
LWT gain 	intake 

Group 	g/day 	g/day 

Rumen 	RDP 
degrada- 	intake 
bility 	g/day 
of diet 
CP, % 

RDP 
require-
ment 
gidayl 

Excess intake 
of RDP 

g/day 

H/S 1043 738 81 598 480 118 25 
G/S 1030 835 85 710 473 237 50 
Males 1035 799 83 663 476 187 39 
Females 908 791 83 657 418 239 57 

According to ARC (1980) 
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Values in the above compilation show that 
RDP intake has exceeded from 25 to 57 % of 
the recommended values in the four groups. 
Referring to what was pointed out above, it is 
justified to say that the animals of the present 
study received enough or even some excess of 
CP for their requirements. 

Carcass composition 

Results in Table 2 indicate that some produc-
tion performance criteria of the male calves in 
H/S and G/S groups were similar ie. the rates 
of daily gain of LWT (1043 and 1030 g) and 
carcass weight (485 and 498 g). Compared to 
H/S groups, G/S group had slightly higher 
dressing percentage, which could reflect the less 
bulky roughage component in the diet of the 
latter. G/S group had also larger carcass as well 
as meat, fat and bone yields, although average 
age of the animals was slightly lower compared 
to H/S group. 

It is possible that breed of the animals had 
some effect on the results of the two roughage 
groups. In Finnish feeding experiments the car-
cass weight of bull calves of various breeds, at 
about 12 months of age, were of the following 
order: ChAy > FrFr > FrAy > HfAy > AyAy 
(KossiLA & RuoHomMu 1976, RuoHomÄKI 

KOSSILA 1976, RuoHomÄKI 1976, Ruo-
HOMÄKI 8C HAKKOLA 1978, RUOHOMÄKI 
1979b, 1980a, 1980b), the difference between 
the two extremes, ie. ChAy and AyAy, being 
around 13-14 % and the relative carcass 
weight being: AyAy 100, HfAy 103, FrAy 106, 
ChAy 113. In another study, compared to 
AyAy bull calves, FrAy had 8 %, FrFr had 11 % 
and ChAy 14 % larger carcass (RU0HomÄKI 
1979a). Within breeds, also the sire had signifi-
cant effect on performance (RU0HomÄKI  

1978a, 1978b). In this study, sire effect was not 
considered, but breed effect was taken into ac-
count in statistical study (Appendix 4). Relati-
ve numbers of different breeds in H/S and G/S 
groups were: ChAy 0 and 10 %; FrFr 0 and 
6,9 %; FrAy 16,4 and 6,9 %; HfAy 11,9 and 12 
%; AyAy 71,6 and 64 % respectively. These fi-
gures indicate that the animals in G/S group 
could have had slightly better production po-
tential on an average, compared to H/S group. 

Table 2 gives carcass composition in absolute 
terms. In relative terms, the average composi-
tion of carcass of the four groups was: 

Group Meat Fat Bone 

H/S 74.6 3.68 19.5 
G/S 74.3 3.89 19.1 
Males 74.4 3.82 19.3 
Females 70.5 8.80 17.8 

The share of the tendons in the carcass has not 
been considered at ali in this study, because it 
amounts to less than 2.2 % of the carcass 
weight. The figures in the above compilation 
indicate small differences between the two 
roughage groups, but rather large differences in 
the two sex groups. H/S group had slightly 
more meat and bones, but less fat, compared to 
G/S group. Higher fat content of the carcass 
of G/S group could depend on EE content of 
silage, which is responsible for the higher EE 
content of the diet of this group (Tables 5 and 
6). 

Females had more fat, but less meat and 
bones in their carcass compared to males. This 
holds true in case of ChAy, HfAy and FrAy 
crossbred calves slaughtered at about 12 
months of age (RuoHomÄKI 1980b). 

Following proportions of carcass were obtained 
for male calves of different breeds: 
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By RUOHOMÄKI (1980b) 
Breed meat fat 

AyAy 
HfAy 

253 
57 

73.2 
74.4 

4.6 
5.2 

FrAy 68 74.4 4.9 
FrFr - 
ChAy 56 76.2 3.5 

In the present study 
bone 

19.6 

N 

245 

meat 

74.2 

fat 

3.7 

bone 

19.7 
17.4 44 74.7 5.2 17.3 
18.8 38 74.7 3.7 18.9 
- 16 75.5 3.1 19.4 

17.9 24 75.3 3.4 18.8 

(age 387 days on an average) 

Animals in the present study had similar pro-
portions of meat and bone in their carcass, but 
fat content tended to be lower, compared to 
the results presented by RUOHOMÄKI (1980b). 

Performance and carcass composition of the 
animals vary from one experiment to another 
and from one experiment station to another 
(RUOHOMÄKI et al. 1974, KOSSILA & RUO-
HOMÄKI 1976a, RUOHOMÄKI 1976, RUOHO-
MÄKI & KOSSILA 1976, RUOHOMÄKI 1980b). 
Therefore the effect of the experiment was in-
cluded as independent variable in the statistical 
models used here (Appendix 4) (p.4). 

Fat content of the carcass of male calves was 
vety moderate in the present data, ie. 3.82 %. 
This is partly due to relative young slaughter 
age (369 days) and to the fact that males were 
intact. Castration increases carcass fat content 
(JOHNSSON & ÖHLMER 1972, ARTHAUD et al. 
1977) more strongly than plane of nutrition, 
however, in steers, plane of nutrition has highly 
significant effect (MARTIN et al. 1978). Age at 
slaughter has stronger effect on carcass fat after 
than before 12 months of age (JOHNSSON 
1973a,b, SCHULZ et al. 1974, RUOHOMÄKI 
1975, LEHMANN 1980b). Animals with small 
adult size accumulate fat earlier into their bodies 
compared to large size animals. Muscular ani-
mals are leaner at a given chronological age com-
pared to less muscular ones, and muscular ani-
mals are also more efficient feed converters 
(KAUFFMAN et al. 1977). 

Today's consumer looks for low fat meat. 
High fat content in the carcass is definitely an  

undesirable trait. In the present study, the male 
calves of twelve different experiments were 
slaughtered at different ages. Average carcass 
weight in these experiments varied from 160 to 
240 kg and carcass fat content varied from 2.86 
to 5.72 %. Carcass fat percentage increased by 
1 % with an increase of 23 kg in the carcass 
weight. 

Economic results 

Economic results (Table 7) were calculated ta-
king into consideration only the feed and calf 
prices and the carcass price, which three items 
make up the major components of the money 
flow in dairy beef production. Feed cost, al-
though close to the calf cost, was the major ex-
pence here. If the experiments had been longer 
then the share of the feed cost would have ex-
ceeded clearly the calf cost. Female calf raising 
benefitted of cheap calf price compared to 
males, and females actually produced slightly 
larger profit (22.1 %) compared to males (21.2 %). 
This was a bit unexpected surprise. Differences 
between the two roughage groups were quite 
small the benefit being 20.8 % in H/S and 
21.48 % in G/S groups. Cost-benefit ratio was 
slightly larger in H/S and in females (3.81 and 
3.72) compared to G/S and males groups (3.65 
and 3.51). Beef production is supported by Gov-
ernment subventions and economics of beef 
production is thus politically determined to 
some degree at least. 
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Statistical Study 

Model 1 
Model 1 studied-the relative importance of FU, 
DCP and DM intakes on production parame-
ters in the two roughage groups (Appendix 4). 
Total FU intake/day/animal was positively re-
lated with LWT parameters in H/S group and 
with ali carcass parameters (except bone yield) 
in ali three groups. In other words, the higher 
was the daily energy intake the better was the 
performance. Average daily FU intake was quite 
similar in H/S (4.922 ± 0.601), G/S (4.965 ± 
0.830) and ali animals groups (4.949 ± 0.754). 
The given figures show however, considerable 
variation between animals in FU intake in each 
group. This is partly due to differences in a) 
feed consumption ability of individual animals, 
b) age, c) breed, d) concentrate level of diet, e) 
roughages at different years. The effects of age, 
breed, initial size of the animal and experiment 
number have been taken into consideration. 

DCP intake had significant positive effect on 
carcass parameters especially in G/S group and 
in ali animals group. This observation suggests 
that silage (the main roughage component) 
contains a growth promoting DCP component. 

DM intake was positively and significantly 
related with ali LWT parameters, daily carcass 
gain and bone yield in G/S group. In H/S 
group DM intake had significant effect (nega-
tive) only on carcass weight and carcass meat 
yield. This phenomenon may reflect the influ-
ence of the bulk of the roughage part of the 
diet, which may have acted as performance 
limiting factor. 

Model 2 
Model 2 studied the relative importance of in-
dividual chemical components of the diet on 
performance parameters. It was interesting to 
note that total ASH intake had a significant 
positive effect on majority of the production 
parameters (Appendix 4). In G/S group 66 % 
of ASH was derived from roughage part of the 

diet and in H/S group 37 % respectively. Ad-
ded mineral mixtures were in the concentrate 
part of the diet. Sometimes silages contain quite 
high level of ASH. Part of silage ASH is 
derived as impurity from the soil during har-
vesting the raw material. If the raw material of 
silage is vety wet during ensiling, there may be 
large mineral losses with effluent and these loss-
es include the most soluble part of the minerals 
(KOSSILA et al. 1971, 1972, 1973, 1974, Kom-
MERI et al. 1977, RISSANEN & KOSSILA 1977, 
ETTALA & KOSSILA 1979, 1980). If the mineral 
content of silage raw material is initially low, as 
may be the case in North-Finland (LAKANEN 
1969, KOSSILA et al. 1973, KÄHÄRI & NISSI-
NEN 1978, PAASIKALLIO 1978), animals receiv-
ing silage based diets will not get enough min-
erals for their requirements and as a result vari-
ous deficiency signs may appear. KOSSILA et al. 
(1977) demonstrated, with growing ChAy and 
FrAy cattle, that silage based diet, not supple-
mented with mineral salt mixture, resulted 
quickly in serious mineral deficiency signs (par-
alysis, bone fractures, significant changes in 
blood parameters, cessation of growth etc). 
Administration of mineral salt mixture into the 
diet resulted in prompt recovery although ani-
mals with broken bones had to be slaughtered. 
Compared to mineral deficient animals, con-
trols had 10 kg heavier carcass at slaughter at 
the age of 436 days on an average. JOHNSSON 
et al. (1977) have demonstrated skeletal disor-
ders in fattening bulls kept on hay-concentrate 
diet. They showed positive growth response by 
increasing Ca content of the diet. Ca is the 
most important bone mineral. Growing cattle 
has about 39 % of Ca in bone ash (KOSSILA & 
HUIDA 1980). 

REFSGAARD ANDERSEN (1975) showed that 
the most intensive gain of bone tissue happens 
well before 200 kg LWT in cattle. LWT of 
cattle in the study of KOSSILA et al. (1977) was 
120 kg on an average when they showed signs 
of mineral deficiency. It seems that animals 
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with high growth potential and live weight un-
der 200 kg belong to a specific risk group. 

Total daily CP intake had significant posi-
tive effect only on final LWT and on total 
LWT gain in H/S group. 

Total CF intake had negative effect on LWT 
and carcass parameters in H/S group and this 
effect was reflected into ali animals group also. 
Major part of CF intake was derived from the 
roughage part of the diet ie. 71 % and 82 % in 
H/S and in G/S groups respectively. Presum-
ably fiber component of dry roughages is not 
so easily utilized as fiber of fresh roughages. In 
fact, VARVIKKO & LAMPILA (1983) found that 
apparent digestibilities in vivo of CF and NFE 
were significantly lower in dried than in similar 
grass ensiled as fresh. KLOSKOWSKI (1985) and 
KUCHBAUCH et al. (1986) reported that pro-
cessing of Festuca pratensis vegetation diminis-
hed significantly its contents of nonstructural 
carbohydrates as follows: untreated fresh < 
warm air dried < pole dried < ensiled as fresh. 
More microbial CP in g/100 g apparently diges-
ted OM was synthetized in the rumen of sheep 
fed fresh (24.6) forage compared to dried 
(15.1 g) forage (WALKER et al. 1975). 

Total daily intake of NFE acted positively 
and significantly in ali groups on all pro-
duction parameters, except on bone yield. 66 % 
and 73 % of total NFE intake was derived from 
concentrates in G/S and in H/S groups respect-
ively. NFE of concentrates consists mainly of 
starch. In addition of sugars, NFE of roughages 
contain soluble cellulose, hemicellulose, lignin, 
pentosans etc., which mostly have poorer pro-
duction potential compared to starch. It seems 
thus justified to say that the positive effect of 
NFE on production parameters has been main-
ly due to NFE component of the concentrate 
part of the diet. 

Total daily EE intake acted significantly and 
positively on ali production parameters except 
on bone yield in G/S and in ali animals group. 
EE contains first of ali energy, but it can also 
contain some biostimulators such as plant ste- 

roids and precursors of vitamin A, which have 
been shown to promote growth in certain con-
ditions. Effects of steroid hormones on growth 
of cattle have been reviewed recently (FAO 
1982). Of the fatsoluble vitamins, vitamin A 
has been shown to stimulate growth rate of 
calves even on silage based diets (KossiLA 
1978a). 

Model 3 
Model 3 demonstrates the relative importance 
of energy (FU) intake obtained from concen-
trate on one hand and from roughage on an-
other hand as well as total daily DCP intake, 
on production parameters. Results show that 
FU derived from concentrates had more signifi-
cant effect on production parameters in general 
compared to FU obtained from roughages. 
This concentrate effect is more prominent in 
H/S than in G/S group. Concentrate accounted 
for 78 % of daily FU intake in H/S group and 
63 % in G/S group (Tables 5 and 6). In order 
to maintain growth rate at certain level poor 
roughages (straw) need more concentrate sup-
plements compared to good quality roughages 
(good hay, silage) (KossiLA et al. 1979, ALAS-
PÄÄ & LAMPILA 1984). 

Total daily DCP intake had significant posi-
tive effect on ali production parameters parti-
cularly in G/S group. This was interesting ob-
servation since G/S group received actually 
more DCP/FU (119 g) compared to H/S group 
(108.5 g) on an average. Daily intake of DCP 
per animal was 591 ± 101 and 534 ± 90 g in the 
two groups respectively, yet the stimulative ef-
fect on growth parameters was stronger in the 
former group. G/S group received 52 % of 
DCP from roughage while H/S group received 
only 25 % respectively. DCP of grass silage 
may be a better "growth promotor" than DCP 
of dry roughages. In fact, carcass was 10 kg 
heavier and meat yield was about 7 kg higher 
on an average in G/S group compared to H/S 
group (Table 2). Muscle, fat and bone contents 
of carcass were quite similar however in G/S 
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group (75.5, 4.08 and 19.36 %) and in H/S 
group (75.8, 3.78 and 19.74 %) respectively. It 
has been shown that if CP or particularly sol-
uble nitrogen component increases in good 
quality silage there is also a significant increase 
in digestibility of the chemical components of 
silage (KossiLA et al. 1980). Higher DCP con-
tent of the diet in G/S group could have acted 
by increasing digestibility of the diet with sub-
sequent positive effect on production perfor-
mance. 

Model 4 
Model 4 was designed to clarify the relative im-
portance of roughage on one hand and concen-
trate on another hand as sources of FU, DCP 
and DM. Data analysis revealed that when R/C 
ratio of FU increased in G/S group there was a 
decrease in ali performance criteria except in 
carcass fat and bone yields. In other words, 
when the relative amount of energy (FU) from 
roughage increased there was a simultaneous 
decrease in production performance. This re-
sult suggests that FU of grass and silage is less 
effective in beef production than FU of con-
centrates. It seems that our feed evaluation sys-
tem overestimates net energy value of fresh 
roughage in such beef production systems in 
which concentrates form a variable part of the 
diet. In the present data the minimum concefi-
trate level was 1.5 kg/day/animal and the maxi-
mum was ad lib., which in practice reached the 
average level of about 4.5 kg/day/animal. 

Irevious studies have shown that addition of 
concentrates into grass silage diets promotes 
growth, increases carcass yields and improves 
quality of carcass (KossiLA & LAMPILA 1974, 
SUOMI et al. 1975b, MARTIN et al. 1978, AS-
TON & TAYLER 1980). Effect of concentrate' is 
exaggerated if silage quality is poor, but dim-
inished if silage is of very high quality (HAK-
KOLA et al. 1974, KOMMERI & KOSSILA 1976, 
VARVIKKO & LAMPILA 1984). 

In the present study apparent digestibility 'of 
silages was determined with wethers in vivo  

using silage as a single diet component at intake 
level just below maitenance requirements. In 
production trials, however, silages were fed to 
growing cattle ad lib. in combination with con-
centrates. Addition of concentrates into silage 
diet of sheep depressed digestibility of silage 
particularly if silage had been prepared from 
mature grass (KossiLA & KOMMERI 1977). 
Depressions were seen when concentrate (bar-
ley) constituted 38 % of DM intake or more 
(KossiLA 1977). LEHTINEN (1985) found that 
barley, fed at 25 % level of total DM intake to 
growing bulls kept on silage based diets, de-
pressed digestibilities of CP, EE and NFE and 
these depressions were magnified at 50 % bar-
ley level. Addition of pure starch or sugar into 
silage diet of sheep had either nonsignificant 
(SALO et al. 1973) or depressive effect on appa-
rent digestibility of silage OM, CP and CF 
(SYRJÄLÄ 1972). 

In several previous studies with growing 
cattle, elevation of concentrate portion of 
grass-silage based diets resulted in an increase 
of energy expenditure per kg live weight and 
carcass weight gains (KossiLA & LAMPILA 
1974, SUOMI et al. 1975a, SUOMI et al. 1977, 
VARVIKKO & LAMPILA 1984). 

It is of interest to note that R/C ratio of FU 
intake in H/S group failed to show any signifi-
cant effect on production parameters, perhaps 
because roughage part of this group was actual-
ly very small (Table 5) and there was less vari-
ation in R/C ratio of FU compared to G/S 
group. R/C ratio of FU intake was 0.363 ±-
0.247 in H/S group and 0.681 ± 0.411 in G/S 
group (Table 6). 

In the experiment of VARVIKKO & LAMPILA 
(1984) elevation of barley intake from 1.5 kg to 
3 kg/day/animal failed to increase rate of LWT 
gain or carcass gain significantly in Ay-bulls 
which were slaughtered at 431 days of age. Part 
of the extra concentrate energy was deposited 
into fatty tissues within intestinal tract, rumen, 
internal organs; 1.5 kg concentrate group had 
18.7 kg of such fat while 3.0 kg group had 27.2 
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kg respectively. In the present study, animals 
were slaughtered mostly at an earlier age (368 
days), and therefore accumulation of fat has 
played smaller role here. According to LEH-
MANN (1980b) accumulation of fat is much mo-
re prominent after than before 400 days of age 
in bulls. High concentrate levels tend to pro-
duce more fatty carcasses than moderate con-
centrate levels (SCHROEDER et al. 1980). In the 
present study, carcass fat yield was positively 
affected by easily available dietary energy and 
protein components (daily FU, EE, NFE, DCP 
intakes) while factors involved particularly with 
the bulkiness of the diet (DM, CHH, CF and 
even NFE intake from roughage) had negative 
effect respectively (Appendix 4). 

R/C ratio of DCP intake had a significant 
positive effect on production parameters in G/S 
and in ali animals group. This result supports 
the observation that DCP derived particularly 
from fresh roughage (grass/silage) has had sti-
mulatory effect on productive performance in 
contrary to DCP derived from concentrates. 
This result also suggests that the productive 
response of DCP of grass/silage has been under-
estimated in our feed evaluation system at 
least as far as beef production is concemed. 

According to SCHNEIDER & FLATT (1975) 
ruminant diet should contain 15-18 % CP. 
Below this level rumen microbes suffer of CP 
deficiency, which leads to depression of diges-
tibility of feed components. The diet of G/S 
group contained 14.9 % CP and that of H/S 
group 13.3 % on DM basis on an average. This 
means that G/S group had just about enough 
CP while H/S group may have had somewhat 
below the marginal level of CP in their diet, in 
order to maintain proper function of nimen 
microbes. CP standards of SCHNEIDER & 
FLATT are higher compared to ARC (1980) or 
Finnish (SALO et al. 1982) standards. 

Grass silages made in Agricultural Research 
Centre contain roughly 50 % soluble nitro-
genous compounds, of the total nitrogen. It has 
been shown with plain silage diets that the  

higher is the soluble fraction the higher is the 
apparent digestibility of silage OM, CP, EE, CF, 
and NFE (KossiLA et al. 1980). About 25 % of 
silage nitrogen appear as soluble aminoacids and 
polypeptides (KossiLA & HUIDA, unpublished 
observations). Van Es (1981) points out that 
aboundant energy as well as ammonia, amino-
acids and peptides are needed for maximal syn-
thesis of microbial proteins in the nimen. 

In the study of LINDBERG 8c VARVIKKO 
(1982) 12-14 h degradation rates in the ru-
men at maintenance level were of the following 
order of magnitude: DM degradability: barley 
> silage > hay > straw; N-disappearance rate: 
silage > hay > barley > straw, and cell wall de-
gradation rates: silage > hay > straw. One 
could imagine that silage would provide nitro-
gen and barley would provide energy in the first 
hand for microbial protein synthesis in the ru-
men. There are obviously synergistic as well as 
selective and even inhibitory interactions be-
tween the dietary roughage and concentrate 
components in the nimen on barley-grass/silage 
diets, and these interactions are reflected on 
production performance of cattle. 

Further examination of the results obtained 
by using model 4 shows that R/C ratio of DM 
intake acts as a negative factor in relation to 
production parameters particularly in H/S and 
in ali animals groups. In other words, elevated 
DM intake from roughage in relation to con-
centrate is a limiting factor for production. 
This can be interpreted so that when roughage 
is nutritionally relatively poor, benefit from 
concentrate DM intake increases. Low R/C ra-
tio for DM intake is then beneficial. 

In the present data, concentrates constituted 
51.2 % of daily DM intake in G/S group and 
64.7 % in H/S group on an average. In majority 
of the experiments observed here (Appendix 1) 
concentrates were given at constant level until 
termination. LAMPILA et al. (1981) have com-
pared gradually increasing concentrate level to 
the constant one in a 44 week experiment with 
growing cattle receiving grass-silage ad lib. Bar- 
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ley constituted 50 % of total DM intake in the 
two groups. Animals were slaughtered at 390 
days of age. There were no significant diffe-
rences in the live weight, carcass weight and 
feed consumption rate between the two groups. 
Although the R/C ratio of DM intake differed 
during the experiment in the two groups, the 
overall R/C ratio of DM intake was the same in 
both. The animals obviously possess some 
adaptability and flexibility during their most 
active growth period (compensatory growth) 
towards fluctuations of R/C ratio of DM in 
their diet. 

Models 5 and 6 
Models 5 and 6 investigated the effects of indi-
vidual chemical components of roughage on 
one hand and of concentrate on another hand, 
on production parameters. R/C ratio for ASH 
had significant negative effect on main carcass 
parameters in G/S group suggesting that silages 
may contain such ASH, which may interfere 
for instance with nimen fermentation and 
through this phenomenon with productivity of 
animals. Some silage ASH may be derived from 
the soil during the harvesting process and large 
amounts of such ASH may interfere also fer-
mentations of silages even before they reach 
rumen. It has been also demonstrated that if 
effluent production is considerable then large 
quantities of minerals, particularly the most sol-
uble and available ones, are lost with effluent 
(KOSSILA et. al. 1971, 1973, KOMMERI et al. 
1977, RISSANEN & KOSSILA 1977, ETTALA & 
KOSSILA 1980). Wilting of raw material before 
ensiling will decrease such losses drastically 
(KommERT et al. 1982), while harvesting 
methods or suo types have vety little effect on 
growth performance of cattle in general when 
animals receive mineral supplementation (KOM-
MERI et al. 1980). 

During preparation of silage, mineral losses 
may become so large that the minerals remain-
ing in the silage are not sufficient for the re-
quirements of young beef animals (see p. 15). 

In the present study, mineral salt supple-
ments were mixed with the concentrate portion 
of the diet in such amounts, which would have 
provided recommended levels of various min- 
erals for growing animals. It is possible that 
minerals of the concentrate part of the diet 
(mineral supplements) have been far more im-
portant than those of roughage pari; for the 
performance of animals. 

R/C ratio of CP intake correlated positively 
with majority of the production parameters 
particularly in G/S groups and in ali animals 
confirming the findings of previousi rnodels. 

R/C ratio of EE intake did 4t show any 
significant effect on production parameters 
suggesting that the production effect of rough-
age EE was similar to that of concentrate. To-
tal quantity of EE in the diet was actually only 
2 % in H/S and 3.6 % in G/S groups respec-
tively on DM basis, but R/C ratio of EE was 
much higher in the latter group (2.385) com-
pared to the former (0.928) (Table 6). 

R/C ratio of CF intake was practically with-
out effect on production parameters indicating 
that CF of concentrates and roughages were 
utilized more or less in the similar manner. On 
the other hand, R/C ratio of CHH (Model 5) 
and NFE (Model 6) exhibited significant nega-
tive influence on production parameters parti-
cularly in H/S group. This finding indicates 
that NFE (CHH) of roughages, particularly in 
H/S group (dry roughage group), are utilized in 
less efficient manner for tissue growth than 
NFE (CHH) of concentrates when fed to-
gether. This phenomenon can be explained to 
some extent by better digestibility of NFE in 
concentrates. Furthermore, it has been shown 
that increasing levels of concentrates (barley) 
fed together with silage have increasingly dep-
ressive effect on silage NFE digestibility in 
sheep (KossiLA 1977) and cattle (LEHTINEN 
1985). High concentrate levels depress feed 
conversion rates in growing cattle fed with sila-
ge ad lib., although growth rate is accelerated 
to a certain level (KossiLA & LAMPILA 1974). 
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Information on the effect of increasing con-
centrate levels on feed conversion rate of hay in 
beef production is contradictory. GOLDING et 
al. (1976) found that addition of concentrate 
(corn, soy) at 50 % GE (gross energy) intake 
level into hay diet depressed the digestibility of 
hay GE and depression was greater in hay har-
vested at early stage of maturity than in hay of 
late maturity. In the study of KOSSILA (1978b) 
with growing cattle initial age of which was 264 
days in the beginning of a 100-day experiment, 
low concentrate group consumed 4.1 kg con-
centrate mixture (73 % oatmeal, 25 % molas-
ses-beet-pulp, 2 % minerals) and 3.43 kg hay on 
air dry basis while high concentrate group con- 

sumed 7.3 kg concentrate and 1.03 kg hay. 
Daily LWT gain was 811 and 1159 g, FU ex-
penditure/kg LWT 6.57 and 5.94, DM inta-
ke/kg LWT gain was 8.25 and 6.33 and carcass 
weight was 164 and 185 kg on an average in the 
two groups respectively. Here, high concentra-
te level improved performance as well as feed 
conversion rate considerably. In the study of 
SORMUNEN-CRISTIAN & VIRKKUNEN (1986), 
rate of gain and feed conversion rate of lambs, 
fed with hay/concentrate (barley 	soy) diet, 
improved with increasing concentrate levels. 
Obviously the results are influenced by the ty-
pe of feeds, level of feeding and age, breed and 
sex of the animals. 

CONCLUSIONS 

This study has given many suggestive view-
points on the effects of various diet compo-
nents on the production performance criteria in 
growing cattle. Department of Animal Hus-
bandry, Agricultural Research Centre has ac-
tually continued to study some of the related 
problems: 

effect of concentrate level fed in combina-
tion with different roughages (silage, hay, 
straw) on production performance and nu-
trient expenditure of growing cattle, 
effect of concentrate level on digestibility in 
vivo of hay and silage 
study concerning silage NPN fractions in 
greater detail 
ruminal and intestinal digestion of nitro-
genous compounds of silage and other im-
portant diet components in cattle 
apparent digestibility of ash and individual 
minerals in wethers fed hay or silage with 
different concentrate levels 

the effect of diet on fat content of carcass 
in growing cattle. 

It would he worth while to study also the 
following topics: 

the effects of silage quality parameters (pH, 
acetic, propionic, butyric, lactic acids, sugar, 
nitrogenous fractions, soluble minerals) on 
growth performance of cattle and sheep, 
effects of various carbohydrate fractions on 
growth performance 
effects and interactions of various diet com-
ponents on production performance of grow-
ing ruminants, etc. 

Methods of feed evaluation (ie. analytical pro-
cedures, digestibility trials, rumen degradability 
determinations, etc.) need further develop-
ments and applications in order to achieve hig-
her accuracy in predicting effect of feeds on 
productivity of animals. 
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Group 
No. N 

Barley 
kg/day 

Grass silage 
ad lib. 

3.0 
No additive 
AIV-1/75 
Formic acid 
Viher acid 

1 	8 
2 	8 
3 	8 
4 	8 

APPENDIX 1 

Experimental designs and feeds in individual experiments 

Experiment 1 

Group 

No. 	N 

Roughage Soy/urea 
kg/day” 

Beet 
pulp 
kg/day 

Barley 
kg/day 

1 	8 0.5 1 
2 	8 Hay soy — 3.0 

3 	8 ad 0.11 1 

4 	8 urea 

From 105 to 356 days of age 
") up to 190 days of age 
Mineral mix: Voiperho 120 g/day 
Vitamin mix: ESe-Teho 5 g/day 

Experiment 3a 

From 88 to 310 days of age 
Mineral mix: Se-Terki Viher-Terki 1:1 120 g/day 
Vitamin mix: DEB-Karjavitan 5-10 g/day 

Experiment 3b 

Group 
	 Fresh grass 

	 Barley 
No. 	N 	ad lib. 	 kg/day 

1 	16 
	

AIV-2 
3.0 

2 	16 
	

Viher-solution 

From 310 to 367 days of age 

Experiment 4a 

Group 
No. N 

Roughage Oatmeal 
kg/day 

Beet pulp + 
molasses kg/day 

Special 
supplement 

1 	8 
2 	8 
3 	3 
4 	8 

Hay 
ad • lib. 

3.0 1.0 
Urea 
Ureaphosphate 
Soy meal 
Control 

From 67 to 264 days of age  

Experiment 4b 

Group 

No. 	N 

Roughage Oatmeal-beet pulp-molasses 
mix 3.1 
kg/day 

1 	16 
2 	16 

Hay ad 
lib. Ad 

4.0 
lib. 

From 264 to 364 days of age 
Mineral mix: Se-Terki 100 g/day 	1 during 4a and 4b Vitamin mix: DEB-Karjavitan 5 g/day 

Experiment 5 

Group 
No. 	N 

Grass silage 
ad lib. 

Concentrate 
FU/day 3 or ad lib. 

1 	4 Cocksfoot fresh Barley 
2 	4 Formic acid Oats 

3 	4 Cocksfoot wilted Barley 
4 	8 Formic acid Oats 

5 	4 Cocksfoot wilted Barley 
6 	4 no preservative Oats 

7 	4 Clover, fresh Barley 
8 	4 Formic acid Oats 

From 236 to 347 days of age 
Mineral mix: Selene 120 g/day 
Vitamin mix: DEB-Karjavitan 5 g/day 

Experiment 6 

Group 
No. 	N 

Silage ad lib. 
(cocksfoot or clover) 

Oatmeal 
kg/day 

1 	4 Fresh grass 1.5 
2 	4 Formic acid ad lib. 

3 	4 Wilted flail harvest. 1.5 

4 	4 Formic acid ad lib. 

5 	4 Wilted precis. cut 1.5 
6 	4 No preservative ad lib. 

7 	4 Fresh clover 1.5 

8 	4 Formic acid ad lib. 

From 77 to 245 days of age 
Silage was replaced by fresh grass in ali groups from 245 
to 357 days of age 
Mineral mix: Viher-Terki and Se-Terki, 1:1 120 g/day 
Vitamin mix: DEB-Karjavitan 5 g/day 

24 



25 

Group 
No. N 

Roughage 
ad lib. 

Barley 
kg/day 

3.0 
3.0 
3.0 
3.0 

Fresh grass 
in summer, 
Silage 
in winter 

1 	12 
2 	12 
3 	11 
4 	12 

4 
5 
6 

8 
8 
8 

Experiment 7 

Group 
No. N 

Roughage Barley 
kg/day 

Molasses-beet- 
pulp, kg/day 

Lowsugar-molasses 
beet pulp, kg/day 

1 	10 3.0 — — 

2 	10 Hay 2.0 1.15 

3 	10 ad 2.0 — 1.28 

4 	10 
lib. 1.0 — 2.56 

From 113 to 365 days of age 
Mineral mix: Se-Terki 150 g/day 
Vitamin mix: DEB-Karjavitan 10 g/day 

Experiment 10 

Group 
No. 	N 

Roughage 
ad lib. 

Barley Protein 
concentrate'l 

Phosphate 
mixture" 

1 	6 
2 	6 
3 	6 
4 	6 
5 	6 
6 	6 
7 	6 
8 	6 

NH3-straw given 
on 
the 
basis 
of 
weight 
of 
animal 

Rumen by-
pass 
protein 
(protected) 

Ca-phosph. 
Control 
NH3-straw Urea-phosph. 
Control 
NH3-straw (non-pro 

tected) 
control 
protein 

Ca-phosph. 
Control 
NH3-straw Urea-phosph. 
Control 

From 101 to 381 days of age 
adjusted on the basis of live weight of animals, contained 
also vitamins 

'O) Prepared by Kemira, Ca/P similar in both mixtures 

Experiment 13 

Group 
No. 	N 

Roughage 
ad lib. 

Concentrate mixture with protein 
sources on live weight basisl 

1 	5 Soy + barley 
2 	5 NH3-straw**) Raps + barley 
3 	5 Soy -I-  urea + barley 
4 	5 Soy + ureaphosphate + barley 

5 	5 Soy + barley 
6 	5 Untreated Raps + barley 
7 	5 straw Soy + urea + barley 
8 	5 Soy + ureaphosphate + barley 

Fråm 83 to 419 days of age 

Experiment 8 

Group 
No. 	N 

Roughage 
ad lib. 

Concentrate 
kg/day 

1 	12 Fresh grass Barley 3.0 
2 	12 in summer Barley ad lib. 
3 	12 Silage Wheat 3.0 
4 	12 in winter Wheat ad lib. 

From 99 to 344 days of age 
Mineral mix: Se-Terki 5 % in concentrate 
Vitamin mix: DEB-Karjavitan 10 g/day 

Experiment 11 

From 84 to 433 days of age 
(from 212 to 295 days grass was fed) 
Mineral mix: Viher-Terki 85 g/day 
Vitamin mix: DEB-Karjavitan 5 g/day 

Experiment 14 

From 113 to 335 days of age 
Feed intake was adjusted to anticipated growth rate 
of animals 
Minerals and vitamins were added into concentrates 

Experiment 15 

") Live 
weight kg 

Concentrate 
mixture, kg/day 

100-200 3 
200-300 4 
300-400 5 
400— 6 
Contained mineral and vitamin mixtures 

NH3-straw was replaced by control straw from 
days of age onwards. 

Group 
No. N 

Roughage 
ad lib. 

Barley Actual concentrate 
consumption kg/day 

1 24 Constant level 2.96 
Grass 
silage 

3 kg/d 

Gradually 
increasing 

3.08 2 24 

From 83 to 391 days of age 
363 	Mineral mix: Se-Terki 100 g/day 

Vitamin mix: DEB-Karjavitan 4-5 g/day 

Group 
No. N 

Roughage restricted Concentrate restricted 

25% of dry matter 
intake received 
from grass silage 
50% of dry matter 
intake received 
from grass silage 

Barley 
Barley molasses mix 
Barley wood extract mix 

Barley 
Barley molasses mix 
Barley wood extract 

1 8 
2 8 
3 8 



APPENDIX 2 

Digestibility coefficients 

Experiment no. Feed Digestibility % 
CP 	EE CF NFE 

Value 
figure 

Reference 

1, 3, 5, 7, 8 Barley 73 75 33 91 95 NJF 327 
4, 5,6 Oats 78 92 26 80 95 NJF 333 
8 Wheat 81 70 30 92 95 Interpolated 
10, 11, 14, 15 Barley 80 78 29 89 95 SK 665-666 
1,4 Soy 91 06 76 96 95 NJF 303 
4b Oat-molasses-beet-pulp 72 79 82 82 94 calculated, NJF 
1,4 Molasses-beet-pulp 55 40 72 89 90 NJF 275 
7 Low-sugar molasses-beet pulp 71 — 86 92 90 SK 669-672 
7 Molasses-beet-pulp 63 — 83 91 90 SK 669-672 
14 Barley-molasses mix 77 78 29 90 93 calculated 
14 Barley-wood extract mix 82 78 29 87 93 on basis of 

ingredients 
10 Protein concentrates 78 27 51 89 94 
13 Soy-barley mix 81 78 35 89 95 calculated 
13 Rapeseed-barley mix 81 79 29 88 94 on basis of 
13 Soy-urea-barley mix 81 78 31 89 95 ingredients 
13 Soy-ureaphosphate-barley mix 81 78 31 89 95 
1 Hay 65 54 69 73 NFJ 62 
4a, 4b, 7 Hay 65 49 74 70 NJF 97 
10, 13 Straw, untreated 39 65 47 33 42 SK 708-710 
10, 13 Straw, NH3-treated 70 76 56 57 63 SK 708-710 
3b Grass 70 57 78 80 NJF 22 
6 Grass 59 60 77 74 NJF 32 
8, 11 Grass 73 63 73 75 Estimated on basis 

of NJF 
Silages 

3 No preservative 71 68 68 64 80 
3 
3 

AIV-1 /75 
Formic acid 

72 
72 

61 
57 

67 
65 

66 
68 

80 
80 SK 614-617 

3 Viher acid 74 63 68 68 80 
5, 6 Cocksfoot, fresh formic acid 71 65 74 74 80 
5, 6 Cocksfoot, wilted formic acid 61 58 75 67 80 SK 654-657 
5, 6 Cocksfoot, wilted no preservative 60 51 71 65 80 
5, 6 Clover, fresh formic acid 67 67 64 73 80 
8, 11 Fresh, tower 58 72 62 69 80 SK 704-707 
11 Wilted, tower 68 62 66 70 80 
11 
11 

Fresh, tower 
Wilted, bunker 

65 
68 

66 
60 

65 
67 

67 
69 

80 
80 SK 736-739 

11 Fresh, bunker 65 66 67 72 80 
14 Bunker 1. 68 60 67 69 80 
14 Bunker 2. 65 66 67 72 80 SK 736-739 
14 Bunker 4. 65 66 65 67 80 Interpolated 
15 Wilted, bunker 1. 68 60 67 69 80 SK 736-739 
15 Fresh, bunker 4. 65 66 65 67 80 Interpolated 
15 Tower 1. 71 65 67 55 80 
15 
15 

Tower 2. 
Tower 3. 

69 
69 

72 
69 

74 
72 

54 
72 

80 
80 SK 768-771 

15 Tower 4. 65 67 70 70 80 

SK refers to the experiment done in the Department of Animal Husbandry, Agricultural Research Centre. 
NJF refers to the tables published in 1969. 
Fiber correction was used for grass and hay. Value figure used for straw and silage. 

26 



APPENDIX 3 

Calculation of FU and ME values of the feeds 

In order to get FU value of the feeds, digested feed components were multiplied with 
the following multipliers of Starch Unit (SU) system: 

Feed class DCP DEE DCF DNFE 

Pasture grass, hay, straw 0.94 1.91 1.00 1.00 
Grass silage 1.00 
Roots, potatoe, agro-industrial residues 
(beet pulp etc) 1.91 
Protein feeds from animal resources 2.41 0.00 
Protein feeds from plant resources 1.00 
Carbohydrate concentrates 2.12 

Fiber correction was used for hay and grass and value numbers for other feeds. Then 
SU was converted into FU (fattening feed unit) 

Metabolizable energy (ME) content of the feeds has been calculated from the digested 
nutrients using the following multipliers: 

Feed class 
	 DCP 	DEE 	DCF 	DNFE 

Pasture grass, hay, straw 	 4,.,3 	7.8 	2,.,9 	3.7 
Grass silage 	 5.0 	 " 
Roots, potatoe, agro-industrial residues 
(beet pulp etc) 	 „ 	7.8 
Protein feeds from animal resources 	4.5 	9.3 	0.0 	„ 

» 	 „ 
Protein feeds from plant resources 	 8.8 	2.9 

„ 	 „ 
Carbohydrate concentrates 	 8.3 

The result is expressed in Megacalories (MCal). 
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SELOSTUS 

Korsirehun määrän ja laadun sekä dieetistä saatujen kemiallisten yhdisteiden vaikutus 
kasvunopeuteen, rehun hyväksikäyttöön, lihan tuotantoon ja ruhon koostumukseen 

kasvavalla naudalla. 

VAPPU KOSSILA 

Maatalouden tutkimuskeskus 

Tutkimuksen aineistoon sisältyy 367 sonnivasikkaa ja 38 
lehmävasikkaa. Nämä kasvatettiin kontrolloiduissa ruokin-
takokeissa teurastukseen saakka. Sonnivasikka-aineisto jaet-
tiin kahteen ryhmään: 1) kuivia korsirehuja (heinä, olki) 
saaneet (H/S ryhmä) ja 2) tuoreita korsirehuja (ruoho, säi-
lörehu) saaneet (G/S ryhmä). Muu osa dieetistä koostui yh-
destä tai useammasta väkirehusta sekä kivennäissuolaseok-
sesta. 

I-I/S ryhmällä koeajan pituus oli keskimäärin 274.8 vrk ja 
G/S ryhmällä 252.6 vrk. Elopainon lisäys oli 1 043 ja 1 030 
g/vrk, ruhopainon lisäys 485 ja 498 g/vrk, ruhon liha-, ras-
va- ja luutuotokset 135.5 ja 142.3 kg, 6.75 ja 7.69 kg, 35.3 ja 
36.5 kg, keskimäärin 371.6 ja 368.7 päivän iässä vastaavasti. 

Korsirehun osuus kuiva-aineen (ka) syönnistä oli H/S ryh-
mällä 35.3 % ja G/S ryhmällä 48.8 %, eläimet söivät 90.5 ja 
87.0 g ka metabolista elopainokiloa (elopainous) kohden 
päivässä. 

Rehun kulutus elopainokilon lisäystä kohden H/S ja G/S 
ryhmillä oli: 5.32 ja 5.44 kg ka, 4.72 ja 4.82 rehuyksikköä 
(ry), 511 ja 575 g sulavaa raakavalkuaista (srv), ja ruhopai-
nokilon lisäystä kohden: 11.5 ja 11.4 kg ka, 10.2 ja 10.1 ry, 
30.9 ja 30.1 megakaloria muuntokelpoista energiaa, 1.1 ja 
1.2 kg srv vastaavasti. Tutkimuksen eläimillä keskimääräi-
nen energian ja valkuaisen kulutus oli hyvin saman suurui-
nen Agricultural Research Councilin (Englanti) ja Suomes-
sa olevien normisuositusten kanssa. 

Verrattuna sonnivasikoihin, lehmävasikat kuluttivat 
enemmän ravintoainetta•  elopainon ja ruhopainon lisäämi- 

seen. Lehmävasikat kasvoivat hitaammin ja niiden ruhossa 
oli suhteellisesti vähemmän lihaa ja luita, mutta enemmän 
rasvaa, ja kokeessa vietetty aikakin oli pitempi verrattuna 
sonnivasikoiden vastaaviin arvoihin. 

Taloudellisessa mielessä lehmävasikat, jotka olivat pää-
asiassa risteytyseläimiä, osoittautuivat edullisen hankinta-
hintansa ansiosta hyvinkin sonnivasikoiden veroisiksi lihan-
tuottajina. 

Sonnivasikoilla tutkittiin tilastollisesti rehuannoksen 
kemiallisten aineosien (tuhka, raakavalkuainen, ra:akarasva, 
raakakuitu, typettömät uuteaineet), energiasisällön ja korsi-
rehu/väkirehusuhteen vaikutuksia lihantuotanto-ominai-
suuksiin. Samalla selvitettiin tuoreen ja kuivan korsirehun 
välillä ilmeneviä eroja. Korsirehujen välillä ilmeneyistä 
eroista mielenkiintoisin oli G/S ryhmällä tuoreen korsire-
hun srv:n merkitsevä positiivinen vaikutus lihantuotanto-
parametreihin. G/S ryhmällä todettiin myös, että kun ener-
gian saannin suhteellinen osuus tuoreesta korsirehusta nou-
si, sillä oli negatiivinen vaikutus lihantuotantoon. H/S 
ryhmällä vuorostaan ka:n ja typettömien uuteaineiden 
syönnin osuuden nousu korsirehusta korreloitui negatiivi-
sesti tuotantoparametreihin. Säilörehun kivennäisillä taas 
näytti olevan negatiivinen, mutta väkirehuun lisätyillä ki-
vennäisainesuolaseoksilla positiivinen vaikutus lihantuotan-
toon. 

Tulosten tarkastelussa pohditaan mm. rehuarvon määrit-
tämiseen liittyviä ongelmia. 
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WHEY PROTEIN CONCENTRATE IN THE FEEDING OF PIGLETS 

KAIJA SUOMI 

SUOMI, K. 1988. Whey protein concentrate in the feeding of piglets. Ann. Agric. 
Fenn. 27: 35-38. (Agric. Res. Centre, Swine Res. Sta., SF-05840 Hyvinkää, Finland.) 

Soya bean meal and fish meal were partly replaced by whey protein concentrate 
(WPC) in the diet of piglets. WPC was produced by ultrafiltration and drying of 
liquid whey. The content of essential amino acids in both diets was equal. Due to the 
better amino acid composition of the WPC the crude protein level of the 
experimental diet was 1.5 %-units lower than that of the control diet. The 
performance of piglets between 1 and 8 weeks of age was similar in both groups. 

Index words: piglets, protein, whey protein concentrate (WPC), growth, diarrhoea. 

INTRODUCTION 

Whey protein concentrate (WPC) is prepared 
by the ultrafiltration and drying of de-lactosed 
whey. By ultrafiltration, large and small 
molecular substances are separated. The small 
molecular substances lactose, salts and water 
penetrate the membranes. Large molecular 
proteins do not pass through pores of the 
membranes. The dry matter of whey has a 
protein content of about 12 %. By ultra-
filtration the protein content of concentrate 
can be increased to the level desired, the 
maximum being 80 % of dry matter. There is 
no advantage to increase the protein content of 
concentrate prepared for animal feeding above 
35 %. Collected concentrate can be kept 
preserved by drying it into the form of flour 
(ALAVIUHKOLA and HARJU 1982). 

The amino acid content of WPC is on 
average superior to that of fish meal, soya bean  

meal and skim milk powder. 
When WPC was utilized as the sole protein 

feed for growing pigs, the results were better 
than those with fish meal and soya bean meal 
(ALAVIUHKOLA and HARJU 1985). SEVE and 
AUMAITRE (1983) found that the growth of 
piglets improved when they were given as 
protein feed 70 % skim milk powder and 30 % 
denatured or native WPC compared to skim 
milk powder as the sole protein feed. 

The product's favourable amino acid com-
position supplements the other complements of 
piglet feed. Its lactose is vety suitable for small 
piglets, although such is not the case for 
slightly older piglets (KIDDER and MANNERS 
1978). 

The purpose of this trial was' to establish if 
WPC can replace imported protein feeds used 
in the feed of small piglets. 
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MATERIAL AND METHODS 

The WPC in this trial contained 38.7 % crude 
protein, 6.7 % ash (among other substances 
16.7 % potassium, 5.0 % sodium and 9.0 % 
chlorine) and 49.7 % lactose in dry matter. The 
content of the most important essential amino 
acids in WPC is as follows: lysine 9.5 g, 
methionine and cystine, together, 3.5 g and 
threonine 6.9 g per 16 g N. 

The control feed was a commercial granular 
starter. In the experimental feed, manufactured 
from the same raw materials as the control 
feed, half of the fish meal and the greatest 
portion of the soya bean meal were replaced 
with 15 % WPC (Table 1). The experimental 
feed was also granular. The principle of the 
planning of feed mixtures was that the control 
and experimental feeds should contain equal 
amounts of the most important amino acids. 
When the amount of protein in the ex-
perimental feed mixture was reduced, met-
hionine and cystine were the first limiting 
amino acids. According to the analyses the 
average crude protein content of the control 
feed was 18.9 % and that of the experimental 
feed 17.5 %, respectively. The contents of 
calculated available lysine were 9.3 and 9.8 g/kg, 
respectively. 

Twenty litters of at least 7 piglets in each 
were randomly divided into two groups. Piglets 
were weighed at birth and at 3, 5 and 8 weeks 
of age. Feeds were given ad libitum from the age 
of 1 week. 

Table 1. Composition of the diets. 

Control 
diet 

Experimental 
diet 

Skim milk powder 2.5 2.5 
Fish meal 4.0 2.0 
Sugar 2.0 2.0 
Soyabean meal 14.0 2.0 
Rolled oats (steamed) 23.0 23.0 
Wheat meal 10.0 10.0 
Barley meal 29.1 28.1 
Oatmeal 10.0 10.0 
Yeast 1.5 1.5 
Bayonox-vitamin mixture 1.0 1.0 
Minerals 2.9 2.9 
WPC 15.0 

Mixture: (calculated values) 

Crude protein g/kg 194 179 
Digestible crude protein g/kg 169 155 
Digestible lysine g/kg 9.4 9.9 
Digestible methionine 

cystine g/kg 6.2 6.0 
Digestible threonine g/kg 6.3 7.2 

RESULTS AND DISCUSSION 

The growth of piglets was similar on the 
control and experimental diets (Table 2). 
Between groups there were no great differences 
in feed intake nor in the feed : gain rano. In the 
experimental group slightly less diarrhoea was 
observed than in the control group. There were 
no statistically significant differences be-
tween the groups in the most important 
characteristics. Decreasing the protein level in 
the experimental feed from 19.4 % to 17.9 % 
(from 16.9 % to 15.5 % dig. crude prot.) did 

not reduce the growth of piglets. The reason 
for this may likely be that the contents of the 
most important essential amino acids were 
sufficient in the experimental diet. In a trial 
with piglets EGGUM et al. (1984) obtained 
worse results when the protein content was 
lowered from 25.4 % (the level of control feed) 
to 19.2 % /d.m., though the amount of the 
most important essential amino acids was 
increased with synthetic lysine, methionine and 
threonine to the same level as that in the 
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Table 2. Daily gain, feed intake and diarrhoea-index. 

Control- 
group 

Experimental- 
group 

Litters 10 10 
Piglets at start / litter 11.5 10.6 
Piglets at end (8 weeks) / litter 11.2 10.6 
Birth weight of piglet 	kg 1.5 1.5 
Weight of piglet (8 weeks) 	kg 18.4 18.6 
Growth 0-5 weeks (weaning) g/d 208 223 NS 
Growth 5-8 weeks 	g/d 450 438 NS 
Growth 0-8 weeks 	g/d 302 304 
Feed intake 0-5 weeks kg/piglet 0.29 0.37 
Feed intake 5-8 weeks kg/piglet 14.29 13.42 NS 
Feed conversion kg/kg gain, 
5-8 W 1.50 1.45 
Diarrhoea-indexl) 339 308 
Litters without diarrhoea 1 3 
Litters, treated for diarrhoea 1 

1)Diarrhoea-index = The number of piglets with diarrhoea 
X days in diarrhoea X intensity of 
diarrhoea (1-5) 

control feed. According to DANIELSEN (1984) 
lowering crude protein from 175 g to 150 g 
/F.U. (supplemented with synthetic lysine and 
methionine) only slightly reduced the growth 
of piglets between 5 to 7 weeks of age. 
However, when digestible crude protein fell 
below 150 g /F.U. the growth of piglets 
decreased markedly. According to NIELSEN 
and DANIELSEN (1982) piglets require 190-
160 g digestible crude protein, 10.5-8.9 g 
digestible lysine, 5.8-5.2 g digestible 
methionine 	cystine and 6.0-5.0 g /F.U. 
digestible threonine between ages 2-8 weeks. 

WHITTEMORE and ELSLEY (1977) reported 
that in the grain feedings of swine the first limi-
ting amino acid is lysine, followed by methionine 

cystine, or threonine. In most cases, it is more  

important to supply the pigs with enough 
protein, even though part of the amino acids 
might be wasted. Decreasing the protein 
content of the feed can also cause a deficiency 
of other essential amino acids, despite additions 
of lysine, methionine and threonine. 

A reduction of the protein content in the 
diet slightly decreased diarrhoea. EGGUM et. al. 
(1984) and DANIELSEN (1984) also have found 
in their experiments, that at the lowest protein 
levels (15.8 c.p./d.m. and 99 and 98 g 
d.c.p./F.U.) piglets had the least frequency of 
diarrhoea. 

The results of this trial show WPC to be a 
suitable protein feed for piglets. The enzymes 
of the alimentary canal of small piglets are able 
to break down well the substances of milk 
products. The production of the enzyme 
lactase, which hydrolyses lactose, decreases in 
piglets at a few weeks of age. Thereafter, 
excessive ingestion of lactose may cause 
diarrhoea, as some of the lactose undergoes 
fermentation by micro-organisms and the 
products of fermentation can irritate the walls 
of the gut. The lactose content of 15 % WPC 
was about 7.5 %. This quantity of lactose and 
the rather large mineral amounts in WPC did 
not cause any problems. 

Despite its good protein content whey 
protein concentrate is not utilized in animal 
feeding at present. The reason is its con-
siderably high production cost. However, the 
use of WPC in prestarters and starter feeds can 
be economically justified due to small per piglet 
consumption. 
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SELOSTUS 

Heravalkuaisrikaste pikkuporsaiden rehuna 

KAIJA SUOMI 

Maatalouden tutkimuskeskus 

Herasta ultrasuodattamalla ja kuivaamalla valmistettu he-
ravalkuaisrikaste sisältää 36 % raakavalkuaista, ja sen ami-
nohappokoostumus on erinomainen. Sillä korvattiin pik-
kuporsasrehussa suurin osa soijarouheesta ja puolet kala-
jauhosta. Heravalkuaisrikastetta 15 % sisältävän koerehun 
raakavalkuaista voitiin alentaa kaupallisen vertailurehun ta-
sosta 1.5 %-yksikköä, kun seokset suunniteltiin tärkeim- 

pien aminohappojen suhteen samanlaisiksi. 
Porsaat menestyivät yhtä hyvin kummallakin rehuseok-

sella. 
Hyvästä valkuaisainesisällöstään huolimatta heraval-

kuaisrikastetta ei toistaiseksi käytetä eläinrehuissa sen kor-
kean hinnan vuoksi. 
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LEAD CONTENTS OF DIFFERENT PLANT SPECIES GROWN SIDE BY SIDE 
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SILLANPÄÄ, M., YLÄRANTA, T. and JANSSON, H. 1988. Lead contents of different 
plant species grown side by side. Ann. Agric. Fenn. 27: 39-43. (Agric. Res. Centre, 
Dept. Soil Sci., SF-31600 Jokioinen, Finland.) 

The lead concentrations in the dry matter of 17 crops grown side by side were 
compared. The field experiments were carried out at nine sites in various parts of 
Finland. 

The highest average lead content of various plants or plant parts exceeded the 
lowest average contents by a factor of 31. When comparing different parts of the 
same crop this factor was the highest (11) in the case of spring wheat. 

The lowest average Pb contents 	0.25 ppm) were measured from those plant 
parts which have not at ali or only to a limited extent been exposed to external 
contamination from air. Considerably higher Pb contents, averaging 0.4 ppm or more 
were found from crops or their parts which had been more exposed to air due to 
larger surface area or longer periods during the growing season, and thus had been 
more liable to Pb contamination. 

Index words: lead content, cereals, timothy, red clover, rape, rye grass, pea, onion, 
turnip, carrot, potato, beet, swede. 

INTRODUCTION 

Lead has not been shown to play any essential 
role in plant metabolism and plant poisoning 
due to lead has seldom been observed in plants 
growing under field condition (KABATA-PEN-
DIAS and PENDIAS 1984). Lead is not generally 
considered to be an essential microelement for 
animals and its importance as an object of 
studies is based on its toxicity when existing in 
concentrations higher than normal. The maxi-
mum tolerable dietary level for lead is con-
sidered by National Research Council of the 
USA to be 30 ppm in DM for most species 
(NRC 1980). However, much lower values for 
critical levels are recommended. In Finland the 
highest allowed lead content in foodstuffs 
varied from 0.2 to 1.0 mg/kg FW. 

It is obvious that the lead contents of 
Finnish crops are generally at a vety low level. 
For example KABATA-PENDIAS and PENDIAS 
(1984), when calculating an intemational 
average of Pb in grasses and clovers excluded 
the mean Pb content of Finnish timothy, 0.29 
ppm in DM, reported by PAASIKALLIO (1978) 
as an "extreme". The mean values for other 
countries varied from 1.6 to 3.3 ppm and 
ranged from 0.7 to 9 ppm in DM. 

The above study (PAASIKALLIO 1978), 
timothy as an indicator crop, gives a good 
picture of the geographical distribution of lead 
contents in Finland. In the present study the 
lead contents of different crops grown in 
similar conditions are compared. 
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MATERIAL AND METHODS 

The experimental fields, collection of samples 
and their preliminary treatment have been 
described in an earlier paper (YLÄRANTA and 
SILLANPÄÄ 1984). General soil properties of 
the experimental soils are given in Table 1. 

The plant samples were prepared and ashed 
as described by SILLANPÄÄ (1982). Lead was 
determined with an atomic absorption 
spectrophotometer after a diethylammonium 
diethydithiocarbamate extraction described by 

ROSCHNIK (1973). 
Soil lead was extracted using an acid 

ammonium acetate-EDTA solution (0.5 M 
CH3COONH4, 0.5 M CH3COOH, 0.02 
Na2EDTA, pH 4.65) as extractant (LAKANEN 

and ERVIÖ 1971). The extracting ratio was one 
to ten by volume and the extracting time was 1 
h. Lead concentrations were determined from 
the solution by flame atomic absorption 
spectrometry. 

Table 1. General soil properties and acid ammonium acetate-EDTA extractable lead 
contents of topsoils at the experimental sites. 

Site Soil type 

Org. C pH 
(CaCl2) 

Electr. 
cond. 
10-4S 

Pb 
(extract- 

able) 
mg/! cm 

Häme Res. Station Sandy loam 1.7 5.3 0.9 1.6 
Sata-Häme Res. Sta. Silty clay 3.8 5.1 2.0 2.4 
S.W. Finland Res. Sta. Sandy clay 1.7 4.0 1.6 0.4 
S. Savo Res. Sta. Finesand 4.4 4.8 1.5 0.7 
Dept. of Soil Science Heavy clay 4.7 4.5 1.8 11.6 
Central Finland Res. Sta. Finesand 1.5 4.8 0.9 1.0 
Kainuu Res. Sta. Carex peat 47 4.1 1.3 0.7 
N. Savo Res. Sta. Mould soil 16 4.6 4.2 1.3 
S. Ostrobothnia Res. Sta. Mould soil 19 4.9 2.3 2.8 

Mean 4.7 1.8 2.5 
±5 0.4 1.0 3.5 

RESULTS AND DISCUSSION 

The mean soil extractable lead content in this 
study: 2.5 mg/1 soil is somewhat higher than the 
mean (2.0 ± 2.2) reported for whole Finland by 
SIPPOLA and TARES (1978). In their study 
however areas near to highways or factories 
were systemically avoided. The highest soil 
content in this study 11.6 mg/1 soil originated 
from the same area reported as contaminated 
with lead from a smeltery (ERviö and 
LAKANEN 1973). 

The mean lead content in potato tuber was 
the lowest of the plants or plant parts studied 

= 0.05 mg/kg DM). Equally low contents  

were found by VARO et al. (1980) in new 
potatoes, the contents analyzed from potatoes 
harvested at the normal harvesting time in 
autumn were twice as high. Also grains were 
low in lead, the mean contents varying from 
0.06 in spring wheat to 0.20 mg/kg DM in rye. 
The mean lead contents of respective straws 
varied from 0.46 to 0.67 mg/kg. In another 
study also including these same cereal grains 
the contents of spring wheat were the lowest 
0.04-0.07 mg Pb/kg and the contents of barley 
were the highest, 0.37 mg Pb/kg (SYVÄLAHTI 

and KORKMAN 1978). KABATA-PENDIAS and 
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Fig. 1. Two-year averages (x ± s) of lead contents of different parts of 17 crops grown side by side at nine sites. Crops grown 
succesfully at eight sites*) or at seven sites only are indicated. 

PENDIAS (1984) have calculated a grand mean 
of 0.47 mg/kg values for cereal grains. The next 
lowest contents were found in the roots of root 
crops varying from 0.09 mg/kg DM in red beet 
roots to 0.25 mg/kg DM in carrot roots. Carrot 
root contents varying from 0.25 to 1.74 mg/kg 
DM has earlier been reported by FIARDH 
(1977) when measuring the lead contents of 
carrot at different distances from polluting 
sources. 

The highest mean contents of lead in this 
study were those of ryegrass (silage 2. cut),  

swede and sugar beet tops, pea stalk, and fresh 
growth of timothy and red clover, the mean 
contents varying from 1.13 to 1.55 mg Pb/kg 
DM. This is also less than reported by 
KABATA-PENDIAS and PENDIAS (1984) as 
international background levels of Pb in forage 
plants; i.e. 2.1 mg/kg DM for grasses and 2.5 
for clover. 

The 14 lowest average Pb contents in this 
study (5 0.25 ppm) were measured from those 
plant parts (tuber, grains and other feeds, roots 
and bulb) which have not at ali or only to a 
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limited extent been exposed to external 
contamination from air. The remaining 17 
plant parts (straws, grasses, clover, stalks and 
root crop tops) showed considerably higher Pb 
contents, averaging 0.4 ppm or more. These 
crops or their parts have been more exposed to 
air due to larger surface area or longer periods 
during the growing season, and thus are more 
liable to Pb contamination. 

The results obtained as well as some others 
(PAGE et al. 1971, HÄRDH 1977, TJELL et al. 
1979) support the viewpoint that most of the 
Pb of the crops is airborne (comes from the air 
by contamination) and relatively small portion 
of it is absorbed by roots from the soil. E.g. in 
root crops the Pb contents of tops are many 
times higher than those of the respective roots. 
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SELOSTUS 

Viljelykasvien lyijypitoisuuksien vertailu 

MIKKO SILLANPÄÄ, TOIVO YLÄRANTA ja HÅKAN JANSSON 

Maatalouden tutkimuskeskus 

Yhdeksällä eri koepaikalla rinnakkain kasvaneiden 17 vilje-
lykasvin lyijypitoisuudet analysoitiin. Täten saatiin vertai-
lukelpoista tietoa paitsi eri kasvien myös eri kasvinosien lyi-
jypitoisuuksista. 

Eri kasvien kuiva-aineessa todetut suurimmat keskimää-
räiset lyijypitoisuudet olivat 31-kertaisia alimpiin verrattu-
na. Saman kasvin lyijypitoisuuksissa oli vastaava suhde suu-
rin kevätvehnässä, jonka olkien lyijypitoisuus oli 11-kertai-
nen jyviin verrattuna. Kaikkien viljakasvien jyvät sisälsivät 
lyijyä vähän samoin kuin juurikasvien juuret. Matalimmat 
pitoisuudet löytyivät perunan mukuloista. 

Korkeimmat lyijypitoisuudet todettiin raiheinässä (2. 
niitto), lantun ja sokerijuurikkaan naateissa, herneen varsis- 

sa sekä timotein ja puna-apilan odelmassa. Näiden keskipi-
toisuudet vaihtelivat välillä 1.13-1.55 mg Pb/kg kuiva-ai-
netta. 

Yleensä lyijypitoisuudet olivat alhaisimmat niissä kasvin-
osissa, jotka olivat olleet vähän tai ei ollenkaan alttiina il-
man vaikutukselle, kun taas suuri lehtipinta-ala ja pitkäai-
kainen altistus ympäröivän ilman vaikutukselle näyttävät 
olevan edellytyksenä kasvinosien suurille lyijypitoisuuksille. 
Tämä tukee käsitystä, että pääosa kasvien lyijystä on peräi-
sin suoraan ilmasta, eikä juurien kautta maasta. Verrattuna 
kansainväliseen tasoon suomalaisten kasvien lyijypitoisuu-
det ovat pieniä. 
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SENSITIVITY TO COPPER DEFICIENCY AND RESPONSE TO COPPER 
FERTILIZATION OF BARLEY AND OAT VARIETIES 

RAILI JOKINEN and HILKKA TÄHTINEN 

JOKINEN, R. & TÄHTINEN, H. 1988. Sensitivity to copper deficiency and response 
to copper fertilization of barley and oat varieties. Ann. Agric. Fenn. 27: 45-53. 
(Agric. Res. Centre, Dept. Agric. Chem. Phys., SF-31600 Jokioinen, Finland.) 

In a pot experiment using peat soil scanty in copper (0.37 mg/1 Cu, extractable in acid 
ammonium acetate-EDTA) none of the seven barley varieties produced a grain yield 
without copper fertilization and two out of seven varieties of oats produced a meagre 
grain yield. The reaction to copper fertilization by varieties of both plant species 
indicates their different copper requirements as demonstrated by differences in sizes of 
their grain yields, copper contents and uptakes of copper, respectively. 

Varieties whose grains have a high protein content appeared to require a more 
plentiful copper fertilization. However, the uptake of copper by these varieties was 
slight. 

Index words: pot experiment, copper fertilization, barley, oats, varieties, yield, 
copper content, copper uptake, copper deficiency, copper toxicity. 

INTRODUCTION 

High-yielding cereal varieties have been bred to 
meet the demands of intensive cultivation. An 
ample grain harvest, high in protein and 
produced by strong nitrogen fertilization 
causes an increase in the copper requirement of 
plants as copper has an important role as the 
activator of enzymes that take part in the 
synthesis of proteins and carbohydrates. Thus 
the sufficiency of utilizable copper in the soil 
to the plants may be stressed during the 
cultivation of demanding varieties. 

Copper deficiency clearly restricts the 
formation of the grain harvest more strongly 
than that of the straw crop because production 
of pollen is slight and a part of it is sterile 
(GRAHAM 1975). A few workers have found  

differences in the abilities of different varieties 
of the same cultivar to tolerate copper 
deficiency (e.g. SMILDE and HENKENS 1967, 
NAMBIAR 1967, TÄHTINEN 1978). The copper 
content of Finnish peat and coarse mineral soils 
is low (SIPPoLA and TARES 1978, KURKI 1982), 
which may limit the cultivation of demanding 
varieties unless copper fertilization is given. 

According to SCHARRER and SCHAUM-
LÖFFEL (1960) and TÄHTINEN (1978) the 
supply of copper to plants is adequate if the 
amount of copper taken up by the grains is 
greater than that by the straw crop. Assessment 
of latent copper deficiency during the growing 
season is not reliable as the copper contents 
vary widely among different plant species and 
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in the different parts of the plant (YLÄRANTA 
and SILLANPÄÄ 1984). The time when the 
external symptoms of copper deficiency appear 
in the plant is often far too late to ensure the 
supply of a seed crop by means of fertilization. 

The purpose of the present pot experiment 
was to determine the ability of some varieties 
of oats and barley cultivated at the end of the  

1970's in Finland, to produce a yield in a peat 
soil scanty in copper, as well as to estimate the 
copper requirement of different varieties of 
both cereal species. The sensitivity of plants to 
copper deficiency and fertilization requirement 
was estimated on the basis of the size of the 
grain yield, copper content and uptake of 
copper. 

MATERIAL AND METHODS 

In the pot experiment the growth medium for 
the plants was an acidic (pH(I-120) 4.0) sedge 
peat containing a scanty amount of copper (0.37 
mg/1 soil). 

Damp soil was weighed into six-liter plastic 
pots 3.4 kg (0.9 kg dry matter) after which the 
soils were limed with calcium carbonate 
(laboratory reagent),  close to six and fertilized 
with the following amounts of nutrients per 
pot: 1000 mg N (NH4NO3), 400 mg P 
(Ca(H2PO4)2  • H20), 1500 mg K (K2SO4), 200 
mg Mg (MgSO4  • 7H20), 5 mg B (H3B03), 10 
mg Zn (ZnSat  • 7H20), 10 mg Mn 
(Mn504  • 4H20), 1 mg Mo (Na2Mo04  • 2H2O) 
and 10 mg Fe (Fe-EDTA). Copper fertilization 
0 (Cu 0), 0.5 (Cu 0.5), 1 (Cu 1), 2 (Cu 2), 10 
(Cu 10), 50 (Cu 50) or 100 (Cu 100) mg/per pot 
Cu as CuSO4  • 5H20 was mixed into the soil 
batch at the same time as other fertilizations 
and liming. 

The oat varieties investigated were: Hannes, 
Orion III, Pendek, Puhti, Ryhti, Tiitus and 
Kalott and the barley varieties were: Hja 673, 
Kajsa, Otra, Paavo, Aapo, Pirkka and Pomo 
(Table 1). The barley varieties Kajsa and Pirkka 
and the oat variety Tiitus have higher genetic 
protein contents than the others. Twenty-five 
grains were sown per pot and the stands were 
not thinned after sprouting. The test had two 
replicates making a total of 196 pots. The test 
was for one year. 

The ripened grain crop was harvested, dried  

at 105 °C overnight and weighed. Copper 
contents of the straws and the grains were 
determined from the dry-ashed samples (450 °C) 
extracted in 2 M HC1 by AAS (Varian 1200). 
Grain weight was determined on the basis 
of four 100 grain lots. 

Table 1. Growth period (days) and relative protein content 
of grains (maximum 9) of oat and barley varieties. 

Growth 
period 

Relative 
protein 
content 

OATS 

Hannes (Hja)1 ) 97 8.5 
Orion III (Sv) 94 8.0 
Pendek (GB) 98 8.5 
Puhti (Jo) 98 8.5 
Ryhti (Jo) 101 8.5 
Tiitus (Jo) 95 9.0 
Kalott (Sv) 89 8.5 

BARLEY 

Hja 673 (Hja) 85 8.0 
Kajsa (Sv) 88 9.0 
Otra (Hja) 84 8.5 
Paavo (Jo) 90 8.0 
Aapo (Hja) 98 8.0 
Pirkka (Hja) 87 9.0 
Pomo (Jo) 91 8.5 

l)Hja = Hankkija Plant Breeding Institute, Finland 
Sv = Sveriges Utsädesförening Svalöf, Sweden 
Jo = Agricultural Research Centre, Dept. of 

Plant Breeding, Finland 
GB = Cebeco, The Netherlands 

2)M = multi-rowed 
T = two-rowed 
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Soil copper was extracted by acidic (pH 
4.65) ammonium acetate EDTA by shaking the 
prepared soil: liquid mixture (v:v = 1:10) for 
one hour (LAKANEN and ERVIÖ 1971). The 
copper content of the filtered extract was 
determined as for the plant samples. 

Because the test had only two replicates  

differences in treatments within one variety 
were not tested. Effects of the levels of copper 
fertilizer on yield characteristics were studied 
by linear or logarithmic correlation and 
regression analysis. Of these, that which better 
explained the variations in the dependent 
variable is presented. 

RESULTS 

Without copper fertilization barley varieties 
did not produce a grain yield and the oat 
varieties Puhti and Ryhti yielded a few grains 
(Table 2). For the oat varieties the least 
amount of copper (Cu 0.5 = 0.22 kg/ha, 20 cm) 
was sufficient to produce a meagre grain yield, 
excluding the variety Hannes. Of the barley 
varieties Kajsa, Aapo and Pomo produced no 
grain. The four productive barley varieties gave 
a somewhat larger yield (10.2-14.5 g/pot) than 
did the corresponding oat varieties (0.1-10.7 
g/pot). 

By Cu 1 fertilization the yield of productive 
oat varieties was 13.5 g/pot and that of barleys 
was 23.2 g/pot, on the average. The grain yields 
produced by the varieties of both plant species 
varied widely. Furthermore, Cu 2 fertilization 
did not suffice to level-out the differences 
among varieties. The multi-rowed barley 
variety Kajsa, two-rowed Aapo and the oat 
variety Tiitus were the most demanding with 
regard to copper. By the level Cu 10 the largest 
grain yield for most varieties was obtained. 

The levels Cu 50 and Cu 100, which are 
considered overly high as one application, were 
advantageous to most barley varieties. The 
highest level of copper caused a decrease in the 
grain yields of only two barley varieties (Kajsa 
and Aapo) and in two oat varieties (Orion and 
Tiitus). 

Table 2. Effect of amount of copper fertilizer on the yield 
of oat and barley varieties (g/pot). 

OATS 
Cu Hannes Orion Pendek Puhti Ryhti Tiitus Kalott 

mg/pot 	 III 
Grain crop 

0 
0.5 2.2 0.1 

0.1 
1.0 

0.5 
10.5 1.0 0.8 

1 4.2 3.9 8.3 22.5 27.7 9.6 18.2 
2 27.1 32.1 24.0 37.1 38.3 13.9 39.9 

10 41.0 40.7 48.1 47.1 44.0 36.9 38.4 
50 40.8 39.1 44.7 43.6 42.3 37.0 36.9 

100 41.3 37.2 47.8 44.9 43.8 32.4 39.2 

Straw crop 

0 58.0 21.6 48.6 61.6 63.1 37.3 32.6 
0.5 59.4 65.5 60.3 66.3 58.1 69.8 59.3 
1 61.1 69.6 65.3 60.0 57.4 62.5 57.3 
2 55.9 55.2 58.3 60.1 51.8 53.4 48.2 

10 49.1 51.5 51.3 57.3 57.9 48.8 47.5 
50 48.1 52.1 47.9 55.1 50.2 47.1 52.3 

100 48.1 48.6 49.2 53.0 52.9 44.5 49.4 
BARLEYS 

Hja 673 	Kajsa 	'Otra Paavo 	Aapo Pirkka Pomo 
Grain crop 

0 
0.5 

- 
9.2 

- 
14.5 9.2 9.7 

1 23.1 10.0 29.2 31.4 28.5 17.4 
2 38.0 28.4 41.0 42.8 7.7 38.8 33.4 

10 45.4 45.5 48.0 49.4 45.2 43.1 40.9 
50 46.5 42.5 46.8 52.0 45.8 43.1 42.1 

100 44.1 37.0 48.3 48.8 42.6 46.5 40.5 

Straw crop 

0 17.4 9.3 32.9 20.3 7.0 53.7 22.0 
0.5 35.2 47.1 40.2 40.0 25.4 51.3 38.9 
1 33.7 49.1 38.9 40.4 27.9 46.7 38.2 
2 40.7 42.4 43.9 43.0 51.5 49.4 36.7 

10 43.5 48.8 46.2 45.8 87.8 49.5 39.6 
50 43.8 47.6 45.4 47.8 86.5 49.2 39.9 

100 43.5 50.5 47.9 47.4 81.2 53.4 41.3 
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Without copper fertilization, Puhti and 
Ryhti produced a few grains and grew an 
abundant straw crop (Table 2). The share of 
the straw crop for the whole yield for oats was 
still high at the level of Cu 2, whereas the 
biggest straw crop was already obtained by a 
smaller level of copper. The straw crops of 
most oat varieties decreased accordingly when 
the level of copper fertilizer was raised. 

The straw crops of those barley varieties dem-
onstrated to be demanding, on the basis of grain 
yield, remained small without copper fertiliz-
ation. An increased supply of copper (Cu 
1-Cu 100) did not reduce the straw crop of 
the barleys as clearly as it did that of the oats, 
with the exception of the increasing straw crop 
of Aapo barley. 

The grain weight of the oat varieties was 
generally the highest in crops produced by a 
small level of copper (Cu 2 or less) and grain 
weight decreased somewhat with an increase in 
yield (Table 3). Of the barleys the largest grains 
were obtained by abundant copper fertilization 
(Cu 10 or more). 

The copper contents of both plant species 
rose only slightly up to the fertilizer level of 
Cu 10, after which a rise in the contents was 
sharper in the barley varieties than in the oat 

Table 3. Effect of amount of copper fertilizer on the grain 
weight (mg) of oat and barley varieties. 

OATS 
Cu Hannes Orion Pendek Puhti Ryhti Tiitus Kalott 

mg/pot 	 III 

0 20.3 25.2 
0.5 18.2 19.2 34.7 25.1 13.9 
1 29.0 38.0 34.7 34.7 31.2 
2 37.1 38.3 29.1 38.2 34.3 31.3 29.9 

10 31.9 37.5 27.9 34.0 31.3 31.1 29.2 
50 31.5 34.1 31.0 32.7 33.2 31.3 29.1 

100 32.0 31.8 29.9 34.2 34.2 32.3 27.6 

BARLEYS 
Hja 673 1Qsa Otra Paavo Aapo Pirkka Pomo 

0 - - - - - 
0.5 17.5 15.4 - 18.8 
1 18.8 19.1 17.2 20.3 - 24.7 25.2 
2 26.6 23.7 22.9 24.7 - 31.5 30.3 

10 29.1 27.5 26.3 26.8 35.8 32.7 36.3 
50 24.7 32.6 28.5 26.7 36.1 35.0 32.6 

100 25.1 30.7 28.6 27.5 32.6 33.0 32.3 

varieties (Table 4). The grains of barleys 
produced by high levels of copper, contained 
nearly double that compared to those of oats. 
For both plant species the rise in copper 
contents was clearest after the yield reached its 
maximum. 

The copper content in straw was somewhat 
higher for the barleys which were not fertilized 
with copper compared to fertilized (Cu 0.5-
Cu 10), and the difference was clearest in the 
most demanding varieties. For oats a corre-
sponding lowering in content was strongest in 
the Tiitus variety. 

Table 4. Effect of amount of copper fertilizer on copper 
contents (mg/kg dry matter) of grains and straws of oat and 
barley varieties. 

OATS 
Cu Hannes Orion Pendek Puhti Ryhti Tiitus Kalott 

mg/pot 	 III 
Grain crop 

0 
0.5 1.0 0.6 1.1 1.0 1.5 
1 1.1 1.1 0.9 1.4 1.4 1.5 1.1 
2 1.8 1.8 1.1 1.3 1.4 1.6 1.5 

10 2.5 2.7 1.4 2.0 2.4 2.5 2.3 
50 4.3 4.7 2.7 2.9 4.2 4.1 4.8 

100 4.9 6.1 4.2 4.5 4.5 4.9 5.9 

Straw crop 

0 1.7 2.1 2.3 2.2 2.0 2.2 1.8 
0.5 1.6 3.0 2.0 2.1 2.4 1.5 1.6 
1 1.7 2.3 2.8 2.2 2.3 1.7 1.9 
2 2.8 2.4 3.0 2.5 2.2 2.3 2.2 

10 2.6 3.1 3.1 2.9 3.1 2.8 2.4 
50 3.4 4.4 3.8 3.2 3.1 3.3 3.0 

100 3.5 5.4 4.1 3.4 3.2 3.9 4.0 

BARLEYS 
Hja 673 -Kajsa 	Osia Paavo 	Aapo Pirkka Pomo 

Grain crop 

0 - - 
0,5 1.2 0.8 0.8 0.5 
1 1.1 1.1 1.2 0.8 0.8 0.8 
2 1.2 1.0 1.1 1.2 1.5 1.4 1.4 

10 2.9 2.5 2.6 2.7 1.3 3.9 4.1 
50 7.1 5.9 4.3 7.5 2.9 8.6 7.7 

100 9.0 8.3 8.6 9.0 4.8 10.2 9.3 

Straw crop 

0 3.1 3.9 2.6 3.7 3.6 3.0 3.2 
0.5 2.3 2.1 2.2 2.6 3.1 1.9 2.2 
1 3.1 2.2 2.3 3.3 2.4 2.2 2.3 
2 2.1 2.1 2.1 2.7 2.3 2.3 2.7 

10 2.7 2.8 2.9 3.6 3.0 3.2 3.5 
50 3.8 4.0 4.3 4.8 3.9 4.5 4.5 

100 4.7 4.5 6.0 5.1 4.3 5.6 5.3 
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For the grain yield of oats the uptake of 
copper mostly remained lower than that by the 
straw crop (Fig. 1). In the barleys it was higher 
than in the straws nearly always around the 
level of Cu 10 (Fig. 2). From the moderate 
copper level (Cu 10) the least copper was taken 
up by the grain yields of Kajsa and Aapo 
barleys and Pendek oats, and the most by the 
grain yields of Pomo barley and Orion III oats. 
At the highest level of copper (Cu 100) the 
least copper was still taken up by the same  

barleys as likewise before for the grains of 
Tiitus oats. Kalott oats and Pirkka barley took 
up the most copper. 

In the whole material the dependence on the 
level of copper fertilizer (log x) was slightly 
firmer for the grain yield of oats than for 
barleys (Table 5). The decrease in the straw 
crop of oats correlated more clearly with an 
increased level of copper than the corre-
sponding increase in the straw crop of barley. 
The copper content of grains and straws of 

0 05 1 2 10 50 100 
Cu mg/pot 

Fig. 1. Effect of amounts of copper fertilizer on the amount of copper uptake (Cu gg/pot) in grain and straw crops of oat 
varieties. 
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Fig. 2. Effect of amounts of copper fertilizer on the amount of copper uptake (Cu µg/pot) in grain and straw crops of bar-
ley varieties. 

Table 5. Dependences (r) between amount of copper fertil-
izer (x) and crop characteristics (y) in oats and barleys. 

OATS BARLEYS 

Grain, g/pot 0.81*** 0.77*** (log x) 
Straw, g/pot -0.77*** 0.42** (log x) 
Grain, Cu mg/kg 0.89*** 0.91*** 
Straw, Cu mg/kg 0.80*** 0.86*** 
Grain, Cu µg/pot 0.97*** 0.91*** (log x) 
Straw, Cu µg/pot 0.50** 0.82*** 
Total crop, Cu µg/pot 0.95*** (log x) 

both plant species rose linearly along with the 
level of fertilizer increased. The dependence 
appeared to be slightly clearer for the barleys 
than for the oats. The correlation between the 
uptake of copper by the crops of the two plant 
species and level of fertilizer Cu (log x) was for 
the grain yield stronger in oats, and for the 
entire yield in barley. 
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DISCUSSION 

The sensitivity to copper deficiency of seven 
oat and seven barley varieties commonly 
cultivated in Finland at the end of the 1970s 
was studied in a one-year pot experiment using 
scanty copper sedge peat as the growth medium. 

SMILDE and HENKENS (1967) demonstrated 
that some varieties of barley tolerate a scarcity 
of copper better than oats, whereas some are 
more sensitive than oats to copper deficiency. 
The results of the present investigation indicate 
the same, as without copper fertilization not 
one variety of barley produced a grain yield and 
likewise for oats, only two produced a few 
grains. By a smaller level of copper (Cu 0.5) a 
larger grain yield was obtained in four barley 
varieties than in six of the grain-producing oat 
varieties. The brief growth period and the high 
protein content of the grains appeared to have 
some connection with a higher copper require-
ment among different varieties (for example, 
Tiitus oats and Kajsa barley). In addition, dif-
ferences in the physiological activity of the root 
system may be possible (SmiLDE and HENKENS 
1967). 

Of the unfertilized oats the resulting 
abundant straw crop indicates that the soil 
contained a sufficient amount of copper for the 
growth of this plant species. In the absence of 
copper fertilization the straw crops of barley 
were usually small which perhaps points to a 
greater copper requirement of barley. GUPTA 
and MACLEOD (1970) demonstrated in a pot 
experiment a decreasing straw crop in both 
plant species when increasing the supply of 
copper. For barley the results of the present 
investigation are not in that direction. 

The increase in the straw crop and grain 
yield of the barleys consequent to an increase in 
the level of copper fertilizer shows barley to 
require perhaps more copper than do oats for 
the production of both yields. The greater 
copper requirement of barley is also suggested 
by the facts that the grain yield of oats already  

reached its maximum by a slightly low level of 
fertilizer, the copper contents of the grains and 
straws of oats did not rise as high and the 
uptake of copper by the crops was not as great 
as those of the barleys. 

According to GUPTA and MACLEOD (1970) 
the optimal copper contents for these plants 
would be 1.8 mg/kg for oat grains and 2.0 
mg/kg for barley grains. In the opinion of 
SNOWBALL and ROBSON (1984) a plant's 
internal copper requirement does not show 
how a plant species or variety will react to 
copper fertilization. First of ali this can be 
shown by the differences in the copper uptakes 
of fertilized crops. According to the present 
study the copper uptakes of plants species and 
that of different varieties of the same species 
would differ from each other in that the grains 
of varieties sensitive to copper deficiency 
(Tiitus, Kajsa and Aapo) took up less copper 
than others. The copper uptake of less de-
manding varieties was the greatest. 

The larger uptake of copper by the grain 
harvest than by the straw crop as an index of 
the sufficiency of copper supply to the cultivars 
(SCHARRER and SCHAUMLÖFFEL 1960, 
TÄHTINEN 1978) did not appear to be valid at 
least in the case of the oat varieties, as only the 
two largest copper levels (Cu 50 and Cu 100) 
would have been sufficient for a few varieties. 
As for the barleys, the even distribution of 
copper uptake between the grain and straw 
yield was obtained in many varieties already at 
the level of Cu 10. 

The working group appointed by the 
Association of Agricultural Researchers of the 
Nordic Countries presented that the copper 
content of fodder for domesticated animals be 
6-10 mg/kg (ANON. 1975). The corre-
sponding limit of 5-8 mg/kg has been 
suggested in Canada (DICK et al. 1985). In the 
present study an abundant level of copper (Cu 
100) raised the copper content of grains in only 
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two brown-hulled oat varieties (Orion III and 
Kalott) to the range set as the objectives for 
fodder. Most of the barley varieties already 
reached it by the copper level of Cu 50. For 

animal fodder, the barley varieties Pirkka and 
Pomo would be the most suitable as they 
produce a grain harvest which is abundant in 
copper even by moderate copper fertilization. 
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SELOSTUS 

Ohra- ja kauralajikkeiden herkkyys kuparin puutteelle ja reagointi kuparilannoitukseen 

RAILI JOKINEN ja HILKKA TÄHTINEN 

Maatalouden tutkimuskeskus 

Yksivuotisessa astiakokeessa niukkakuparisella (0.37 mg/1 
Cu, happamaan ammoniumasetaatti-EDTA:han uuttuva) 
turvemaalla yksikään ohralajike (Hja 673, Kajsa, Otra, 
Paavo, Aapo, Pirkka, Pomo) ei tuottanut jyväsatoa. 
Kahdesta kauralajikkeesta (Puhti ja Ryhti) saatiin vähäinen 
sato, muut kaurat (Hannes, Orion III, Pendek, Tiitus, 
Kalott) eivät tuottaneet jyväsatoa. 

Kuparilannoitukseen (0.5, 1, 2, 10, 50 tai 100 mg/ast. Cu 
= 0.22, 0.44, 0.88, 4.4, 22 tai 44 kg/ha, 20 cm) reagoivat 
kuparia vähän tarvitsevat lajikkeet pienemmillä lannoite-
määrillä kuin vaateliaat lajikkeet. Runsaan jyväsadon 
tuottamiseen tarvitsivat Kajsa- ja Aapo-ohrat sekä Tiitus-
kaura muita enemmän kuparia. Nämä lajikkeet reagoivat 
muita aikaisemmin liian suureen kuparimäärään, jolloin 
sekä jyvä- että olkisato vähenivät. 

Pienillä kuparilannoitemäärillä ohrien ja kaurojen jyvät  

sisälsivät kuparia lähes yhtä paljon, noin 1 mg/kg kuiva-
ainetta. Runsas kuparilannoitus kohotti ohrien kupari-
pitoisuuden noin kaksinkertaiseksi kauroihin verrattuna. 

Kuparin suhteen vaateliaiden lajikkeiden koko sadon 
mukana poistui maasta vähemmän kuparia kuin vaati-
mattomien lajikkeiden sadossa kasvilajista riippumatta. 
Ohrien sadot ottivat yleensä kuparia huomattavasti 
enemmän kuin kaurojen. 

Kuparin suhteen vaateliaat lajikkeet näyttivät olevan 
aikaisia, niiden jyvien geneettinen valkuaispitoisuus oli 
muita korkeampi ja niiden juuriston fysiologinen aktii-
visuus saattoi olla muita alhaisempi. Näihin lajikedminai-
suuksiin voitaneen vaikuttaa jalostuksen keinoin. Eläinten 
rehuksi sopinevat parhaiten Pirkka- ja Pomo-ohrat, sillä ne 
tuottivat runsaasti kuparia sisältävän jyväsadon jo kohta-
laisella kuparilannoituksella. 
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1134 01 Lappi 	 2144 07 Karklampi 
04 Naarjoki 	 08 Hårjunsalmi 
06 Panelia 	 10 Ruolahti 
07 Kauttua 	 11 Pihlajakoski 
08 Eura 
09 Peipohja 	2313 09 Kärnänsaari 
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2322 10 Ytterbråtö 
2143 01 Padankoski 	 11 Kokkola 

02 Kyynärö 	 12 Trullögrundet 
05 Torittu 

3131 11 Luumäki 

3431 12 Kajaani 

1987 painetut maaperäkartat (1:20 000). Soil maps printed 
in 1987. (Yhteistyössä Geologian tutkimuskeskuksen ja 
maanmittaushallituksen kanssa. In cooperation with the 
Geological Survey of Finland and the National Board of 
Survey of Finland.) 
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Maanviljelyskemian ja -fysiikan osasto, Jokioinen 

Department of Agricultural Chemistry and Physics, 
Jokioinen 

ALAKUKKU, L. Tiivistymishaittojen mekaaninen korjaami-
nen. Isäntäakatemia 87: 88-93. 
Onko jankkuroinnista, syväkynnöstä tai myyräsalaoji-
tuksesta apua maan tiivistymisongelmiin. Maatalouden 
tutkimus ja tuotanto -päivät 28.-30.7.1987. Maatalou-
den tutkimuskeskus, Jokioinen. Mimeogr. 6p. 
Suuri akselipaino ja maan tiivistyminen. Käytännön 
Maamies 36, 9: 34-35. 
Mistä apu maan tiivistymiseen. Oma maa 40: 8. 

AURA, E. Maa ja lannoitus. Porkkanan tuotanto. Tieto 
tuottamaan 46: 32-38. 
Veden pääsy salaojiin jäykissä savimaissa 1. Käytännön 
Maamies 36, 11: 32-34. 
Maan rakenne ja vesitalous. Uusi Maatilatieto 2: 22-
28. Kirjayhtymä Oy, Helsinki. 
Maan pieneliöstö ja sen hyödyntäminen. Uusi Maatila-
tieto 2: 37-41. Kirjayhtymä Oy, Helsinki. 

ELONEN, P. Jordpackning - ett problem i finsk 
åkerodling. Nord. Jordbr.forskn. 69: 480. 
Jordpackningen - ett problem för växtodlingen i 
Finland. LOA 2: 58-60. 
Jyrsinkylvö vuoden 1986 koetulosten valossa. Käytän-
nön Maamies 36, 4: 34-37. 
Tiivistyminen viljanviljelyssä. Isäntäakatemia 87: 51-
59. 
Maatalouden sääpalvelu - avuksi viljelijöille ja muille-
kin. Polio Plus (Forssan rotaryklubien julk.). p. 10. 
Hur torkans olägenheter kan förhindras. Växtproduk-
tion för lantbruksskolor. p. 143-164. Helsingfors. 
& NIKKARI, P. Betydelse av spridningstid och -metod 
för kalkningseffekten: NJF-seminarium nr. 123. Kalk 
og kalkning i jordbruket. 5 p. 

ESALA, M. Sään vaikutus rikkakasvien torjunta-aineiden 
tehokkuuteen. Tietoisku Kangasalan maatalousnäytte-
lyssä 7.-9.8.1987. Mimeogr. 2 p. Oma maa 23.9.1987. 
11 3. 
Maatalouden sääpalvelu laajentunut. Karjatalous 63, 5: 
58. 
Sääennuste puhelimesta. Pelto-Pirkan Päiväntieto 1988: 
106-107. 
Rikkakasvien mekaaninen torjunta multamaalla. Koe-
toim. ja Käyt. 44: 36. 
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, JAAKKOLA, A., KÖYLIJÄRVI, J. & TALVITIE, H. 
Kevätviljojen vakuutuksenomainen lehtilannoitus tar-
peeton. Koetoim. ja Käyt. 44: 31. 

JOKINEN, R. & TUUPPA, R. Saostuskemikaalien vaikutus 
puhdistamolietteiden maanparannusarvoon. Suom. Maa-
tal.tiet. Seur. Tied. 9: 172-178. Oma maa 33, 18: 5-6. 
& TÄHTINEN, H. Copper content of coarse mineral and 
peat soils and the growth of oats in a pot experirnent. 
Ann. Agric. Fenn. 26: 227-237. 
& TÄHTINEN, H. Effect of soil copper content and pH 
on the efficiency of copper sulphate in a pot experiment. 
Ann. Agric. Fenn. 26: 239-249. 
& TÄHTINEN, 1-1. Karkeiden kivennäismaiden ja tur-
vemaiden kuparipitoisuus ja sen vaikutus kauran kas-
vuun astiakokeessa. Maatalouden tutkimuskeskus, Tie-
dote 17/87: 1-17. 
& TÄHTINEN, H. Maan kuparipitoisuuden ja happa-
muuden vaikutus kuparilannoituksella saatuihin satotu-
loksiin. Maatalouden tutkimuskeskus, Tiedote 17/87: 
18-37. 
& TÄHTINEN, H. Maan pH-luvun ja kuparilannoi-
tuksen vaikutus kauran hivenravinnepitoisuuksiin. 
Maatalouden tutkimuskeskus, Tiedote 17/87: 38-47. 
& TÄHTINEN, H. Kaura- ja ohralajikkeiden herkkyys 
kuparin puutteelle ja eri kuparimäärillä saadut tulokset. 
Maatalouden tutkimuskeskus, Tiedote 17/87: 48-62. 
& TÄHTINEN, H. Kuparilannoitelajien vertailu astia-
kokeessa kauralla. Maatalouden tutkimuskeskus, Tie-
dote 17/87: 63-68. 

KEMPPAINEN, E. Stallgödselns utnyttjande - intensiv ani-
malieproduktion. Nord. Jordbr.forskn. 69: 278. 
Körskador vid flytgödselspridning. Nord. Jordbr.-
forskn. 69: 487. 
Flytgödsel - handelsgödsel. Skördar i de internordiska 
försöken. NJF Utredninger-Rapporter 39: 30-38. 
Inverkan av ströslag på. stallgödselns kväve. NJF 
Utredninger-Rapporter 39: 72-80. 
Kompostoinnin vaikutus lietelannan laatuun ja käsitel-
tävyyteen. II: Kompostoinnin vaikutus sian lietelannan 
lannoitusarvoon. Summary: Effect of composting on the 
fertilizer value of swine slurry. VAKOLAn tutkimusse-
lostus 45. 20 p. 
Tiivistyminen lietelannan levityksessä. Muokkaus ja 
maan tiivistyminen. Isäntäakatemia 87. p. 80-87. 
Karjanlannan käyttö. Viljavuustutkimuksen tulkinta-
opas peltoviljelyssä. Viljavuuspalvelu Oy. p. 25-27. 
Säilörehun puristeneste hyötykäyttöön. Koetoim. ja 
Käyt. 44: 10. 
, KOIVISTO, K. & KARHUNEN, J. Kompostoinnin vai-
kutus lietelannan laatuun ja käsiteltävyyteen. Koetoim. 
ja Käyt. 44: 28. 
Effect of litter peat, straw and sawdust on the value of 
cow manure. Ann. Agric. Fenn. 26: 79-88. 
Amrnonia binding capacity of peat, straw, sawdust and 

cutter shavings. Ann. Agric. Fenn. 26: 89-94. 
Silage effluent: Nutrient content and capacity to reduce 
ammonia loss when rnixed with urine or slurry. Ann. 
Agric. Fenn. 26: 95-105. 
Fertilizer value of silage effluent. Ann. Agric. Fenn. 26: 
107-115. 
Use of cow slurry in establishing grass swards. Ann. Ag-
ric. Fenn. 26: 117-129. 

KEMPPAINEN, R. Puna-apilan ymppäys Rhizobium-baktee-
rilla. Inoculation of red clover by Rhizobium strain. Maa-
talouden tutkimuskeskus, Tiedote 20/87: 1-24. 

MYLLYS, M. Turvemaiden salaojitusongelmia. Käytännön 
Maamies 36, 12: 28-29. 

PIETOLA, L. Maan mekaaninen vastus kasvutekijänä. Maa-
talouden tutkimuskeskus, Tiedote 24/87. (In print.) 
& ELONEN, P. Peltokasvien sadetus normaalia koste-
ampina kasvultausina 1980-1985. Maatalouden tutki-
muskeskus, Tiedote 23/87. (In print.) 
Juuren kamppailu tiivistyneessä maassa. Käytännön 
Maamies 36, 9: 20-21. 
Sadetus sateisina kesinä. Käytännön Maamies 36, 9: 
24-27. 

PITKÄNEN, J. Kynnön korvaaminen äestyksellä. Isäntäaka-
temia 87. p. 41-50. 
Kyntämättömyys kiinnostaa. Käytännön Maamies 36, 8: 
62-64. 
Aurattoman viljelyn vaikutukset kevätviljojen satoon ja 
laatuun sekä maan viljavuuteen. Kasvinviljelytieteen 
laudaturtyö. 81 p. 

SAARELA, I. Tuhkat maanparannus- ja lannoitusaineina. 
Suom. Maatal.tiet. Seur. Tied. 9: 179-185. Oma maa 
33: 86. 
Perunan lannoitus runsasravinteisella maalla. Koetoim. 
ja Käyt. 44: 18. 
Tuhka kalkitus- ja lannoitusaineena. Käytännön Maa-
mies 36, 6: 22-24. 
Maan pH-luvun vaikutus ravinteiden saantiin. Koe-
toim. ja Käyt. 44: 44. 
Boorin puute heikentää sadon laatua. Käytännön Maa-
mies 36, 12: 21-23. 
Maanparannuksen vaihtoehdot. Jyvä 3/1987: 15. 
& SIPPOLA, J. Kalkituksen vaikutus kasvien fosforin 
saantiin. Koetoim. ja Käyt. 44: 52. 
, JOKINEN, R. & SIPPOLA, J. Samspel mellan kalkning 
och mikronäringsämnenas tillgänglighet. NJF Semi-
narium 123. Kalk og kalkning i jordbruket. 5 p. (In 
print.) 

SOINI, S. Viljavuuslukujen suhteet, kevätvehnän jyväsato ja 
sen kivennäisainepitoisuus. Koetoim. ja Käyt. 44: 15. 

TURTOLA, E. Kesannointi huuhtoo ravinteita. Saroilta 
5/87: 28-29. 
Voidaanko typen ja fosforin huuhtoutumista vähentää? 
Jyvä 3: 4. 
Huuhtoutumat haitallisia vesistöille ja maaperälle. 
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Maas. Tulev. 71, 89: 2. 
Voidaanko typen ja fosforin huuhtoutumista vähentää. 
Maatalouden tutkimus ja tuotanto -päivät 28.-
30.7.1987. Maatalouden tutkimuskeskus, Jokioinen. 
Mimeogr. 4 p. 
Viljelykasvin vaikutus ravinteiden huuhtoutumiseen 
savimaasta Jokioisten huuhtoutumiskentällä v. 1983-
1986. Maatalouden tutkimuskeskus, Tiedote 22/87. (In 
print.) 

YLÄRANTA, T. Ilmasta laskeutuvien haitallisten epäpuh-
tauksien vaikutus viljelymaahan ja kasveihin. Maatalou-
den tutkimus ja tuotanto -päivät 28.-30.7.1987. Maa-
talouden tutkimuskeskus, Jokioinen. Mimeogr. 9 p. 
Ilman epäpuhtauksien vaikutus viljelykasveihin ja -maa-
han. Happamoitumisprojektin tutkimusseminaari 21.-
24.4.1987. p. 116. 
Selengödsling i Finland. Kungl. Skogs- och Lantbr. 
akad. Rapport nr 26: 66-76. 
Radioaktiivinen laskeuma ja säteilyvalvonta. Maatalou-
den tutkimuskeskus, Tiedote 14/87 Osa 1: 1-27. 
Lyijyn haitat ovat luultua pienemmät. Forssan Lehti 
30.5.1987. p. 1, 8. 
Peltojen saastumisesta ajankohtaisia tietoja. Hyvinkään 
Uutiset 19.7.1987. p. 3. 
Ilmansaasteiden vaikutus viljelymaahan ja -kasveihin. 
Oma Maa 43: 4. 
Seleenilannoitus purrut vahvasti. Koetoim. ja Käyt. 44: 
41. 
Raskametallit pahin uhka kasvintuotannolle. Koetoim. 
ja Käyt. 44: 48. 
Liikenteen lyijypäästöstä vähäinen osa kasveihin. Vilje-
lyrajoitukset silti tarpeen. Maas. Tulev. 71, 110: 22. 
Maatalous ja ympäristö. Suomenmaa 17.12.1987. 
Ympäristön muutokset heijastuvat maatalouteen. Ilma-
kehän hiilidioksidipitoisuus kaksinkertaistuu vuoteen 
2040 mennessä. Maas. Tulev. 71, 148: 2. 

Puutarhaosasto, Piikkiö 

Department of Horticulture, Piikkiö 

HIIRSALMI, H., JUNNILA, S. & SÄKÖ, J. Ahomansikasta 
suomalainen viljelylajike. Maatalouden tutkimuskeskus, 
Tiedote 18/87: 1-8. 
, JUNNILA, S. & SÄKÖ, J. Mesimarjan jalostus johtanut 
tulokseen. Maatalouden tutkimuskeskus, Tiedote 18/ 
87: 9-21. 
, JUNNILA, S. & SÄKÖ, J. 'Aura' and 'Astra', Finnish 
arctic bramble hybrid varieties. Ann. Agric. Fenn. 26: 
261-269. 
, JUNNILA, S. & SÄKÖ, J. 	a Finnish wood 
strawberry variety. Ann. Agric. Fenn. 26: 271-274. 

HÄNNINEN, K., PESSALA, R. & TIKANMÄKI, E. Porkkanala- 

jikkeet. Porkkanan tuotanto. Tieto tuottamaan 46: 
22-25. 

JUHANOJA, S. Effect of rooting hormones on the rooting of 
juvenile Ficus pumila L. cuttings. Ann. Agric. Fenn. 26: 
285-290. 
Lemmikkejä äitienpäiväksi. Puutarha 90: 344-345. 
Ruukkuleinikin viljely. Puutarha 90: 474-475. 
Kuparilehti ja mesiriippa. Puutarha 90: 734-735. 
Freesian kasvupohjan jäähdytys. Puutarhakalenteri 
1988. Puutarhaliiton Julk. 248: 280-284. 
Hiilidioksidilannoitus leikkoruusujen tuotannossa. 
Puutarhatekniikka 87. Ruusunviljelyseminaari. Lepaa 
13.8.1987. Mimeogr. 4 p. [Available at Finnish Glass-
house Growers' Assoc., Helsinki.] 

JUNNILA, S. & HIIRSALMI, H. Genetic background of green 
fruit colour in blackcurrant. Ann. Agric. Fenn. 26: 
275-278. 
, HIIRSALMI, H. & SÄKÖ, J. A green-fruited blackcur-
rant variety 'Vera?. Ann. Agric. Fenn. 26: 279-283. 

LAURINEN, E. & SÄKÖ, J. Cultivation of the strawberry in 
plastic house and under fibre-cloth cover. Ann. Agric. 
Fenn. 26: 315-322. 

LEHMUSHOVI, A. Uusia kokemuksia ryhmäruusuista. Puu-
tarha 90: 272-274. 
Astiataimien talvettaminen ulkona. Puutarha 90: 666-
668. 
Ryhmäruusujen lajikekokeet vuosina 1981-84. Maata-
louden tutkimuskeskus, Tiedote 16/87. 29 p. 
Kauneimmat ja kestävimmät ryhmäruusulajikkeet. Koe-
toim. ja Käyt. 44: 64. 
Rose varieties in the experimental field 1981-84. Ann. 
Agric. Fenn. 26: 291-297. 

NURMISTO, U. & PESSALA, R. Utnyttjandet av jordvärmen 
i plasthusodling. Nord. Jordbr.forskn. 69: 471. 

PESSALA, R. Keräkaalin varhaislajikkeet muovihuone- ja 
harsoviljelyssä. Puutarha 90: 200-201. 
Avomaavihannesten SF-lajikkeet. Puutarha 90: 64-66, 
68-71. 
Syksyllä korjattavat porkkanat testattu. Koetoim. ja 
Käyt. 44: 19. 
Erfarenheter av täckmaterial i grönsaksodlingen på fri-
land. Nord. Jordbr.forskn. 69: 473. 
Avomaavihannesten SF-lajikkeet. Puutarha-Uutiset 39: 
1262-1265. 
Avomaakurkkulajikkeet. Puutarha 90: 795-797. 
SF-sorter för frilandsgrönsaker. Trädgårdsnytt 41, 19: 
14-15, 20: 14-15, 21: 11, 22: 16-17. 
Avomaaviljelyyn suositeltavat vihanneslajikkeet. Puu-
tarhakalenteri 1988. Puutarhaliiton Julk. 248: 202-204, 
206-207, 209-212, 214-215. 
Värdeprov i kombination med andra undersökningar. 
Samordnad sportprovning av köksväxter. Seminarium, 
Ultuna 8.12.1986. Mimeogr. 2 p. [Available at Agric. 
Res. Centre, Dept. Hort., Piikkiö.] 
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Aikaiset keräkaalilajikkeet. Koetoim. ja Käyt. 44: 62. 
Cultivation of partenocarpic pickling cucumber varieties 
in a plastic house. Ann. Agric. Fenn. 26: 299-306. 

PESSALA, T. Syklaamin viljely. Puutarha 90: 8-9. 
Bouwardian viljely. Puutarha 90: 416-417. 
Ruusun viljely kivivillassa ja turpeessa. Tautinen lehti. 
Tuorlan puutarhatalouden ylioppilaspohjaisen viljelylin-
jan kurssijulkaisu. p. 32-34. [Available at Tuona Ag-
ric. and. Hortic. School, Piikkiö.] 
Uusia tutkimustuloksia leikkoruusuilla. Puutarhatek-
niikka 87. Ruusunviljelyseminaari. Lepaa 13.8.1987. 
Mimeogr. 4 p. [Available at Finnish Glasshouse Grow-
ers' Assoc., Helsinki.] 
Effect of bench width, plant density and thinning of 
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Fenn. 26: 307-313. 

SÄKÖ, J. Nya finska äppelsorter och grundstammar samt er-
farenheter med åsplantering. Nordisk kursus i frugtavl. 
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Puutarhatutkimusta 60 vuotta. Puutarha 90: 889-893. 
& LAURINEN, E. Hedelmä- ja marjakasvilajikkeet. Puu-
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TUOMINEN, M. Herbisidiseokset puutarhaviljelyssä. Kas-
vinsuoj.seur. 22. Rikkakasvipäivä. Mimeogr. p. 34-37. 
[Available at Kasvinsuojeluseura ry., Jokioinen.] 
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Juolavehnän torjunta avomaan vihannesviljelyksillä. 
Puutarha 90: 596-597. 
Milloin rikkakasvien torjuntaan. Puutarhatekniikka 87. 
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15.8.1987. Mimeogr. 4 p. [Available at Finnish Glass-
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koristekasvien talvehtiminen talvella 1984-85. Maata-
louden tutkimuskeskus, Tiedote 9/87. 38 p. 

Tuhoeläinosasto, Jokioinen 

Department of Pest Investigation, Jokioinen 
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maa 33, 2: 1, 3. 
Odour source finding behaviour of the turnip root fly, 
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iour of the onion fly Delia antiqua (Diptera: Anthomy-
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HOKKANEN, H. Tuholaiset vaihtelevat, tuhot säilyvät. Iso 
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30500-X.] 
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Kasvinsuoj.seur. 8. Kasvitauti- ja tuhoeläinpäivä. p. 
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toim. ja Käyt. 44: 26. 
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Käytännön Maamies 36, 6: 30-32. 
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Leikkoruusua vioittavat ankeroiset ja niiden torjunta. 
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& ANTILA, • V. Fossomatic 360 solulaskentalaitteen 
koetus. Valt. Maitotal. Tutk.lait. Kone- ja tarvikekoet. 
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ten riskien kannalta. Seminaari: Haittamikrobit elin- 
tarviketeollisuudessa. Kaupunkiopisto, Espoo, Finland 
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mince. 17th WEFTA. Meet. Dublin, Ireland 8.-
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Microbiology group. Subgroup: Detection of contami-
nants. Northampton, UK 26.10. 1987. Abstract. 
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20.-26.9.1987. Abstract p. 69. 
Vinokkaat toisella sijalla herkkusienien jälkeen Euroo-
passa. Kiinnostus siitakkeen viljelyyn lisääntyy. Puutar-
hauutiset 50: 1437. 

JENSEN, K., GENIGEORGIS, C. & LINDROTH, S. Propability 
of growth of Clostridium botulinum as affected by strain, 
cell, and serologic type, inoculum size, and temperature, 
and time of incubation in a model broth system. J. Food 
Safety 8: 109-126. 

KEIJOLA, A.-M., HIMBERG, K., ESALA, A.-L., SIVONEN, K. 
& HIISIVIRTA, L. Removal of Cyanobacteria toxins in 
water treatment processes — laboratory and pilot scala 
experiments. lst Biennal Water Quality Symposium: 
Microbiological aspects. Alberta, Kanada 29.8.-2.9. 
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