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ANNALES AGRICULTURAE FENNIAE, VOL. 22. 195-205 (1983)

Seria ANIMALIA DOMESTICA N. 63 — Sarja KOTIELAIMET n:o 63

USE OF TOWER RAPESEED MEAL SEPARATELY AND TOGETHER
WITH PEA MEAL TO REPLACE FISH AND SOYBEAN MEAL IN
LAYERS’ DIET AT VARYING PROTEIN CONCENTRATIONS

Tuomo KIskiNEN

KusKINEN, T. 1983. Use of Tower rapeseed meal separately and together with pea meal
to replace fish and soybean meal in layers’ diet at varying protein concentrations. Ann.
Agric. Fenn. 22: 195-205. (Agric. Res. Centre, Inst. Anim. Husb., 31600 Jokioinen, Fin-
land.) .

Rapeseed meal (RSM) from the low-glucosinolate cultivar Tower was fed in two experiments as a
replacement for fish and soybean meal at three protein levels (cale. 13,5, 14,8, 16,2 %) of layers’
diet. In the first experiment the RSM formed c. 50 % of the supplementary protein (5, 8 and
11 % in diet) and in the second experiment both RSM and pea meal (PM) were included at levels
of 4, 8 and 12 %, replacing all fish and soyBean meal.

No significant differences in egg production, egg weight or mortality could be ascertained be-
tween the supplementary protein groups and protein levels in each experiment. Because the diets
were not isocaloric, feed consumption by the RSM-PM groups was significantly higher
(P < 0,01) than thac by the control groups dnd the feed efficiency of the test protein groups was
inferior (though not significantly) to the control groups in each experiment. The final body weight
of the hens in the RSM-PM groups was significancly (P << 0,001) lower than that of the control

groups. Tower RSM caused an average thyroid enlargement of 30 and 60 % (P << 0,001) in Ex-
periments 1 and 2, respectively.

Index words: rapeseed meal, pea meal, protein level, laying hen, egg production, mortality, thy-
roid weight.

INTRODUCTION

Increased mortality, and reduced egg production and
efficiency of feed conversion of laying birds have often
been reported when more than 5 % rapeseed meal
(RSM) from the older varieties has been included in
the diets (VooT et al. 1969 Summzrs et al. 1971, March
et al. 1972, Lesue and Summers 1972, Oromu et al.
1975, Trowmas et al. 1978, Lievska 1978). The adverse
effects have been attributed to the erucic acid, glucosi-
nolates and low energy content of such meals. Plant
breeding has developed new varieties (low erucic acid;
low glucosinolate, low fibre) for commercial producti-
on. ‘Meals derived from low-erucic acid and low-

glucosinolate cultivars (LG-RSM) do not have any
drastic effects on egg production compared with soy-
bean meal (SBM), even when used up to 10—15 % in
diets (Voo and Torces 1976, Suncer et al. 1978, Ros-
seee et al. 1978, Trowmas et al. 1978, Huran and Proun-
roor 1980, 1981). However, mortality has often in-
creased, and egg weight and feed efficiency decreased
with fairly high contents of LG-RSM. A typical phe-
nomenon, which is also associated with the use of LG-
RSM, is the increase in size of the thyroid gland. The
goitrogenic effects are due to glucosinolates, or prima-
rily to their breakdown products — chiefly goitrin.
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Moderate amounts of up to 30 % pea meal (PM) in
layers’ diets’ do not cause any problems to egg produc-
tion (Moran et al. 1968, Anpersson and Erwincer
1976, Guiaume 1978, Ricuter 1981). Because the
first limiting amino acid in PM as well in RSM is
methionine, this amino acid ought to be supplement-
ed in the rations if these sources of protein are used to
any significant extent,

The potential for producing plant protein available

to single stomach animals is limited under Finnish
conditions. If the situation arises in which Finland
must become self-sufficient in its protein resources,
unnecessary use of protein will have to be avoided.
This study was designed to compare the performance
of laying hens feéding on three different protein levels,
using LG-RSM separately or together with PM as the
main supplementary protein in the diets.

MATERIAL AND METHODS

Animals and housing

White Leghorn pullets (strain SK 12) were transferred
at 20 weeks of age to two-tier stair-step model laying
cages. Three hens were placed at random in one cage
(400 cm?/hen.). The hens were fed a commercial lay-
ing ration until 24 weeks of age when they were pla-
ced on the experimental diets. At this point their aver-
age egg laying intensity was 74 % in Experiment 1
and 76 % in Experiment 2. The duration of the first
experiment was 9 periods of 28 days and that of the
second experiment 10 X 28 days. In the windowless
building 11 hours of light per day was provided at the
start of the experiments and then increased gradually
to a maximum of 16 hours. The lighting intensity was
10 lux. The room temperature varied in winter be-
tween 15 °C and 20 °C, and in spring and summer be-
tween 15 °C and 25 °C. The variations in relative hu-
midity were 45—65 % and 40—90 %, respectively.

Experimental design

Each experiment had a 2 X 3 factorial design. The fac-
tors in Experiment 1 were the rapeseed meal level and
the protein concentration. The RSM levels were 0 and
50 % of the supplementary protein and the calculated
protein contents were 13,5, 14,8 and 16,2 %. In the
second experiment the calculated protein concentra-
tions were the same as in the first experiment, but
RSM and PM together replaced all fish and soybean
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meal in the diets. In both trials, four replicate groups
of 30 hens were used for each treatment. Thus the lev-
els of protein sources had 12 replicates and the protein
contents 8 replicates each.

Diets and feed;ing

The rapeseed meal was extracted from the low-
glucosinolate Tower variety (Brassica napus). The pea
meal was a mixture of different cultivars. The concen-
tration of RSM depended on the protein level: 5, 8
and 11 % in Experiment 1 and 4, 8 and 12 % in Ex-
periment 2 (Tables 1 and 2). The contents of PM were
the same as those of RSM (Expt. 2). Analyses of each
test protein source are presented in Table 3.

Meat and bone meal and single cell protein were in-
cluded in all diets as domestic protein sources. An at-
tempt was made to make the ME concentration of the
diets the same with supplementary fat. Synthetic DL-
methionine was added o produce the same concentra-
tion of this aming acid in each of the diets. The expe-
rimental diets were in meal form and feeding was ad
libitum.

Measurements

The numbers and total weight of eggs were measured
daily, and the feed consumption was measured at four
periods for each replicate of the treatments. The hens



were weighed individually at the beginning and at the
end of the experiments. Mortality was recorded.

A single day’s production was taken three timés
during the experiments for determinations of eg;é
quality. The weight of albumen and Haugh unit
(HU) were determined with Ames HU micrometér
and the specific weight of the eggs using NaCl sol-
utions. Possible deterioration in flavour due to the
RSM feeding was investigated by tasting eggs from
layers on the two highest RSM levels and the corré}
sponding controls. The total number of people who
participated in these tests was 16.

The number of thyroid glands removed and weigh-
ed at the end of the experiments was 12 and 17 for
each RSM concentration in Experiments 1 and 2, res-
pectively.

Analyses of diets and blood

A proximate analysis (Weende) was done for each test
protein and each lot of the feed mixtures. Twisselman
ether extraction was used in determination of the
crude fat. Amino acid analysis was performed on pro-
tein feeds and on a common sample of each diet. Be~
fore elution with a gas chromatograph (Hewlett Pack-
ard 5710) the samples were hydrolysed in 6N HCl

saturated with nitrogen gas (110 °C for 20 hours).
Calcium and phosphorus determinations were per-
formed in the laboratory of Viljavuuspalvelu Oy. The
contents of glucosinolates in RSM and tannins in RSM
and PM were determined in the State Institute of Ag-
ricultural Chemistry. Glucosinolates were analysed by
gaschromatography (Thies 1976) and tannins by the
FOLINDENIS method (Herrmann 1963).

At the end of the first experiment, blood samples
were taken from the right wing vein of nine hens per
treatment. Haemoglobin was determined as cyano-
methaemoglobin and haematocrit by centrifuging (5
minutes, 1500 rpm). Serum analyses (total protein, al-
bumin and serum protein-bound iodine) were per-
formed in a private laboratory (Yhtyneet Kliiniset La-
boratoriot Oy).

Statistical analyses

Mean values of egg production, feed consumption and
mortality obtained for replicates and data of body
weights, egg quality, blood values and thyroid weights
were subjected to analyses of variance. The significance
of differences between treatments, levels of protein
sources and protein concentrations was assessed by Tu-
key's test (SteeL and Torrie 1960) and by the t-test.

RESULTS AND DISCUSSION

The analysed protein contents of the diets correspond-
ed well with the calculated values, exceeding them
slightly (Tables 1 and 2). The methionine contents of
the diets and especially that of PM (Table 3) were,
however, lower than the calculated or table values, re-
ferring to possible destruction of this amino acid by
hydrolysis. The determined lysine content of some
diets also deviated markedly from the calculated value.

The content of progoitrin was approximately the sa-
me and that of gluconapin lower than the values
which Oisen and Serensen (1980) reported for TO-
WER rapeseed. The content of tannins (0,5 %) was
equal to the values which Auu~ (1979) determined for

1283027435

peas from food cultivars.

The inclusion of Tower RSM separately or together
with PM in the diets did not significantly affect egg
production (Table 4). The successful use of LG-RSM
up to 11—-12 % in the diet agreed with the results of
several earlier studies with 10—15 % RSM of Tower or
other LG cultivars in layers’ diets (Vocr and Torces
1976, Suncer et al. 1978, Tromas et al. 1978, Rossiee
et al. 1978, Hutan and Prouproor 1980, 1981). Be-
cause the number of replicates was only four, the rela-
tively small differences berween the treacments could
not be statistically confirmed.

No significant interaction could be ascertained be-
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Table 1. Percentage composition, calculated and analysed contents of che diets in Expt.1.

Diet 1 2 3 4 5 6

Fish meal 1 - 2 1 3 L5

Soybean meal 2 - 4 - 6 2

RSM (Tower) - 5 - 8 - 11

Meat and bone meal 4

Single cell protein" 1 -

Barley 57 55 55 52 53 49

Qats 23,5 23 22,5 22 21,5 19,2

Grass meal 4

Soya oil 0,5

Animal fat - 0,5 - - 0,5 - 0,8

Limestone flour 6 .

Sodium chloride 0,5

Mineral premix? 0,25

Vitamin premix? 0,15

DL-methionine 0,08

Crude prot, % calc. 13,5 13,5 14,8 14,8 16,2 16,2

o anal. 14,1 14,0 15,3 15,1 16,4 16,7

ME MJ/kg  calc. 10,20 10,15 10,20 10,06 10,20 10,00

Methionine % calc. 0,30 0,30 0,31 0,31 0,32 0,32
" anal. 0,28 0,28 0,30 0,29 0,30 0,30

Lysine % calc. 0,59 0,56 0,69 0,65 0,79 0,77
. anal. 0,47 0,41 0,69 0,63 0,90 0,73

Calcium % anal. 2,83 3,08 2,55 3,23 2,97 3,16

Phosphorus " 0,65 0,61 0,62 0,61 0,62 0,69

1 The domestic SCP products Pekilo and Silva

2 Supplied per kg of die: 20 mg Fe, 45 mg Zn, 48 mg Mn, 4 mg Cu, 0,6 mg Co, 0,5 mg 1, 0,1 mg Se.

 Supplied per kg of diet: 15000 IU vitamin A, 1800 IU vitamin D;, 20 mg vitamin E, 1 mg vitamin K, 3,5 mg By, 1 mg By, 15 mg B,
18 mg niacin, 0,24 mg folic acic, 500 mg choline chloride.

Table 2. Percentage composition, calculated and analysed contents of che diets in Expt.2.

Diet N 1 2 3 4 5 6

Fish meal 1 - 2 - 3 -

Soybean meal 3 - 5 - 7 -

RSM (Tower) - 4 - 8 - 12

Pea meal - 4 - 8 - 12

Meat and bone meal 3

Single cell protein 1

Barley 58 55 55,5 50 54 45

Qats 23 22 22,5 18,5 21 15,5

Grass meal 3

Soya oil 0,5

Animal fat - 0,2 - 0,35 - 0,5

Limestone flour 6

Dicalcium phosphate 0,5

Sodium chloride 0,5

Mineral premix" 0,25

Vitamin premix! " 0,15

DL-methionine 0,08

Crude prot. % calc. 13,5 13,5 14,8 14,8 16,2 16,2

" anal, 13,8 13,5 15,1 15,0 16,2 16,4

ME MJ/kg  calc. 10,25 10,17 10,25 * 10,00 10,25 9,89

Methionine % calc. 0,30 0,30 0,31 0,30 0,32 0,30
" ' anal 0,24 0,24 0,29 0,27 0,28 0,25

Lysine % calc. 0,60 0,57 0,70 0,67 0,79 0,77
v " anal, 0,51 0,54 0,68 0,63 0,65 0,74

Calcium " anal. 3,08 3,23 3,16 2,95 3,10 2,86

Phosphorus " 0,61 0,61 0,69 0,63 0,67 0,73

! Supplies as in Expt.1.
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Table 3. Analysis of Tower rapeseced meal and pea meal

Tower RSM Pea meal
Proximate analysis (X SD)
N 5 4
Dry matter % 87,3+ 0,3 84,4% 1,0
% in DM.
Crude protein 40,5 ¥ 0,4 2751 1,4
Crude fat 1,704 1,2%0,2
fibre 12903 6,207
Ash 82%0,2 3,4%0,1
Special analysis (N 1)
Tannins 0,9 0,5
Gluconapin % in fat free DM. 0,44 -
Glucobrassicanap. " 0,03 -
Progoitrin 0,55 -
2-OH-4 pentenylgluc. 0,14 -
Amino acids (g/16gN)
Methionine 1,4 0,4
Cystine 1,5 0,8
Lysine . 60 5.8
Arginine 5,7 7.9
Histidine 2,8 2,1
Leucine 6,9 6,2
Isoleucine 3,3 3,6
Phenylalanine 4,0 4,1
Tyrosine 3,2 3.4
Threonine 39 3,1
Valine 4,6 4,2
Glycine 5,0 3,7
Alanine 4,5 4,0
Asp. acid 6,5 9,5
Glutam, acid. 16,7 14,8
Serine 4,0 2,4
Proline 6,0 3,9

tween the use of RSM and protein lével with regard to
the production performance (Table 6). However, in
the case of the lowest protein level in Experiment 1 the
difference between the two RSM levels in laying per-
centage and egg weight may be attributed to the dif-
ferences in protein quality of the diets. The contents of
lysine and isoleucine in rapeseed protein are lower than
in soybean and fish protein. According to Muzrar et al.
(1980) true amino acid availability values are lower
for LG-RSM than SBM, ranging from 82 to 95 % and
90 to 97 %, respectively.

There was a tendency towards decreased egg weight
when RSM and PM were used together, replacing all
fish and soybean meal (Expt. 2). One possible but not
very probable reason for this is the haemagglutinins in
peas, but relatively high contents of PM are needed to
decrease egg weight by any notable amount (GuiLaume
1977, Ouasoro et. al. 1980, Davioson 1980).

Neither protein level had any significant effect on

Table 4. Egg production in Experiments 1 and 2.

Protein

level % Expt. 1./Expt. 2.

14,0/13,6 15,2/15,0 16,5/163 X SEV
Expt. 1.
RSM Egg production %
0 66,2 69,3 67,8 67,8 0,99
+ 64,9 66,9 67,4 66,4 1,05
X 65,6 68,1 67,6 67,1 0,72
SE 1,21 1,26 1,27 -

Egg weight g
0 60,1 59,8 59,9 59,9 0,27
+ 59,2 59,6 60,2 59,7 0,27
X 59,7 59,7 60,0 59,8 0,19
SE 0,35 0,34 0,32 -

Production g/hen/day
0 39,6 41,2 40,4 40,4 0,44
+ 38,2 39,6 40,3 39,4 0,49
X 38,9 40,4 40,3 39,9 0,33
SE 0,55 0,57 0,59 -
Expt. 2
RSM+PM  Egg production %
0 70,0 67,6 68,9 68,8 0,95
+ 68,1 68,6 69,1 68,6 0.95
X 69,0 68,1 69,0 68,7 0,67
SE 1,15 1,35 1,09 -

Egg weight g
0 60,1 60,3 60,4 60,2 0,28
+ 59,7 59,5 60,1 59,8 0,28
X 59,9 59,9 60,2 60,0 0,20
SE 0,34 0,34 0,34 -

Production g/hen/day
0 41,7 40,5 41,4 41,2 042
+ 40,4 40,5 41,3 40,7 0,43
X 41,1 40,5 41,3 41,0 0,30
SE 0,51 0,56 0,48 -

D Standard error of mean.

the performance of hens in any trial, although in
Experiment 1 the lowest level (14 %) caused an
approximately 2 percentage units lower egg produc-
tion than the higher protein levels (Table 4). Appar-
ently the quality of supplementary protein was poor
because a great deal of it was composed of meat and
bone meal. The low analysed values of lysine for the
low protein diets refers at least to the deficiency of this
amino acid, but the decrease in production was sur-
prisingly slight if we compare the low contents of lysine’
in the diet (0,41/0,47 %) to the requirement 0,52 %
(NRC 1977) at this energy level. The insignificant effect
of the protein level (13,6—16,5 %) in this study is not
uncommon, because other authors have not found any
adverse effects on egg production by decreasing the
protein content to 12—13 % in the diet (Miier et al.
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1957, ThHornton et al. 1957, Fernanpez et al. 1973,
Kowstap and Lien 1974, Er Bousiy and Munwyk
1978).

Feed intake by the test protein groups was higher
(P < 0,05) than that of the control groups in Experi-
ment 2, but in Experiment 1 the difference between
the control and RSM groups was small. This is in a-
greement with the calculated ME contents of the
diets.

Although attempts were made to balance the ME
contents of the diets, differences still remained and we-
re greater in Experiment 2 than in Experiment 1 (Ta-
bles 1 and 2). The protein consumption of the RSM-
PM groups was higher (P < 0,01) than that of the
control groups. Naturally, an increase in the protein
content produced an increase in the protein consump-
tion (P << 0,01). There was interaction between
source and level of protein in feed and protein intake
(Table 6). This can be explained by the differences in
the ME contents between the control and test protein
groups. This difference increased when the protein lev-
el rose,

In each trial the test protein groups consumed an
average of 0,1 kg more feed per kg eggs than the con-
trol groups (Table 5). There was a tendency towards
decreased feed efficiency when the protein content in-

Table 5. Feed consumption and efficiency of feed conversion (X SE)

creased in Experiment 1. The consumption of protein
per kg eggs increased (P <C 0,01) when the protein
concentration increased.

Body weight increased in all groups (Table 7). In
Experiment 1 the increase was approximately to the
same extent in all treatments but in Experiment 2 the
final body weight and percentage gain of the RSM-
PM groups were significantly (P << 0,001) lower than
those of the control groups.

Morrality was not significantly affected by the inclu-
sion of RSM in layers’ diets, but in both trials mortali-
ty was, however, higher in the test protein groups (Ta-
ble 7). Furthermore, the LG meals in concentrations
exceeding 10 % of the diet have shown a tendency to
increase mortality (Granpri et al, 1977, Suncer et al.
1978, Trowmas et al. 1978, Huran and Prouproor 1980,
1981).

The differences in the egg quality parameters be-
tween the dietary treatments were generally slight (Ta-
ble 8). The height of albumen and HU of the RSM-
PM groups were lower than those of the control groups
(P <€ 0,05). In the first experiment the quality of al-
bumen at the lowest protein level was better than at
the other levels. The use of RSM has not generally
been detrimental to albumen quality or shell strength
(Lesuie and Summers 1972, Voor and Stute 1974, Brar

RSM level Signi- Protein level (%)
ficance

Expt. 1. 0 + 14,0 15,2 16,5
Feed g/hen/day 1269 £ 054  127,5 £ 0,63 NS 1262+ 0,82 1282 % 0,65 127,3 * 0,64
KJ ME/h/d’ 1294 5,6 1284 * 6,4 " 1284 * 8,5 1299 * 6,6 1285 T 6,6
Crude protein g/h/d 194 *0,14 19,5 *0,18 17,7 0,12 19,5 *o,108 21,1 *o,11°
kg feed/kg eggs- - 3,19 10,038 3,29 *0,043 3,29 10,050 3,22 10,051 3,20 *0,049
MJ ME/kg eggs 32,5 1040 332 T0,44 <336 *o52 326 t0,53 324 to051
g protein/kg eggs 486 63 502 7,1 463 *7,0¢ 490 r76 530 *g2d

RSM + PM
Expt. 2. o 0 ' + 13,6 15,0 16,3
Feed g/hen/day i - 1276 £ 045 1304t 0,58 XX 129,41 0,59 1268 10,53> 1310 + 0,75
KJ ME/h/d ;. 1308 148 1306 5,8 NS 1321 * 6,1° 1284 * 5,54 1318 £ 6,9
Protein g/h/d ©oi92 fo,13 197 o019 XX 17,8 *o08 19,1 to08! 215 *ou4
kg feed/kg eggs 3,14 *0,033 325 *0,039 NS 3,19 10,044 3,18 10,048 3,20 0,042
MJ ME/kg eggs 322 035 326 %040 " 32,7 1046 322 1050 323 t043
g protein/kg eggs 473 ts57 490 7,0 439 T60° 480 t72¢ 526 r71°

NS = non-significant

XX P<0,01
a-b P < 0,05
¢-d-e P <C0,01

200

Values with different superscript letters are significantly different.
If no letters are used the differences are non-significant.



Table 6. F-values of analysis of variance.

df Egg Egg wt. Prod./  Feed KJ/day Protein/  Feed/  M]J/kg Protein/
prod. g/day  intake day kg eggs eggs kg eggs
% 8/day
Expt. 1.
Treatments 5 0,68 0,51 1,57 2,54* 1,55 101,7%** 1,40 1,31 8,84%#»
RSM level 1 0,90 0,46 2,30 0,48 0,10 0,66 3,36 2,17 3,30
Protein level 2 1,13 0,37 2,29 2,02 1,29 234,19 1,71 1,28 20,0%%*
RSM X Prot. 2 0,15 0,69 0,49 4,01¢ 2,51 6,87** 0,93 0,91 0,55
Expt. 2.
Treatments S 0,24 0,49 0,61 11,2%%* 6,49%**  183,4%** 1,19 0,54 18,6%*+
RSM-PM level 1 0,03 1,44 0,60 15,6%** 0,16 16,6***  4,59* 0,90 5,06*
Protein level 2 0,20 0,37 0,66 11,9%%*  12,6***  344,6*** 0,07 0,25 41,7%%
RSM-PM X Prot. 2 0,39 0,15 0,58 7,40%* 3,30 27,2%** 0,62 0,65 2,00
Dd.f. of error: Expt. 1 210, Expt. 2 234
* P<0,05
** p < 0,01
***p < 0,001
Table 7. Body weight and mortality of hens (X SD)."
RSM level . Protein level
Signi- Signi-
0 + ficance 14,0/13,6 15,2/15,0 16,5/16,3 ficance
Expt. 1.
Initial body we. kg 1,99 £ 0,010 2,00 ¥ 0,11 NS 2,00 £ 0,014 20110013 1,99 £ 0,012 NS
Final " " 218t 0014 2,18*o0014 " 2,19t 0,019 21810017 217*0,016 "
We.gain % " 94 *o045 9,1 *o,52 9,6 *0,65 89 10,55 9,3 *0,59
Mortalicy % 53 T1,3 83 X 14 9,6 20 46 t14 63 1,5
RSM+PM
0 +
Expt. 2
Initial body wt. kg 1,95 £ 0,009 1,95%0,010 NS 1,96 ¥ 0,013 1,94 ¥ 0,012 1,96 £ 0,011 NS
Final ~ " 2,16 10,013 2,091 0,013  *** 2,12 £0016 21110016 2,14 ¥ 0,015 "
Wr. gain % 105 o047 7,3 T046 b 82 10,59 9,2 *0,61 9,2 10,53 "
Mortality 1,9 *o5 3,1 X06 NS 2,5 08 1,3 104 38 Y07 "
SD = standard deviation
ss¢ P <0,001
Table 8. Data of egg quality tests (X SD)
RSM level Protein level Expt. 1/Expt. 2 (%).
Expt. 1. 0 + Signi- 14,0/13,6 15,2/15,0 16,5/16,3
: ficance ’
Height of albumen mm 581 1,2 5871 1,2 NS 60t 1,12 5,7 X1,1P s;7F 1,30
HU 752196 75,2 19,6 " 77,1 19,1 74,5 X 9,0° 74,4 T 10,4°
Spec. weight 1,0827 1,0825 " 1,0830 1,0824 1,0825
SD 0,0046 0,0042 0,0046 0,0047 0,0042
Expt. 2.
Height of albumen 68%1,0 67110 » 6871 1,2 68% 1.2 6,71 1,2
HU 829183 81,81 8,6 » 82,7 * 84 82,6 8,1 81,8189
Spec. weight 1,0838 1,0840 NS 1,0839 1,0834 1,0843
SD 0,0046 0,0044 0,0048 0,0044 0,0045
*
o P<005
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Table 9. Effect of feeding rapeseed meal on thyroid weight (£SD) of laying hens.

RSM % (Expt. 1/Expt2) 0/0 S5/4 8/8 11/12 RSM Signi-
average ficance
Expt. 1
N 24 12 12 12 36
Thyroid wt. (¥SD) 158,5 * 41,4 188,0 £ 54,0¢¢f 2355 £ 50,1f  199,1 * 33,24 208,1 ¥ 5,0 P << 0,001%**
Thyroid mg/100 g 72 1,6 8,5k 2,79 10,1 & 23l 9ot gdef 9,21+ 2.2 ”
body wt.
Expt. 2
N 17 17 17 17 51
Thyroid w. 166,6 T 42,235 2237 F 54,50def 2454 T 56,80cdf 271 5 + 58 gbedf 246,9 ¥ 59,0
Thyroid mg/100 g 7,6% 2,00 107 25 11,7+ 27f 1291 3qbf 1,8% 29 ”
body wt.
a-b P < 0,05
c-d P < 0,01 Values with different superscript letter in the same row are significantly different.
e-f P < 0,001
Table 10. Blood and serum values (* SD) in Expt. 1.
RSM level Protein level (%)
Signi- Signi-
N 0 + ficance N 14,0 15,2 16,5 ficance
Hb g/1 27 17,1 2.2 16,9 £ 2,0 NS 18 163+ 1,5 17,5+ 15 173 * 3,1 NS
Haematocrit % 32,1128 31,7 %26 ” 31,2 %28 32,6 %24 31,7% 23 ”
Serum prot. g/! 46,71 4,5 448130 4441 24 46,5 + 3,7 46,2142
Serum alb, " " 172116 174114 "o172% 10 17,7118 17,0+ 1,5 ”
SBIY kg/100 ml 033%0,13 031%0,12 0,26 X011 0351011 035%0,13

Y serum protein-bound iodine

Table 11. Observations in the egg tasting tests.

Group 5 (RSM 0 %)/Group 6 (RSM 11-12 %)

G. 5 has berter taste than G. 6 26
G. 6 has better taste than G. 5 18
No difference 30
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et al. 1975, Owomu et al. 1975, Tromas et al. 1978,
Huian and Proproor 1981). Neither has protein level
had detrimental effects on albumen or shell quality
(Kowstap and Lien 1974, Er Bousay and Muiwix
1978, Kuskinen 1979).

The:inclusion of Tower RSM in the diets increased
the absolute and relative weights of the thyroid gland
(Table 9). This increase was an average of 30 and
60 % (P << 0,01) in Experiments 1 and 2, respective-
ly, and was approximately similar to that reported by
Voot and Torees (1976) and Tromas et al. (1978)
with 10 % LG-RSM.
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Number of observations

%

35
24
41
100

No significant differences in haematological or se-
rum values could be found, although the content of se-
rum protein in the RSM groups (Expt. 1) was approx-
imately two percentage units lower than in the control
groups (Table 10). The values of Hb and serum pro-
tein at the lowest protein level were lower than at the
other levels.

According to the distribution of the opinions in the
taste tests, RSM did not affect the taste of the eggs ad-
versely. This was to be expected, because the "fishy”
taint of eggs associated with the sinapine of RSM is
mainly found in the eggs of certain breeds of hens lay-



ing brown eggs (Hosson-Fronock et al. 1973, 1977,
Overred and Eison 1975, Hawrysu et al. 1975).
The results of this and other studies indicate that
rapeseed meal from low-glucosinolate cultivars may be
incorporated in layers’ diets at a level of 1015 %.
The protein level of layers’ diets can be reduced to

13,5—14 %, even if only domestic protein reserves are
available, for example in crisis situations. This does
not need to cause any distinct decrease in egg produc-
tion or profits. One must pay attention to the suffi-
ciency of amino acids, and the ME content of the ra-
tion should be balanced according to the requirements.
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SELOSTUS

Rapsijauhon kiytts erikseen ja yhdessi hernejauhon kanssa
munivien kanojen lisivalkuaisrehuna

TuoMo KISKINEN

Maatalouden Tutkimuskeskus

Vihin glukosinolaatteja sisiltdvin Tower rapsilajikkeen (00) uutet-
tuja jauhoja kiyteteiin munivien kanojen rehussa 4/5, 8ja 11/12 %
rehun valkuaistasosta (13,5, 14,8 ja 16,2 %) riippuen kahdessa ko-

keessa, joista toisessa rehuihin sisllytettiin myds samat midrit her-
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nejauhoa kuin rapsijauhoa. Rapsijauho korvasi ensimmiisessi ko-
keessa noin puolet lisavalkuaisesta ja toisessa kokeessa kaiken kala-ja
soijajauhon. Kummassakin kokeessa oli jokaisessa ryhmissi 120 (4
X 30) kanaa ja kokeiden kestoajat olivat 9 ja 10 kk.



Rapsijauhon tai rapsi-hernejauhon kiytts ei vaikuttanue merkit-
sevisti munan tuotantoon millddn valkuaistasolla. Myoskadn valku-
aistasojen vililld ei olluc merkitsevid eroja, vaikkakin ilmeisesti val-
kuaisen laadusta johtuvaa tuotannon laskua oli todettavissa ensim-*

"miisen kokeen alimmalla valkuaistasolla. Toisessa kokeessa rapsi-
hernejauhoryhmien painonlisdys oli merkitsevisti pienempi kuin
vertailuryhmien. Lahinni rehujen energiavikevyyserojen vuoksi rap%
si-herneryhmien rehunkulutus oli suurempi kuin vertailuryhmien.
Molemmissa kokeissa rapsi- tai rapsi-hernerehuja kului n. 0,1 kg

enemmin munakiloa kohden kuin vertailurehuja. Rapsijauhon

kaiyteo lisdsi kilpirauhasen suhteellista painoa ensimmiisessd kokees-

sa keskimiirin 30 ja toisessa kokeessa 60 %.

Koetulosten mukaan kaksinolla-rapsilajikkeiden uutettuja jauhoja
voidaan sisillycead 10— 15 %:iin saakka munivien kanojen tiysrehui-
hin. Rehujen valkuaispitoisuuden alentamisen 13,5 — 14 %:iin pel-
kistaan kotimaisen lisivalkuaisen varassa, ei tarvitse vilttdmicrd ai-
heuttaa mitdin huomattavaa tuotannon laskua. Aminohappojen riit-
tavyydestd on huolehdictava sekd rehun energiapitoisuutta mahdol-

lisuuksien mukaan nosteccava rasvalisiykselli.
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THE EFFECT OF DIETS SUPPLEMENTED WITH REGENT RAPESEED
MEAL ON PERFORMANCE OF BROILER CHICKS

H

Tuomo KIISKINEN

KisKINEN, T. 1983. The effect of diets supplemented with Regent rapeseed meal on
performance of broiler chicks. Ann. Agric. Fenn. 22: 206—213. (Agric. Res. Centre, Inst.
Anim. Husb., SF-31600 Jokioinen, Finland.)

Rapeseed meal (RSM) from the low-glucosinolate cultivar Regent was fed as 0, 8, 16 and 22 % of
a broiler diet at two energy levels (11,2 and 12,1 MJ ME/kg). RSM replaced soybean meal
(SBM). The inclusion of RSM in the diet decreased by c. 15 g (P << 0,01) the live weights of the
broilers at the age of 2,5 weeks. The weight gain between the ages of 2,5 and 6 weeks did not, on
the whole, differ berween the RSM groups and the SBM controls. The growth rate and feed effi-
ciency of the broilers were better (P < 0,01) at the ME level of 12,1 MJ than at the level of 1 1,2
MJ/kg. Morality was not significancly affected by the dietary treatment. The relative weight of
the chyroid gland increased by an average of 80 % when RSM was included in the diets
(P <<'0,001). Enlargement of the liver was also found in the RSM groups. The feeding of RSM
was not found to affect the acceprability of broiler meat.

Index words: rapeseed meal, energy level, broiler chick, growth rate, morrality, thyroid weighr, li-
ver weight.

INTRODUCTION

Compared with soybean meal (SBM), dietary levels of
5—10 % rapeseed meals (RSM) extracted from the
older high-glucosinolate (HG) cultivars have negative-
ly affected the growth rate of chicks (Summers et al.
1969, Owomu et al. 1974, Lieinska 1978, Yue and
McBrioe 1978, Fris Jensen and GaarbBo THOMSEN
1980). Meals from the new low-glucosinolate (LG)
cultivars have clearly succeeded better than HG meals
(Marancos et al. 1974, Mooboy et al. 1978, Saimon
1979, CampseiL and Smitn 1979). LG meals have been
used up to 15—30 % in experimental diets and growth
of the chicks has generally been the same or slightly
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inferior to the SBM control (Mooby et al. 1978, Sat-
son et al. 1979, Huwan et al. 1980, Hutan and Proun-
roor 1981, Fris Jensen and Gaaroso Tromsen 1981, Ei-
winGER et al. 1981). Because the ME value of LG-RSM
is lower than that of SBM the inclusion of LG-RSM is
the diets of broiler chicks has often impaired feed effi-
ciency if the dietsihave not been isocaloric.

This study was conducted to investigate the feeding
value of Regent LG-RSM (Brassica napus) for broiler
chicks. Rapeseed meal was compared with soybean
meal at two energy levels,



MATERIAL AND METHODS

Animals and housing

A total of 2880 day-old broiler chicks of a commercial
strain (Pilch) was randomly distributed into 32 floor
pens so that each pen held 45 male and 45 female
birds (15/m?). The initial temperature was 33 °C and
it was reduced by 2—3 °C weekly to 19 °C at five
weeks of age. The birds were subjected to continuous
lighting of 20 lux for the first 10 days and for the re-
mainder of the experimental period the duration was
reduced to 23 h and light intensity to 10—5 lux. Each
pen was furnished with two cylindrical feed pans and
one automatic waterer. Wood shaving was used as lit-
ter.

Experimental procedure

Treatments were allotted to pens in a 2 X 4 factorial

Table 1. Composition (%) of the expe;'imental diets.

design in which the factors were RSM levels (0, 8, 16
and 22 %) and energy levels (11,2 and 12,1 MJ ME/
kg). Four pens were assigned to each dietary treat-
ment. The total weight of day-old chicks in each pen
was measured and individual weights measured at the
ages of 19 and 40 days. Feed consumption was rec-
orded for the periods between the weighings. In the
slaughterhouse, the total weight of the carcasses from
each pen was measured. Leg weakness was recorded in
the broiler house. After the last weighing 17 birds per
RSM level were randomly selected and killed. Their
thyroid glands and livers were removed and weighed.
In the slaughterhouse four sample carcasses per RSM
level of 0, 16 and 22 % were chosen at random and
frozen. The thawed carcasses were covered with alumi-
nium foil and cooked in electric ovens (200 °C for 1,5
hours) without any spices. A panel of seven people at
the Institute independently tasted for strange and un-
pleasant flavours in breast and thigh meat.

ME level M]/kg 11.2 12.1
RSM level % 0, 8 16 22 0 8 16 22
Fish meal 5
Meat and bone meal 3
Pekilo 1
Soybean meal 15 10 5 - 15 10 5 -
RSM  (Regent) - 8 16 22 - 8 16 22
Barley (whole) 59 55,2 51,4 49,8 42,4 38,7 35,0 33.6
(dehulled) - - - - 10 10 10 10

Wheat - - - - 20 20 20 20
Qats 15 15 15 15 - - - -
Rapeseed oil 0,4 1,2 2,0 2,6 2,0 2,7 3.4 3,8
Limestone flour 0,5
Dicalcium phosphate 0,3
Sodium chloride 0,3
Mineral premix! 0,25
Vitamin premix? 0,15
DL-methionine 0,08
Crude protein % calc. 20,5

" " anal. 20,0 19,8 20,1 19,8 19,9 20,1 20,0 20,4
Crude fat o 3,5 4,4 5,9 7,0 4,6 5,4° 7,2 7,7
Methionine "' calc. 0,42

" " anal. 0,32 0,32 0,34 0,38 0,32 0,34 0,36 *0,39
Lysine " calc. 1,10

"’ " anal. 1,06 0,95 0,94 1,07 1,05 1,13 0,98 1,00
Calcium " 1,16 1,17 1,15 1,17 1,14 1,16 1,15 1,16
Phosphorus " 1,05 0,98 0,98 1,07 1,10 08 . - 099 0,98
ME M]J/kg calc.” 11,10 11,26 11,26 11,35 11,93 12,06 12,02 12,06

D Supplied per kg of diet: 20 mg Fe, 45 mg Zn, 48 mg Mn, 4 mg Cu, 0,16 mg Co, 0,5 mg I, 0,1 mg Se :
2 Supplied per kg of diet: 15000 IU vitamin A, 2000 IU vitamin D;, 20 mg vitamin E, 1,5 mg vitamin K, 4,5 mg B,, 3 mg B, 0,015
mg B,,, 22 mg niacin, 4,5 mg calcium pantothenate, 0,9 mg folic acid, 500 mg choline chloride, 0,075 mg biotin, *

» ME value of 2 MJ/kg for RSM
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Diets and feeding
All diets contained 5 % fish meal, 3 % meat and bone

meal and 1 % Pekilo single cell protein (Table 1). Soy- '
bean meal was gradually replaced with RSM extracted

Table 2. Analysis of Regent rapeseed meal.

Proximate Analysis %
Dry matter 90,0
Crude protein in DM 39,0

" far 8,1
" fibre 12,0
Ash 7,8

Glucosinolates in fat free DM
Gluconapin 0,21
Glucobrassicanapin 0,22
Progoitrin 0,36
2-OH-4 pentenylgluc. 0,03

Amino acids g/16gN
Methionine 1,7
Cystine 1,8
Lysine 5,6
Arginine 6,5
Histidine 2,0
Leucine 7.4
Isoleucine 3,7
Phenylalanine 4,5
Tyrosine 3,3
Threonine 4,4
Valine 4,9
Glycine 5,1
Alanine 4,9
Asparric acid 7,6
Glutamic acid 8,1
Serine 4,5
Proline 7,1

RESULTS AND

Proximate analysis of the RSM revealed that the oil
content of the meal was exceptionally high, although it
should have been processed by conventional hexane
extraction (Table 2). The distribution of glucosinolates
was different from that of the Tower meal in the au-
thor’s earlier study. on laying hens (Kuskinen 1983).
The analysed crude protein contents were on average
of 0,5 percentage units below the calculated values
(Table 1). The supplemented oil was mixed satisfacto-
rily because the differences in the fat contents between
the diets corresponded to the differences between the
formulae. The determined methionine contents were
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from Regent lowglucosinolate (00) cultivar. An at-
tempt was made to make the energy contents of the
diets of each energy level isocaloric with supplementa-
ry rapeseed oil. This was not completely successful be-
cause RSM contained more oil than expected (Table
2). The difference between the ME levels was produc-
ed with oil supplementation and cereal composition.
The diets were offered ad libitum as meal because no
pelletizing plant was-available.

Chemical and statistical analyses

The proximate analysis (Weende) was performed for
the experimental diets and rapeseed meal (Tables 1
and 2). Amino acids and glucosinolates were determi-
ned as described in the author’s earlier study (Kuskmven
1983). Calcium was analysed with an atomic absorp-
tion spectrophotometer and phosphorus with a photo-
meter after colour reaction with ammonium vanadate.
Total fat in liver was determined by eluting it with
dichloromethanemethanol according to the method of
Maxwe et al. (1980).

Data were analysed using analysis of variance. Sig-
nificances of differences between the means were gen-
erally assessed by Tukey's test (Stee. and Torrie 1960).
In the case of thyroid and liver weights, the t-test was
used.

DISCUSSION

lower than the calculated level in all cases.

At the age of 2,5 weeks the mean live weights of
the broilers fed with the RSM diets differed signifi-
cantly (P < 0,01) from those fed with the control
diets (Table 3). This was associated with the ME level
of 11,2 MJ and there was significant interaction
(P < 0,01) between the RSM and ME level in both
sexes (Table 6). No differences in growth rate were
found between the ME levels during this first phase.
On the whole, the weight gain at the age interval of
19—40 days and the final body weight of the RSM
groups did not differ significantly from the control



" Table 3. Body weight and gain of broilers.

RSM level (%)

0 8 22 X SE R
ME-level
MJ/kg Males (19 days) bodx weight g
11,2 457%A 4320bd 438bed 4135C 435 12,4
12,1 4398 434 427 4430 436 13,2
X 447¢ 4334 4334 4294 435 9.1
SE 15,5 19,5 18,8 17,8 ’
Males (40 days) body weight g

11,2 1608° 1557°  1565®  1564%C  1573C 32,0
12,1 1602¢ 16088 1577¢ 163642 1606° 35,7
X 160554 1586%bd  1571b¢ 16044 1591 24,2
SE 49,1 44,6 53,8 44,8

Females (19 days) body weight g
11,2 405¢ 388¢ 393 37444 389 13,1
12,1 396 388 390 3970 393 12,5
X 4012 3884 391bcd 3844 391 9,0
SE 15,4 19,6 18,5 18,1

Females (40 days) body weight g
11,2 1314 1305 1326 13064 1312€ 30,2
12,1 1334 1331 1319 13478 13320 33,9
X 1324 1317 1322 1324 1322 22,7
SE 42,5 46,0 49,9 42,7

Males weight gain (19—40 days) g
11,2 1151 1125¢ 1128 11514 1139¢ 25,1
12,1 1163 1175P 1149 11938 1171P 28,2
X ; 1158« 1153 1139¢ 11754 1156 19,1
SE 40,7 33,7 42,9 33,8

Females weight gain (19—40 days) g

11,2, 908 916 933 931 922¢ 23,8
12,1 937 942 929 950 939P 28,2
X 922 928 931 940 930 18,4
SE 35,4 35,7 40,8 35,0
SE = standard error
a—b P < 0,05
c—d—-e P<00l1
A—-B P < 0,05
C-D P < 0,01

If means in the horizontal columns are not followed by the same small letter they are significantly
different at che level of probability shown. Values with no letters do not differ significantly. The
same applies the vertical columns with the big letters.

groups. At the ME level of 11,2 MJ the final body
weight of the cocks in the RMS groups was on average
of 3 % lower than that in the control groups. In fact
there was an interaction (P << 0,05) between sex and
RSM level in the weight gain (Table 6). This was ob-
viously due to the greater response of the males to the
decreased supply of protein and amino acids in the
RSM groups. The growth rate of broilers at the ME le-
vel of 12,1 MJ was significantly (P << 0,01) higher in
the later phase than that at the lower ME level.

The slaughter weight of the RSM groups was ap-
proximately 2 % lower than that of the control groups
(Table 4). The tendency to decreased slaughter
percentage when the RSM and ME level increased re-
fers to increased abdominal fat in the carcasses. The
number of second class carcasses had a tendency to in-
crease according to the RSM and ME level. The inclu-
sion of RSM did not affect mortality or incidence of
leg weakness in this study (Table 4). Generally, even
high contents of LG-RSM in broiler diets have not in-
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Table 4. Slaughter results, mortality and incidence of leg weakness!.

0 8 16 22 X SE
ME level
M) /kg Slaughter weight comb. sexes g
11,2 916 887 887 871 ‘890 7.9
12,1 908 901 889 916 903 6,0
X 912 894 888 894 897 49
SE 11,3 9,1 8,2 12,3 - -
Slaughter percentage
11,2 64,0 63,5 62,0 62,1 62,9 0,40
12,1 62,4 61,7 62,1 61,7 61,9 0,34
X 63,2 62,6 62,0 61,9 62,4 0,26
SE 0,53 0,69 0,51 0,35 - -
) Second class %
11,2 5,5 5,9 6,7 7,0 6,3 0,45
12,1 7,0 7,3 6,8 7,6 7,2 0,34
X 6,2 6,6 6,8 7,3 6,7 0,28
SE 0,59 0,45 0,55 0,71 - -
Mortalicy %
11,2 6,1 3,9 1,7 3,3 3,7 0,71
12,1 3,9 1,9 2,8 2,5 2,8 0,64
X 5,0 2,9 2,2 2,9 3,3 0,45
SE 1,19 1,93 0,89 0,46 - -
Leg weakness %
11,2 .03 1,2 1,1 0,3 074 0,17
12,1 1,4 2,5 2,3 0,6 1,78 0,34
X 0,9 1,9° 1,7 0,4° 1,2 0,21
SE 0,46 0,30 0,48 0,21 - -
1 See Table 3
a—b
PO P < 0,05

creased mortality (Cameeerr and Smitn 1979, Fris Jensen
and Gaarbpso Tromsen 1981, Saimon et al. 1981, Ev-
winGer et al. 1981, Huian and Prouproor 1981). The
frequency of leg weakness at the ME level of 12,1 MJ
was higher (P << 0,05) than at the level of 11,2 MJ.
The same trend was also found in the study by Kuski-
NEN and Anpersson (1982).

~ Feed intake and calculated consumption of metabo-
zable energy and protein decreased, though not signi-
ficantly, with the inclusion of RSM in the diet (Table
5). This was clearly due more to the higher ME con-
centration of the RSM diets compared with the control
diets than decreased acceptability of the former. The
difference-in feed intake between the two ME levels
was not significant, but was apparent. The possible
reason for the decreased rate of growth of the RSM
groups during the first weeks was the lower protein
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consumption caused by the decreased feed intake.
Efficiency of feed and energy conversion was better
in the RSM groups than in the control groups, reflec-
ting the calculated ME values (Table 5). The differ-
ences were significant (P << 0,01) between the ex-
treme levels. The difference in feed efficiency but not in
energy efficiency was significant between the ME levels.
The average relative enlargement of the thyroid
gland was 80 % (P << 0,001) as a result of the feeding
of RSM (Table 7). This was relatively high but corre-
sponding or even greater growth of the gland has been
measured in some earlier studies with LG-RSM on
broiler chicks (Vosr and Stute 1974, Erwincer and At
peN 1977, Rosauiee et al. 1978). As in the present stud-
¥, an increase in the relative weight of the liver has
been found as a result of the inclusion of LG-RSM in
the diet (Oromu et al. 1975, Erwinger and Awoen 1977,
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Table 6. Interaction between the factors (F-values).

Feed consumption

Body weight (19 days) Body weight (40 days)  Weight gain 19—40 days g/bird/ kg/kg
day wt. gain
d.£31) 33 99 33 29 83 o9 38499
RSM X ME 3 13,0%%* 6,87%%% 5 11%* 2,43 1,94 2,06 2,92 0,46
Sex XRSM 3 0,36 2,15 2,80% - -
Sex. XME 1 0,08 0,39 0,82 - -
D d.f. of error: body weight and gain 1198 (88), 1570 (99), feed consumption 27.
Table 7. Thyroid and liver weights of broilers and fat content of livers (¥ SD).
ME M]J /kg
RSM-level % 0 8 16 22 11,2 12,1
N 17 17 17 17 34 34
Thyroid weight mg 152,3 ¥ 71,00 2360 + 99,68 316,2 £ 105,25 270,8 + g2,8%f
Thyroid wt. mg/ 10,6 * 15,1¢ 17,1 £ 7,5 21,9 8.2f 19,2 69f
100 g body wt.
Liver weight g 35,1 % 5,7 358+ 8,1 40,1 7,1 398 66
Liver wt. g/100 g body wr. 241% 020  254% 0390 273 F 345 2,75 + p,330d
Fat % in fresh liver 3% 1,2 53% 1,2 52% 1,0 451 06 5,0F1,1 5,2%1,1

SD = standard deviation

a—b P < 0,05
c—d P < 0,01
e—f

P < 0,001

Camsew. and Smith 1979). No significant differences
could be found in the fat content of liver between the
RSM or ME levels (Table 7).

According to the observations of the taste panel, the
feeding of RSM did not have any adverse effect on the
flavour of the meat (Table 8). However, it must be
mentioned that the members of the panel were not
trained in their task. Usually, the corresponding con-
tents of LG-RSM together with fish meal have result-
ed in a decreased taste score in trained panels (Haw-
rysi et al. 1980, Fris Jensin and Gaaroso THowmsen
1981, Sawmon et al. 1981, Anen et al. 1981).

The results of the present study suggest that rape-
seed meal from low-glucosinolate cultivars can be in-
cluded up to 15—20 % to replace soybean meal in the
diets of broiler chicks. This has also been confirmed in

some eartlier studies (Samon et al. 1979, Fris Jensen
and Gaaroso Trowmsen 1981, Erwiner et al. 1981, Hu-
1an and Prouproor 1981). According to this study LG-
RSM is best suited for use in the finisher feed after the
age of 2,5~3 weeks. Compared with soybean meal,
the lower ME value of rapeseed meal apparently re-
quires more supplementary fat.

Table 8. Observations of the taste panel.

Number of observations

RSM level % 0 16 22
unpleasant flavour 8 - 3
fishy flavour 2 5 1
oily flavour 3 1 3

13 6 7
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SELOSTUS

Niukasti glukosinolaatteja sisiltdvin rapsijauhon
kiyttdmahdollisuudet broilereiden rehussa

TuoMO KIISKINEN

Maatalouden tutkimuskeskus

Broilereilla suoritetussa kokeessa korvartiin soijaa asteittain Regent
kevitrapsilajikkeesta (00) uutetulla jauholla, jonka rasvapitoisuus oli
poikkeuksellisen korkea. Rapsijauhon pitoisuudet olivat 0, 8, 16 ja
22 % rehussa, ja sen lisiksi kokeessa tutkittiin kahta muuntokelpdi-
sen energian tasoa (11,2 ja 12,1 MJ/kg). i
Koetulosten perusteella kaksinollalajikkeen uutetut jauhot sovel-
tuvar hyvin valkuaisraaka-aineeksi soijan tilallé, varsinkin broilerei-

den kakkosrehuun, jota kiytetsdn 2,5—3 ikiviikon jilkeen. Rapsi-
jauho sisilvid vaihemmin muuntokelpoista energiaa kuin soijajauho,
miki on orettava huomioon rehuseoksia kokoonpantaessa. Rapsijau-
hon vaikutus kilpirauhaseen tuli selvisti esille rauhasen painon n.
1,8-kertaisena suurentumisena. Kuolleisuuteen ei rapsijauhon kiy-

t6ll4 kuitenkaan ollut vaikutusta.
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WHEAT PROTEIN CONCENTRATE AS A SUPPi‘EMENTARY
PROTEIN SOURCE FOR BROILER CHICKS

Tuomo KIisKINEN

KnskiNeN, T. 1983. Wheat protein concentrate as a supplementary protein source for
broiler chicks. Ann. Agric. Fenn. 22: 214—220. (Agric. Res. Centre, Inst. Anim. Husb., 31600
Jokioinen, Finland.)

Wheat protein concentrate (WPC) containing 45,5 % crude protein in dry matter was tested on
broiler chicks. Four dietary levels of 0, 6, 12,5 and 19 % WPC were used with or without amino
acid supplementation (methionine, lysine), gradually replacing soybean meal (SBM) in the diets.
Inclusion of WPC in the diets significantly (P < 0,01) reduced the body weight of the broilers at
three weeks of age. In addition the final body weight, weight gain duririg the last period of 3—6
weeks and slaughter weighe decreased drastically with the two highest WPC levels compared with
the two lowest levels (P << 0,01). The detrimental effects of WPC on the growth rate of chicks is
mainly attributed to its low lysine content (2,9 8/16gN). The supplerfientation of amino acids
significantly improved (P << 0,01) the growth of birds and the resporise increased (P << 0,01)
when the WPC level increased. However, the growth rate of the chicks fed 12,5 and 19 % WPC
in diets supplemented with amino acids did not reach the level of the control group.

Feed intake decreased significantly (P << 0,01) with the 12,5 and 19 % WPC diets compared
with the SBM control. Feed efficiency also declined with the two highest WPC levels. The amino
acid supplementation significantly (P << 0,05) improved feed consumption and efficiency.

The results of the study suggest that WPC is best suited for broiler finisher feeds at a limited
concentration of 5 %.

Index words: wheat protein concentrate, methionine and lysine supplementation, broiler chick,
growth.

INTRODUCTION

‘Wheat protein, like cereal proteins as a whole, is defi-
clent in some amino acids. This concerns lysine, in
particular, because its concentration varies, according
to different sources, from 2,5 to 3,5 % (g/16gN) in
wheat protein, and the requirement of starting chicks
is 5 % of dietary protein (NRC 1977, Scorr 1982).
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Lysine supplementation has produced a considerable
response in the grdyvth of chicks when their diet is bas-
ed on wheat or wheat and soybean meal (Poree et al.
1967, Garbiner and Duserz 1976). The methionine
content of wheat protein is 1,6—1,7 % and the re-
quirement of chicks for this amino acid is 2 % in pro-



tein (NRC 1977, Scorr 1982). According to Bracc
and AKINWANDE (1'973) threonine and valine are also
limiting amino acids in wheat protein. The biological
value of wheat protein is 59 % and that of barley and
oats, which contain more lysine than wheat, is appro-
ximately 70 % (Eccum 1968).

The wheat starch industry in Finland produces a

by-product which contains approximately 40 % crude
protein composed of gliadine, albumen and globulin

* fractions of wheat protein. This product has been used

in broiler diets and the purpose of this study was to
test its availability as a source of supplementary pro-
tein for broiler chicks.

MATERIAL AND METHODS

Commercial, day-old, sexed broiler chicks (Pilch) were
used in a 2 X 4 facrorial experiment. Four levels of the
wheat protein concentrate (WPC), 0, 6, 12,5 and 19
% in the diet, were used with or without amino acid
supplementation. The chicks were distributed into 32
floor pens (6 m?) so that each pen contained 12 males
and 12 fernales. The average body weight was then 30
g. Four pens were alloted for each dietary treatment.
The housing conditions were maintained at the same
levels as in the author’s earlier study (Kuskinen 1983).
The chicks were fed and watered ad libitum.

All diets contained 5 % fish meal and WPC gradu-
ally replaced soybean meal (SBM, Tdble 1). According
to the producers information, the WPC contained lysi-
pe 3,7 — 3,8 g/16gN and methionine 1,9 — 2,1

g/16gN. The amino acid supplementations of the
diets were defined on the basis of this information. Ly-
sine was supplied with the two highest WPC levels.
The diets were in pellet form (diameter 3 mm).

The birds were weighed individually at the ages of
3 and 6 weeks and feed intake was measured for each
pen between the weighings. Morrtality was recorded. In
the slaughterhouse the total weight of each sex in eve-
ry pen was measured.

The proximate analyses of the diets and WPC were
performed and amino acids were determined with a
gas chromatograph (Hewlett Packard 5710). The sta-
tistical significance of differences in body weight and
feed consumption was established by analysis of vari-
ance and by Tukey’s test (Stee. and Torrey 1960).

RESULTS AND DISCUSSION

According to the results of the analysis, the crude pro-
tein content of the diets was only 17,3 — 18,3 %, or
approximately two percentage units below the calcula-
ted value (Table 1). This was partly affected by the ex-
ceptionally low protein content (60 %) of the fish meal
used. The lysine content of the WPC (2,9 g/gN) was
typical of wheat protein and considerably lower than
that stated by the producer (Table 2). It was thus
mainly for this reason that the lysine level of the diets
was below the calculated values and, in most of the
diets, was below the recommended value given above.
On the whole the growth rate of the birds was rela-
tively low due to the low protein content of the diets

and the low initial weight (30 g) of the chicks (Tables
3 and 4). According to Korsteski and Rys (1979) the
protein content of the broiler starter feeds ought not to
be lower than 18 — 19 % and that of the finisher feeds
16 — 17 %, even when the methionine and lysine re-
quirements are met. During the first three weeks the
growth of the broilers decreased drastically (P << 0,01)
when the content of WPC increased in the diets. The
final body weighr and slaughter weight of the WPC
groups were also lower than those of the control group
and the differences between the 12,5 and 19 % WPC
levels and the SBM
(P < 0,01). The weight gain from three to six weeks

control were significant
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Table 1. Composition (%) and calculated and analysed contents of experimental diets.

Diet 1 2 3 4 5 6 7 8
Fish meal 5,0 '

Soybean meal 18,0 12,0 6,0 - 18,0 12,0 6,0 -
Wheat protein - 6,0 12,5 19,0 - 6,0 12,5 19,0
Wheat 20,0

Barley 40,0

Oats . 10,0 10,0 9,5 9,0 10,0 10,0 9,5 9,0
Rapeseed oil 2,6

CaCO, 1,0

CaHPO, 17

NaCl 0,3 S
DL-methionine - - - - 0,05 0,05 0,025 -
L-lysine - - - - - - 0,07 0,14
Vitamin premix” 0,25

Mineral premix? 0,3

Moisture % anal. 14,2 13,5 13,9 13,7 12,1 " 13,3 13,8 13,3
Crude protein % calc. 19,7 19,6 19,6 19,7 19,7 19,6 19,6 19,7
Crude protein % anal. 17,3 18,1 18,3 17,9 18,2 17,9 17,9 17,4
Crude fat % anal. 5,1 5,4 5,4 5,7 5,3 5,5 5,6 5,8
Crude fibre % anal. 4,1 3,9 3,6 3.4 4,1 . 3,9 3,7 3,5
Ash % anal. 5,6 5,3 5,0 4,9 5,7 5,5 5,2 5,2
ME MJ /kg % cal. 17 11,7

Methionine % calc. 0,36 0,37 0,39 0,40 0,41 0,42 0,41 0,40
Lysine % calc. 1,06 1,00 0,93 0,86 1,06 1,00 1,00 1,00

D Supplies per kg: Vit. A 15000 IU, vit D, 2000 IU, vit E 25 mg, K, 1,5 mg, B, 3,5 mg, B 1,5 mg, B12 0,010 mg, niacin 22 mg, folic
acid 0,6 mg, biotine 0,05 mg, choline 1000 mg
2 Supplies mg per kg: Fe 25, Zn 55, Mn 60, Cu 5, Co 0,5, 1 0,5, Se 0,1

Table 2. Amino acid composition of wheat protein and experimental diets.?

. 8/16 g N
Wheat Diet
) protein 1 2 3 4 5 6 7

Methionine 1,7 1,8 1,9 1,9 1,9 2,0 2,1 2,1 2,0
Lysine 2,9 5,2 4,2 3,5 34 4,8 4,4 4,6 5,1
Arginine 5,0 6,2 5,0 4,3 4,5 5,2 5,6 5,3 5,5
Isoleucine 4,2 5,5 4,5 4,2 4,1 3,9 4,5 4,3 4,4
Leucine 7,2 8,1 7,3 7,1 6,8 6,6 7,2 7,0 7,2
Phenylalanine 5,3 5,1 4,5 4,5 4,3 4,3 4,7 4,6 4,6
Tyrosine 3,3 3,8 3,2 3,5 3,0 3,1 3.4 3,3 3,2
Threonine 3.3 4,5 3,9 3,6 3,5 34 3,8 3,6 3,7
Valine 5,4 6,3 5,6 5,2 5,3 4,4 5,1 4,9 5,4
Glycine 3,7 5,3 4,9 4,5 4,0 4,1 4,2 3,9 4,6
Alanine 4,0 5,4 5,1 4,7 4,2 4,1 4,3 3,9 4,4
Asp. acid 5.9 9,5 7.4 6,6 6,0 7.5 8,1 7,1 6,6
Glut. acid 22,2 20,3 19,0 19,9 20,2 17,6 19,0 20,7 20,3
Proline 7,7 7,1 7,1 7,5 7,5 6,2 - 6,5 73 7,6
Serine 4,2 5,3 4,6 4,4 4,1 4,2 4,5 4,2 4,4

1) Cystine and histidine values were unteliable.
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Table 3. Body weight gain and slaughter weight of male broilers.”

‘Wheat protein %
Suppl. 0 6 12,5 19 X SE
amino acids
Body weight g (3 weeks)
0 355A 31044 241¢C 182€ 280¢ 6,5
+ 391B 34648 310P 277¢® 333P 5,4
X 373¢ 3274 277¢ 232f 307 4,5
SE 6,5 6,3 6,1 7,8
Body weight g (6 weeks)
0 1450¢ 1394<A 11114¢ 802¢C 1222¢€ 23,6
+ 1531 1500 135190 1142¢0 1390 16,6
X 1490¢ 1444¢ 12364 980¢ 1306 15,2
SE 15,5 19,6 21,5 26,2
Weight gain 3 — 6 weeks
0 1095¢ 1084¢ 8714¢ 620C 942¢€ 17,9
+ 1140° 1154¢ 10414P 865®  1056P 12,9
X 1117¢ 1117¢ 9594 749¢ 999 11,5
SE 12,3 15,1 16,6 19,7
Slaughter weight g
0 888¢ 825¢ 6654¢ 478 714¢ 41,9
+ 878¢ 894 803¢D 698¢P 818> 22,5
X 883¢ 859¢ 7344 588¢ 766 25,2
SE 22,1 15,3 28,8 42,4
1) Means not having the same superscript letter differ significantly:
horizontal columns a—b P < 0,05 SE = standard error
c—-d-e~-f P<001
vertical columns A-B P < 0,05
cC-D P < 0,01

Table 4. Body weight gain and slaughter weighc of female broilers.”

Wheat protein %
Suppl. 0 6 12,5 19 X SE
amino acids
Body weight g (3 weeks)
0 327 3064 2304 177¢€ 258¢ 5,6
+ 3762 33748 297¢D 278D 320D 4,8
X 350¢ 3214 263¢ 224f 288 4,1
SE 6,4 6,0 5,3 7,1
Body weight g (6 weeks)
0 1238¢ 1235¢ 10169€ 748¢C 1052€ 18,1
+ 1325¢ 12934 1191¢D 10270 1206° 13,4
X 1279¢ 1263¢ 11014 878¢ 1126 12,2
SE 15,8 16,6 14,8 20,2
Weight gain 3 — 6 weeks
0 911¢ 930¢ 7854¢ 571¢¢ 795¢ 13,3
+ 949° 956° 894D 749D 8860 10,3
X 929¢ 942¢ 8394 654¢ 838 8,9
SE 12,4 12,5 11,0 14,5
Slaughter weight g
0 726¢ 728¢ 5924 379¢C 606¢ 38,9
+ 852%¢ 7672 709 59sbdD 731D 28,1
X 789¢ 748¢ 6504 487¢ 668 26,1
SE 36,6 17,2 22,6 47,4
1 See Table 3.
a—b P < 0,05
c-d—-e—-fP<0,0l
A-B P < 0,05
c-D P < 0,01
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of age did not differ between the control and the 6 %
WPC diet and it was significantly (P << 0,01) better
than with the 12,5 and 19 % WPC diets.
Supplementation of amino acids produced a consid-
erable increase in the growth rate of the chicks
(P < 0,01). The response in the performance of the
birds to the supplementation increased (P << 0,001)
when the WPC content increased (Table 6). However,
the performance of chicks fed WPC supplemented
with amino acid did not reach the level of the control
group. It seems very clear that methionine supplemen-

tation is necessary in broiler diets which contain re-
stricted amount of fish meal; supplementary methioni-
ne alone increased the growth rate of the broilers on
the control and 6 % WPC diets. Exclusive lysine sup-
plementation improved the weight gain of the chicks
on the 19 % WPC level (P < 0,01). Apparently met-
hionine supplementation, in addition to lysine, might
have improved the results. There was a significant sex
X WPC level interaction (P << 0,05) in weight gain
during the last period (Table 6).

Feed intake during the last three-week period de-

Table 5. Feed consumption and conversion of broilers (comb. sexes)"
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Wheat protein %
Suppl. 0 6 12,5 19 X SE
amino acids

Feed cons. g/d/bird 0 — 3 weeks
0 45,1 45,8 45,5 44,0 45,1 0,91
+ 48,1 44,7 44,8 45,1 45,7 0,98
X 46,6 45,2 45,1 44,6 45,4 0,66
SE 1,67 1,31 0,76 1,50,

Feed cons. g/d/bird 3 — 6 weeks
0 93,7¢ 88,5 81,74 77,7¢ 85,44 1,89
+ 94,2 90,2 87,6% 84,6b 89,18 1,17
X 93,9¢ 89,4 84,6 81,2¢ 87,3 0,65
SE 0,47 0,99 1,68 2,40

Crude prot. g/d/bird 0 — 3 weeks
0 7.8 83 8,3 7,9 8,1 0,68
+ 8,8 8,0 8,0 7.9 8,2 0,74
X 8,3 8,1 8,2 7.9 8,1 0,12
SE 0,33 0,24 0,15 0,26

Crude prot. g/d/bird 3 — 6 weeks
0 16,2¢ 16,0¢ 14,9¢ 13,94 15,34 0,30
+ 17,1¢ 16,24 15,7¢4 14,7¢ 15,98 0,26
X 16,7¢ 16,1¢ 15,3 14,3b¢ 15,6 0,20
SE 0,19 0,17 0,27 0,39

Feed conv. kg/kg weight gain

0 2,24¢ 2,28 2,67¢ 3,644 2,714 0,159
+ 2,224 2,19 2,32 2,78b 2,388 0,074
X 2,23¢ 2,24¢ 2,49¢ 3,214 2,54 0,091
SE 0,041 0,050 0,072 0,217

Feed conv. kg/kg slaught. weight
0 3,67¢ 3,75¢ 4,37¢ 6,394 4,54 0,304
+ 3,60 3,50 3,790 4,51P 3,850 0,114
X 3,64¢ 3,63¢ 4,08¢ 5,454 4,20 0,171
SE 0,139 0,231 0,316 1,198

1" See Table 3. Values with no superscripe letters do not differ significantly.
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P < 0,05
P < 0,01
P < 0,05
P < 0,01



Table 6. Interactions between the factors (F-ratios).

Body weight (3 wks)
38 Q9

Body weight (6 wks) Weight gain Slaughter wei

d.fV 38 29 38 o9 38 9§
WPC X suppl. amino acids 3 (310) ‘6,25’** 8,57%x%  12,8%* 12,3%%%  1],6%** 9,65%**  10,6*%* 2.
Sex X WPC 2 (623) 0,73 2,39 3,72*
Sex X suppl.amino acids 1 (625) 1,18 0,01 0,31
Sex X WPC X suppl. amino acids 3 (621) 0,60 0,59 0,93
Feed intake Protein intake Feed kg/kg wg . Feed kg/kg -
0—3 wks 3—6 wks 0—3 wks 3-6 wks’
WPC X suppl. amino acids 3(24) 043 1,25 1,38 0,52 4,85%* 9,41%%*
1 df of error in brackets
¥ P <005
** P <001
**% P < 0,001
Table 7. Mortality of broilers receiving the various dietary treatments.
Wheat protein % F-ratio Suppl. amino acids | F-ratio
signi- signi-
Age 0 6 12,5 19 | ficance 0 + ficance
Mortality (%) Mortality (%)
0 — 3 weeks 16,1 14,0 14,0 21,4 I 0,75 NS | 14,8 18,0 0,62 NS
0 — 6 weeks 16,7 15,1 14,0 22,9 10,99 NS 14,8 19,5 1,40 NS

creased (P << 0,05) when the WPC level increased, es- .

pecially if no amino acids were added (Table 5). Clear-
ly, the unbalanced amino acid composition of the
WPC diets negatively affected feed consumption. A
review by Li and Anperson (1983) supports the
proposal of a role for amino acids in both qualitative
and quantitative aspects of food intake regulation. The
other possible reason for the negative effect on feed
consumption is the differences in the ME contents of
the diets. WPC apparently has a higher ME value
than SBM.

As a result of the decreased feed intake the supply
of protein decreased significantly more (P << 0,01) at
the two highest WPC levels than with the control. The
efficiency of feed conversion at the two highest WPC
levels was clearly inferior to the control and 6 % WPC
diets. The difference between the 19 % WPC level
and the two lowest levels (0 and 6 %) was significant

(P < 0,01). The interaction between the WPC Jevel
and the use of supplementary amino acids was signifi-
cant (P << 0,01) in the feed efficiency (Table 6).

Mortality was relatively high in this experiment and
most of it occurred during the first three or four days
(Table 7). Mortality was concentrated in some pens.
No significant differences in mortality were ascertain-
ed between the treatments. The chick material was not
very good in this study, as shown by the low initial
weight, too.

The results of this investigation suggest that wheat
protein concentrate can be used in limited amounts as
a protein source for broiler chicks. This is principally
due to the low lysine content of wheat protein. WPC
is best suited for use in broiler finisher feeds at a con-
centration of approximately 5 %, supplemented with
methionine and replacing soybean meal. '
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SELOSTUS

Vehnivalkuaistiiviste broilereiden lisivalkuaisrehuna

Tuomo Kuskinen

Maatalouden tutkimuskeskus

Kotimaisen carkkelysteollisuuden sivutuotteena syntyvi vehnivalku-
aistiiviste sisalsi raakavalkuaista 45,5 % kuiva-aineesta sek lysiinid
2,9 ja metioniinia 1,7 % valkuaisesta (g/16 g N). Broilereilla suori-
tetussa kokeessa vehnivalkuaistiivisteelli korvattiin soijajauhoa si-
aminohappolisiyksii (metioniini, lysiini) tai niilld tiydennettyni.
Vehnivalkuainen hidasti merkitsevisti (P << 0,01) alle 3-viik-
koisten broilereiden kasvua kaikilla kiyteotasoilla 0-tasoon verrattu-
na. Sen sijaan ikavililla 3—-6 viikkoa lisikasvussa ei ollur merkit-
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seviid eroa 0 ja 6 %:n tasojen vilills, mutta suurimmat vehnivalku-

aisen  pitoisuudet  hidastivat  kasvua erictiin  voimakkaasti
(P < 0,01). Aminohappolisdys paransi cuntuvasti broilereiden kas-
vua (P < 0,01). Rehunkulutus laski viimeiselld jaksolla vehnival-
kuaisen midrin lisidntyessd. Rehuhystysuhde oli sama O:n ja 6 %:n
tasoilla, mutta muilla selvisti edellisia heikompi.Tulosten mukaan
vehnivalkuaistiivistettd tulisi mieluummin kidycedd broilerkasvatuk-

sen toisella jaksolla ja silloinkin vain noin S5 % rehusta.
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EFFECTS OF REGENT RAPESEED MEAL FED DURING THE REARING AND
LAYING PERIOD ON THE PERFORMANCE OF CHICKENS

TuoMo KIISKINEN

KuskiNeN, T. 1983. Effects of Regent rapeseed meal fed during the rearing and laying
period on the performance of chickens. Ann. Agric. Fenn. 22:221-231. (Agric. Res.
Centre, Inst. Anim. Husb., 31600 Jokioinen, Finland.)

White Leghorn chickens were fed three dietary levels of Regent low glucosinolate rapeseed meal
(RSM) (0/0, 7,5/5 and 15/10 % in their starter and grower feed). During the subsequent laying
period four levels of RSM (0, 5, 10 and 17 %) were used.

Inclusion of RSM in the rearing diets reduced by approximately 40 g (P << 0,05) the body
weights of the pullets but did not significantly affect feed consumption or mortalicy. The use of
RSM in che rearing diets had no significant effects on the mortality or performance of the hens,
excluding egg weight (P << 0,05), during the subsequent laying period. Mortality and incidence
of haemorhagic and injured livers increased considerably among hens fed 10 and 17 % RSM in
their diet. The hen-housed production on the 17 % RSM level was considerably lower (P << 0,05)
than on the other levels. The highest RSM concentration also reduced the daily egg output
(P < 0,05) in comparison with the 0 and 5 % RSM levels.

Feed consumption and body weight gain of hens decreased when the RSM content increased in
the diets, and the differences becween the control and two highest RSM levels were significant
(P < 0,05). No significant differences existed in feed efficiency.

Inclusion of RSM in the diets of hens and cocks did not adversely affect the reproductive per-
formance. The RSM feeding had a clear goitrogenic effect during both the rearing and laying period
and this effect could also have been confirmed in the progeny of the highest RSM level. The
specific gravity of eggs produced on the RSM diets was significantly (P << 0,05) lower at the end
of the production period than that produced on the control diet.

The results suggest that the dietary level of rapeseed meal extracted from low glucosinolate cul-
tivars should be limited in long-term use.

Index words: rapeseed meal, chicken, hen, growth, egg production, mortality, reproduction, thy-
roid weight, liver lesions.

INTRODUCTION

As far as egg production is concerned, low glucosinola-  shown a tendency towards an increase when consider-
te rapeseed meals (LG-RSM) have satisfactorily pro-  able amounts of LG-RSM have been included in the
vided the largest part or all of the supplementary pro-  diets of laying hens (Marancos et al. 1974, Voer and
tein of layers’ diet. However, mortality has sometimes ~ Torces 1976, Granpmi et al. 1977, Suncer et al. 1978,

221



Thomas et al. 1978, Huran and Prouproor 1980 a,
1981, Kuskinen 1983 a). The incidence of haemor-
thagic and fatty liver syndrome has often been higher
among the RSM fed hens than the control hens and
the higher mortality of the former has been attributed
to the liver lesions (Jackson 1969, MarcH et al. 1975,
1978, Leeson et al. 1976, Smiru and CameseL 1976,
Granont et al. 1977, Papas et al. 1979, Huian and
Prouproor 1981).

The Brassica meals have not generally had any det-
rimental effects on fertility or hatchability of the do-
mestic fowl (Onew 1957, McGrecor and Buakeiy
1964, Rossiee and CranpiniN 196:7, Summers et al.
1971, Marca et al. 1972, Lesue and Summers 1975,
Prouproor et al. 1982). Summers et al. (1971) and
Kusora et al. (1972) found a decrease in hatchability
when RSM was included in the diets of breeding hens.
Lipinska (1978) reported increased mortality of embry-

os and decreased viability of newlyhatched chicks, and
Gawecki et al. (1972) ascertained a decreased weight
of hatched chicks in the breeding groups which were
fed RSM in their diet. It has been verified that abun-
dant use of RSM results in hypertrophy-of the thyroid
gland of progeny, too (Marcu et al. 1972, Gawexi et
al. 1972, Lesue and Summers 1975, Lieinska 1978).

Huian and Prouproor (1980 a, b) investigated the
effects of feeding LG-RSM to chickens during both
the rearing and laying period. They found that the
long-term use of RSM had no negative effects on egg
production or feed efficiency, but switching the birds
from a soybean meal (SBM) grower diet to a 15 %
RSM layer diet resulted in a significant (P < 0,05)
increase in mortality. The present study was designed
to investigate the effects of feeding LG-RSM from Re-
gent cultivar on the performance of chickens during
the rearing and laying (breeding) period.

MATERIAL AND METHODS

Animals and housing

A total of 1620 WL chicks (strain SK 51) consisting
of 1500 females and 120 males, were brooded and
reared to 18 weeks of age in three-tier batteries, 20
birds per cage with an area of 1 m”. Continuous light-
ing of 20 Jux was used during the first week and 16
hours of 10 lux during the second week. For the re-
mainder of the rearing period the duration was re-
duced to 8 hours and light intensity to 5 lux. The
room temperature during the first two weeks was
33—34°C and was reduced by 2—3 °C weekly and
maintained at 17 °C during the period of 9—18
weeks.

At 18 weeks of age the birds were moved to a lay-
ers’ house with three-tier batteries. Three hens were
placed in each cage (700 cm?/hen). The duration of
lighting was increased by 20 minutes weekly to 16
hours, with an intensity of 10 lux. A room tempera-
ture of 17 °C was maintained. The laying period lasted
eleven periods of 28 days. The cocks were also kept in
three-tier batteries in a different room.

222

Diets and feeding

The rapeseed meal used was derived from the same lot
of Regent meal tested in the author’s earlier experi-
ment on broiler chicks (Kuskiven 1983 b). All diets
conrained meat and bone meal and single cell protein
as domestic protein sources (Table 1). Three levels of
RSM were used in the starter/grower diets (0/0,
7,5/5 and 15/10 %), and four levels in the layer diets
(0, 5, 10 and 17 %). The rapeseed meal gradually re-
placed soybean meal in the starter diets. In the grower
and layer diets RSM also replaced all fish meal on the
highest level of RSM. All diets were supplemented
with methionine. The diets were not quite isocaloric,
although the grower diets were balanced using sand as
bal'last and the layer diets with supplementary fat.
The birds had free access to feed and water.

Experimental procedure

Each dietary treatment involved 500 female and 40



Table 1. Composition and calculated contents of the diets.

Starters (0—6 weeks)

Growers (6—18 weeks)

Layers (cocks)

RSM % 0 7,5 15, 0 5 10 0 5 10 17
Fish meal 5 5 5 3 3 - 3 3 3 -
Meat and bone meal 3 3 3 3 3 3 3 3 3 3
Soybean meal 15 9,5 4 3,5 - - 7 3,5 - -
RSM (Regent) 0 7,5 15 0 5 10 0 5 10 17
Single cell protein'’ 1 1 1 0,5 0,5 0,5 1 1 1 1
‘Wheat 15 15 15 - - - - - - -
Barley 33,8 31,8 29,8 50,6 49,6 47,6 53,8 53,8 53,8 53,8
Qats 20 20 20 30 30 30 24(30) 22(28) 20(26) 15,5 (21,5)
 Grass meal 4 4 4 3 3 3 - - - -
Rapeseed oil 1,3 1,3 1,3 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Animal fat - = = = = - . 0,5 1,0 1,5
Limestone, ground - - - - - - 6,3 (0,3) 6,3 (0,3) 6,3 (0,3) 6,3 (0,3)
Dicalcium phosphate 1 1 1 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Sodium chloride 0,38 0,38 0,38 0,38 0,38 0,38 0,43 0,43 0,43 043
Vitamin premixz) . 0,15 0,15 0,15 0,15 0,15 0,15 0,15 0,15 0,15 0,15
Mineral premix-"’ 0,3 0,3 0,3 0,3 0,3 0,3 0,25 0,25 0,25 0,25
D-methionine 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07
Sand - - - 4,5 4 3,5 - - - -
Crude prot. % 20,6 20,5 20,4 14,8 14,9 14,5 15,9 15,8 15,8 15,6
ME M]J/kg 11,2 11,1 11,0 10,4 10,4 10,2 10,5 10,5 10,5 10,4
Methionine % 0,45 0,45 0,46 0,35 0,35 0,32 0,36 0,36 0,36 0,34
Lysine % 1,10 1,09 1,08 0,72 0,72 0,65 0,80 0,79 0,78 0,74

1) Pekilo and Silva products

2 gupplies per kilogram of diet; 15000 IU vitamin A, 1500 IU vitamin D;, 20 mg vitamin E, 1 mg vitamin K, 3 mg riboflavin, 1,5 mg !
pyridoxine, 18 mg niacin, 15 ng viramin B,, 0,3 mg folic acid, 500 mg choline chloride, 1,5 mg Carophyll Red (10 %)
3 Supplies per kilogram of die: 20 mg Fe, 45 mg Zn, 48 mg Mn, 4 mg Cu, 0,6 mg Co, 0,5 mg 1, 0,1 mg Se.

male chicks, which were weighed individually at 6
and 18 weeks of age. Feed consumption was measured
per tier, with four replicates per treatment. A record
was kept of mortality and leg weakness. Twelve repli-
cates of 30 hens were assigned to each of the four lay-
ing diecs. The four replicates of each treatment in the
rearing house were randomly distributed into, each
treacment of the laying (breeding) period. During the
laying phase the study thus had a 3 X 4 factorial de-
sign.

The following characteristics were measured: egg
production, feed consumption, percentage morrality,
live weight (21 and 63 weeks), egg shell strength as
measured by specific gravity, interior quality as mea-
sured by height of albumen and Haugh Unit (36, 51
and 64 weeks). An average of 85 hens per treatment
were inseminated three times (37, 41 and 49 weeks)
with sperm from the cocks of the corresponding treat-
ment. Fertility and hatchability were recorded and de-
ad embryos from the experimental hatchings were in-

vestigated for malformations at the National Veterina-
ry Institute, The chicks were checked one week after
hatching.

Thyroid glands and livers of 22 pullets and thyroid
glands of 24 laying hens per treatment were removed
and weighed ac the end of the period. The glands of
dead hens from each treatment and one-week-old
chicks of the extreme groups (0 and 17 % RSM) were
also weighed. Some of the dead birds were senc to the
National Veterinary Institute.

The proximare analysis was performed for every lot
of the experimental diets. Amino acids were deter-
mined with a gas chromatograph (Hewlet Packard
1570) for a common sample of each diet. Calcium was
analysed with an atomic absorption spectrophotometer
and phosphorus with a photometer after colour reac-
tion with ammonium vanadate.

Data were subjected to analyses of variance and Tu-
key’s test (Steer and Torwiz 1960).
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RESULTS AND DISCUSSION

The data on crude protein analyses of the grower and
layer diets were on average one percentage unit below
the calculated values (Table 2). The analysed methio-
nine concentrations were too low to be credible in
comparison with the calculated contents and the per-
formance of the birds. Methionine was clearly partly
destroyed in the hydrolysis of the samples for gas chro-
matography.

Chickens of both sexes were lighter when fed the
rapeseed meal diets than when fed the control diet,
and the differences between the ferales were signifi-
cant (P << 0,05) at both 6 and 18 weeks of age (Table
3). Naturally a decreased weight of WL pullets or
cockerels of this magnitude is of no account, but retard-
ed growth of Leghorn-type chickens has been report-
ed only when 20 % LG-RSM has been included in
their diet (HuLan and Prouproor 1980 a, b). Apparently,
in the present study the reduced growth rate of the
chickens fed RSM was connected with the low lysine
content of the diets and decreased supply of this ami-
no acid to the birds fed RSM.

No significant differences were ascertained in feed
consumption and mortality between the dietary treat-
ments (Table 3). This confirms the results of Huran
and Prouproot (1980 a), which provided evidence that
LG-RSM can replace a major portion of SBM in
rearing diets without adversely affecting morrality or
feed consumption. The relative weight of the thyroid
glands of the pullets increased nearly linearly
(P << 0,05) when the content of RSM in the diet in-
creased, whereas the liver weight was not affected (Ta-
ble 3).

Mortality during the laying period was 2—3 times
higher (P << 0,05) on the two highest RSM levels (10
and 17 % in the laying diet) (Table 4). Several other
authors have also found an increase in mortality of this
magnitude as a result of inclusion of 10—15 % LG-
RSM in layers’ diet although no statistical significance
has been confirmed (Vocr and Torces 1976, GRANDHI
et al. 1977, Suncer et al. 1978, Huran and Prouproor
1980 a, 1981).

High mortality of the 10 and 17 % RSM levels was

Table 3. Body weight feed consumption, mortality, thyroid and liver weight of chickens

(Ispyh.

RSM % 0/0 7,5/5 15/10
Females

Body weight g (6 weeks) 559 T 56 550 * s5b 536 T 53¢
Body weight g (18 weeks) 1434 1 1317 1394 £ 124> 1396 * 130P
Males

Body weight g (6 weeks) 657 X 59 633+ 77 627t 71
Body weight g (18 weeks) 1902+ 170 1864 ¥ 187 1880 X 190
Comb. sexes

Feed cons. kg/bird (0—6 weeks) 1265006 1261005 1,231%0,05
Feed cons. kg/bird (6—18 weeks) 5861032 582%0,27 5791037
Mortality % (0—6 weeks) 41119 50% 2,6 3,81 1,7
Mortality % (6—18 weeks) 0,71 0,5 1,01 0,9 247132
Pullets

Thyroid weight mg/100 g 11,037 151t 54> 21,586
body wt. (N = 22)

Liver weight g/100 g 1841024 1,781030 1,751%0,28

body wt. (N = 22)

"' SD = standard deviation

a — ¢ Means with a different superscript letter within a row are significantly different (P < 0,05).
If no letters are used the differences are non-significant.
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Table 4. Morrality, thyroid weight (¥SD) and incidence of haemorrhagic and injured livers as a response to the dietary treatment during the

rearing and laying period’’.

Rearing period Laying period

RSM % 0/0 7,5/5 15/10 0 5 10 17
Mortality %? 95157 97%67 120%84 | 59t520 76480 112520 169+ 7,2
Thyroid weight mg/100 g body wrt.

killed hens (63 weeks)? 12765 153%76' 196283 | 991390 151% 71> 182 F 56 20,3+ 10,0¢

dead hens 145166 1761900 229 11,1°149%73 175198 197 %103 198 % 10,1
Number of haemorhagic and injured livers/

dead obducted hens 19/47 19/46 26/48 3/20 7/30 16/35 38/56

'SD = standard deviation

% Significant interaction (P 0,05) between the treatments of the periods.
a — ¢ Means with a differenc superscript letter within a row of the period are significantly (P << 0,05) different. If no letters are used the

differences are non-significant.

in agreement with the strongly increased incidence of
haemorrhagic and injured livers. Granoni et al. (1977)
and Hutan and Prouproor (1980 a) also found a high
frequency of haemorrhagic livers among dead hens fed
10—20 % LG-RSM. At the end of the study, the thy-
roid weight of the hens fed RSM was 1,5—2 times
higher (P << 0,05) than that of the control hens (Tab-
le 4). Enlargement of the gland of approximately same
magnitude has been found when dietary levels of
10—20 % LG-RSM have been used during the laying
period (Voct and Torces 1976, Granphi et al. 1977,
March et al. 1978, Tuomas et al. 1978, Kuskinen 1983
a). The differences in thyroid weight between the
treatments were relatively small among dead hens.
The use of RSM during the rearing period did not

significantly affect mortality during the subsequent
laying period (Table 4). This is in agreement with the
observations of Hutan and Prouproor (1980 a), which
suggested that preconditioning the birds to rapeseed
meal during the rearing period had no effect on subse-
quent mortality. Enlargement of the thyroid gland of
hens occurred as a result of the use of RSM during the
rearing period and this increase was significant
(P < 0,05) on the highest RSM level.

No significant differences in development of sexual
maturity of the hens were observed between the treat-
ments during the rearing period when the age at 50 %
laying is used as a measure (Table 5). As a whole the
feeding regimen during the rearing period did nort af-
fect the subsequent production parameters, except egg

Table 5. Performance of the laying hens as a response to the dietary treatments during the rearing and laying period .

Rearing period (0—18 weeks) Laying period
RSM % 0/0 7,5/5 15/10 0 5 10 17 SE
Age at 50 % laying days 184 183 185 - - - - 0,56
Egg production
kg/housed hen 12,32 12,32 11,95 12,66 12,622 12,16* 11,35 . 0,114
% (hen-day) 72,2 72,9 71,7 73,2 73,5° 72,000 70,2b 0,41
egg output g/hen/day 42,0 42,0 41,2 42,5 42,6 41,5% 40,4° 0,25
Egg weighc g 58,1% 57,5" .57,4b 58,0 57,9 57,5 57,4 0,12
Feed intake g/hen/day 112,4 1110 110,4 114,6* 112,22 110,2° 108,0% 0,52
kg/kg eggs 2,74 2,69 2,74 2,76 2,68 2,70 2,74 0,14
Protein intake g/h/d 16,5 16,3 16,2 16,9° 16,7° 15,9 15,90 0,09
g/kg eggs 402 395 402 406 400 391 403 2,1
ME intake KJ/h/d 1176 1161 1155 1195 1178 1158P 1123¢ 5,8
M] /kg eggs 28,7 28,2 28,7 28,9 28,2 28,5 28,5 0,14
Final body weight g 2061% 2007" 2033¢ 2063° 20522 20390 1982¢ 7,8
Weight gain % 34,4 32,5 33,1 36,1° 34,1 31,50 31,60 0,15

1 No significant interactions between the periods was ascertained
a — ¢ see Table 4.
SE = standard error
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Figure 1. Percentage egg laying.

weight, which was 0,5—0,6 g lower (P << 0,05) in the
RSM groups than in the control group. A similar
tendency was also observed in the studies of Huian
and Prouproot (1980 a, b). Apparently, decreased egg
weight were associated with the reduced body size of
the pullets fed RSM in both this study and the studies
of Huran and Prouproor (1980 a, b).

Egg production expressed as percentage laying, egg
output g/hen/day or kg/housed hen did not differ
significantly between the trearments of 0, 5 and 10 %
RSM in the layer diet (Table 5, Figure 1). All the abo-
ve-mentioned  parameters ~ were significantly
(P < 0,05) lower on the 17 % RSM level than on the
control diet. It is worth nothing that on the two hi-
ghest RSM levels the hen housed production was cle-
arly lower than on the 0 and 5 % RSM levels, partly
because of the high mortality of the former dietary re-

gimens. The egg weight was decreased by an average
of 0,5 g on the levels of 10 and 17 % RSM in the diet
compared with the lower levels. This phenomenon has
been quite common when LG-RSM has been used up
to 10—20 % in layers’ diet, although statistical signifi-
cance has not always been ascertained (Vosr and Tor-
ces 1976, Granoui et al. 1977, Rossuee et al. 1978,
Suncer et al. 1978, Hutan and Prouproor 1980 a, b,
Trouxke et al. 1983). This is clearly connected with the
body weight of the hens. Feed intake decreased when
the content of RSM increased in the diet and the diffe-
rences between the two highest RSM levels and the
0 % level were significant (P << 0,05; Table 5). Al-
though decreased feed intake has been found in con-
nection with the use of LG-RSM in layers’ diet (Sun-
cir et al, 1978), in the present study it might have
been due to the higher fat content in the RSM diets
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than in the control diet (Tables 1 and 2). On the other
hand the reduced final body weights and percentage
weight gain on the 10 and 17 % diets compared with
the control diet (P << 0,05) refer to decreased energy
supply of the former groups, as the calculated values
show (P << 0,05). The efficiency of feed conversion
did not differ significantly between the treatments. No
significant interactions wete ascertained in the perform-
ance of hens berween the treatments of the rearing
and laying period.

The use of RSM did not significantly affect the

Table 6. The results of egg quality tests?,

height of albumen or Haugh Unit of the eggs (Table
6). This agrees with the results of earlier studies (LesLie
and Summers 1972, Vot and Stute 1974, Brar et al.,
1975, Oromu et al. 1975, TuoMas et al. 1978, Huian
and Prouproor 1980 a, b, Kuskinen 1983 a). The spe-
cific gravity of eggs at the end of the laying period was
lower on the RSM diets than on the control diet
(P < 0,05). This tendency was also found in the
studies of Hutan and Prouproor (1980 a, b), but ac-
cording to them this was a result of the higher egg
production of RSM groups in that phase. In the pres-

Rearing period Laying period

RSM % in diet 0/0 7,5/5 15/10 0 5 10 17 SE

N N
36 weeks
Height of albumen 160 6,2 6,2 6,2 120 6,3 6,3 6,4 6,1 0,05
Haugh Unit ” 79.4 79.8 80,0 ” 80,2 80,30 80,8 78,5° 0,31
Spec. gravity 1,0832 1,0826  1,0838 1,0829 1,0839 1,0833 1,0827  0,00028
51 weeks
Height of albumen 5,5 5,6 5,6 5,6 5,7 5,5 5,5 0,05
Haugh Unit " 72,2 73,8 73,2 74,4 74,4 73,5 73,3 0,37
Spec. gravity 1,0820 1,0825 1,0816 1,0826*  1,0816°  1,0828*  1,0811°  0,00020
64 weeks
Height of albumen 5,2 5,3 5,3 5,4 5,2 5,2 5,1 0,05
Haugh Unit 69,0 70,2 70,3 71,1 69,0 69,3 68,2 0,43
Spec. gravity 1,0799*  1,0812°>  1,0799° 1,08200  1,0795®  1,0800°  1,0798>  0,00024

1" No significant interactions between the periods was ascercained

a — b See Table 4.

ent study the possible reason for this phenomenon is
the decreased calcium and increased phosphorus con-
tent of the RSM diets (Table 2).

The inclusion of Regent RSM in the layer diets had
no detrimental effects on fertility or hatchability
(Table 7). The number of malformations among dead
embryos was low and the average weight of the
hatched chicks was equal in the groups. The body
weight of one-week-old chicks hatched from the eggs
produced on the 10 and 17 % RSM diets were slightly
lower than those of the 0 and 5 % RSM groups but
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the differences were not significant. Slight hypertrophy
of the thryroid glands of the progeny was ascertained
(P < 0,05) on the 17 % LG-RSM level.

It is concluded that the Regent low-glucosinolate
rapeseed meal can be used in the diets of chickens dur-
ing both the rearing and the subsequent laying period.
However, because of increased mortality and high in-
cidence of liver lesions the content of LG-RSM of this
type ought to be limited in long-term use to 5—10 %
in the diet in order to avoid economic losses as a result
of decreased hen-housed production.



Table 7. Mean results of the hatchings and performance of progeny during the first week.

RSM % in diet 0 5 10 17 SE
Number of eggs incub. 584 656 621 576
Fertility % 90,7 86,9 93,7 91,0 0,99 NS
Hatchability % 86,4 82,6 883 85,5 1,16 "
Number of malformations
in dead embryos 1 1 2 -
Mean body weight of day
old chicks 40,9 40,9 40,9 40,6 0,28
Mean body weight of one
week old chicks 67,5 67,5 65,0 64,1 1,14
Mortality of chicks % 1,1 1,1 1,2 2,4 0,19
Leg abnormalities % 3,1 4,4 4,3 4,4 0,33
Thyroid weight of one
week chicks mg/100 g 68130 - - 83132 *
body wt. (£SD, N 40)
NS = non-significant
* P <0,05
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SELOSTUS

Kasvatuskauden ja/tai munintakauden rehussa kiytetyn rapsijauhon
(Regent) vaikutuksesta eldinten tuotantoon ja terveyteen.

Tuomo KIISKINEN

Maacalouden tutkimuskeskus

Rapsijauho oli uutettu Regent kaksinollalajikkeesta sisiltden kuiten-
kin verraten runsaasti 6ljyd (8 %). Kdyttomairit olivac starctirehussa
(0~6 vk) 0, 7,5 ja 15, kasvatusrehussa (6—18 vk) 0, 5 ja 10 ja mu-
nitus (siitos-) kauden rehussa 0, 5, 10 ja 17 %. Kasvatus- ja muni-
tusrehussa korkein rapsimidra korvasi kalajauhon ja soijajauhon ko-
konaan. Kasvaruskauden lopussa kunkin ryhmin kanat ja kukot
jaettiin munituskauden ryhmien kesken.

Rapsijauhon kidyttd alensi nuorikoiden painoa n. 40 gilla
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(P < 0,05), mutta rehunkulutukseen ja kuolleisuuteen silld ei ol-
lut merkitsevdd vaikutusta. Rapsijauhon kiytts kasvatuskaudella ei
vaikuttanut merkicsevisti munintakauden kuolleisuuteen ja tuotan-
toon. Munanpaino kyllikin aleni merkitsevisti (P << 0,05) ilmeises-
ti kanojen kevyemmiin painon vuoksi.

Kuolleisuus lisddntyi huomattavasti (P << 0,05), kun rapsijauhoa
kiytettiin munintakaudella 10 ja 17 %. Niiden ryhmien kuolleissa
eldimissd todetciin myds runsaasti revenneitd ja verisid maksoja.



Runsas kuolleisuus aiheutti em. ryhmissi tuotannonlaskua, ja mu-
namird (kg) alkanutra kanaa kohden oli 17 %:n rapsijauhomarilla
muita merkitsevisti pienempi (P << 0,05). Myts piivittdinen tuo-
tanto (%, g) oli talli tasolla 0 ja 5 %:n tasoja merkitsevisti heikompi
(P << 0,05).

Kanojen rehunkulutus ja painoniis’ciys vihenivit rapsijauhomas-
rin lisaincyessd munituskauden rehussa. Kahden suurimman rapsi-
jauhotason ja O-tason viliset erot olivat merkitsevid (P << 0,05). Re-

huhybtysuhteessa el merkitsevid eroja todettu.

Rapsijauho ei vaikuttanut hedelmillisyyteen eikd hauduntatulok-
seen. Silli oli selvi kilpirauhasen painoa lisézivi vaikutus sekd kasva-
tuskauden ettd munintakauden aikana. Suurimmalla kdyteomadrilla
vaikutus todettiin myos jilkeldisissd,

Tulosten mukaan mys vihian glukosinolaatteja sisdltivin rapsi-

jauhon miirdd tulisi tajoittaa rehussa, jos kdyttoaika on pickd.
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COMPETITION BETWEEN BARLEY AND ANNUAL WEEDS
AT DIFFERENT SOWING DENSITIES
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In different growth densities the vegetative yield of barley was increased in stands up to a density
of 550 plants/m?, Clorrespondingly, the number of stems and the weight per plant were reduced.
The grain yield was raised most by increasing the growth density from 100 to 200 and 400

plants/m?,

Competition withl barley markedly diminished the number and weight of weeds up to a growth
density of 200 barley plants/m2.

Treatment with the herbicide Actril 4, containing dichlorprop 274 g, MCPA 119 g, ioxynil 54
g and bromoxynil 36 g/1, increased both the vegetative yield and grain yield of barley in all den-
sities. Herbicide treatment had a 95 % control effect even in the sparsest barley stand and any sub-
sequent increase in density had no significant effect.

The density of weeds at which it was profitable to start chemical control was 67 plants/m?.
Herbicide treatment proved to be a more effective and economical means of control than growth
density despite the good competitive capacity of barley.

Index words: competition, barley, grain yield, vegetative yield, stand density, weed number, weed
weight, Chenopodium album, Galeopsis spp., herbicide treatment, dichlorprop, MCPA, ioxynil,
bromoxynil, financial return.

INTRODUCTION

Weed control is always based on cultivation methods
that enable the competitiveness of cultivated plants to
be improved. A suitable growing density is especially
important for creating favourable conditions for culti-
vated plants. The effect of density on the competitive-
ness between cultivated plants and weeds has been dis-
cussed in a number of investigations (e.g. SuomeLa and
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Paatera 1962, Wiuams 1964, Ervio 1972, 1977, Ha-
KANSSON 1979).

The present investigation concerns the Finnish part
of a joint project carried out concurrently in all Nordic
countries. The purpose of the investigation was to find
out whether, by increasing sowing density, the compet-
itive capacity of barley against weeds could be so im-



proved that the control of weeds would be comparable
with that by herbicide treatment.
The investigation in Finland was conducted in

1977—79 at the Institute of Plant Husbandry of the
Agriucultural Research Centre.

MATERIAL AND METHODS

The effect of seeding rate on the competitiveness of
two-rowed Ingrid barley was studied by field trials
conc;iucted on a stand treated with herbicide and on an
untreated one. A split plot design with four replicates
was used. Dressing with 90 kg/ha N, 40 kg/ha P
and 74 kg/ha K was applied to the soil, which was
sandy clay. Seeding rates were 0, 100, 300, 500, 750,
1000 and 1500 germinating seeds per sq. m. The
sowing date was May 13 or 15. The plots were
harvested on September 20, 1977—78 and on August
29, 1979.

At the 3—4 leaf stage of barley, half of the main
plot number were treated with Actril 4, a herbicide
containing dichlorprop 274 g, MCPA 119 g, ioxynil
54 g and bromoxynil 36 g/1.

Weeds were counted and harvested from 2 X 0,5

Weather in the growing seasons 1977-79

May was warm in all three years. The early part of the
growing season in 1977 was cooler than normal (Table
1) and precipitation varied considerably from month
to month. Night frost occusred in early June. Summer
1978 was exceptionally dry until August and there
were few weeds in early summer. The 1979 growing
season was generally favourable for growth. Early sum-
mer in particular was very warm. Weeds were abun-
dant and grew luxuriantly.

Table 1. Variation from the mean monthly values of temperature

" and precipitation during the growing seasons in Tikkurila 1977—

m? sample areas per plot in mid-July, when the weeds 1979.
were full grown but not yet producing seeds. A barley ~ Month Average temperature ‘C  Precipitation mm
sample was taken from the same areas. The weights of Variation from the Variation from the
H . mean values mean ValUCS

barley and weeds were determined by species and the . 1977 1978 1079 1977 1978 1979
number of barley stems and weeds were counted. The May 05 12 14 15 35 -13
weights of each plant were calculated from these fig-  June -0l 04 1,7 +0 -4 -3

P . o July -24 -14 -2, +52 -8 +20
ures. The significance _Of the-results was rest.ed by step August Yo -17 07 —45  +52 -13
wise regression analysis and analysis of variance. September —24 -1,6 —-06 +9 +37 + 8

RESULTS

The number of weeds varied each year, being lowest in
1978 and most abundant in 1979. The dominant
weeds in the fields were the usual weed species in Fin-
land: Chenopodium album, Galeopsis spp., Polygonum
Spp., Stellaria media and Viola arvensis.

Sowing density

Length measurements performed at the spiking stage
showed that the batley in the two areas least densely
seeded was shorter than that in other stands. The rate
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of lodging in stands varied from year to year, bur it
was never intense and nor was it affected by the den-
sity of the stand.

The number of shoots. The emerged barley plants
were counted at the end of May. Their numbers were
as follows.

Sown plants/m? Emerged plants/m? %
100 85 85

300 214 71

500 373 75

750 552 74

1000 688 69

1500 973 65

The results show that the desired density of growth
was not achieved, but that the denser the stand the
greater was the thinning caused by intra-specific com-
petition during germination and sprouting. The actual
growth densities, approximated to 100, 200, 400,
550, 700 and 1000 plants/m?, are therefore used in
the presentation of results.

Table 2. Vegetarive yield of barley in different stand densities.

Plants/m’? Vegetative mass Percentage of barley in
kg/hal total vegerative mass
Untreated  Treated Untreated Treated
100 3260* 4200° 77 99
200 4810° 54300 93 100
400 5620¢ 5780 95 99
550 62804 66304 98 100
700 5940 6140 97 100
1000 6050% 66904 98 100

D Figures with the same index letter in the same column are not sig-
nificantly different at the level of P = 0,05.

Vegetative yield of barley. The growth density af-
fected the vegetative yield of barley in such a way that
the quantity of straw produced per unit of surface area
was increased in untreated stands and in those treated
with herbicide up to a growth density of 550 plants/
m?* (Table 2). Likewise the number of stems per plant
and the weight per plant were reduced (Table 3). The
curve that best illustrated the change was parabolic
(Table 4).

Table 3. The number and weight/plant of barley stems in different
stand densities.

Plants/m? Stem number/plant Stem weight g/plant

Untreated Treated Untreated  Treated
100 5 6 3,8 4,9
200 3 4 2,2 2,5
400 2 2 L5 1,5
550 1 2 L1 1,2
700 1 1 0,9 0,9
1000 1 1 0,6 0,7

Grain yield. When the sowing density of barley was
increased, the grain yield changed differently from the
vegetative plant mass. By increasing the growth den-
sity from 100 to 200 plants/m?, the grain yield was
raised by 820 kg/ha (Table 5). A similar yield was
obtained from the stand of 400 plants/m? In areas -
more densely sown the increase in yield appeared to be
reduced, though it did not differ staristically signifi-
cantly from the greatest increase in yield.

The number and weight of weeds. The average
number of weeds growing on the unsown plots was

Table 4. Equations illustrating the change in stem number/plant and stem
weight/plant in increasing stand density (plants/m?) of barley.

Variable

Equation F-value d.f. Multiple
correlation
coefficient

Stem number
untreated y = 5,527 — 0,740 x + 0,030 x? 15,89%%= 1,31 0,72
treated y = 5,818 — 0,810 x + 0,034 x2  32,02%e% 1,31 0,84
Stem weight
untreated y = 3,903 - 0,536 x + 0,021 x? 12,17%%* 1,31 0,71
treated y = 4,699 — 0,729 x + 0,031 x?  20,03%** ,31 0,75
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Table 5. Grain yield of barley in different stand densities.

Plants/m?> Grain yield" Yield increase
kg/ha kg/ha
100 3240 . -
200 4060° 820
400 40600 820
550 39200 680
700 39300 690
1000 3830b 590

1) See explanation in Table 2.

101 per m? They produced 1430 kg of air-dry plant
mass/ha. Competition with barley in the stand mark-
edly diminished the number of weeds and particularly
their weight up to a growth density of 200 barley

- plants (Fig. 1). The weight of the weeds did not differ
significantly in barley stands denser than that. Ran-
dom variation was noted in the number of weeds in
the dense stands.

Several different mathematical curves were calcu-
lated on the basis of the material to depict the change
in the number and weight of weeds as a function of
sowing density. The F-value, which tended to remain
low, and the multiple correlation coefficient, however,
indicated that they did not illustrate the trends in the
material of this study particularly well.

Weed species. The most abundant weed species were
Chenopodium album and Galeopsis spp. In the unspray-
ed pure weed stand the number of C. #/bum individ-
uals was 19 per m? and of Galegpsis spp. 22 per m?,
The air-dry yield of C. album per ha was then 1036 kg
and of Galeopsis spp. 847 kg.

Competition with barley in the stands reduced che
weight of the above species more cleatly than their
number. The increase in growth density brought about
a change in weight that was sharp initially but levelled
off, starting from the growth density of 200 barley
plants (Figs. 2 and 3). Even in the sparsest barley the
air-dry yield of Galeopsis spp. was only 25—30 % of
the mass produced in the unsprayed weed stand. The
corresponding yield of C. #lbum was 34 %. Conse-
quently the competition from barley in the stand nota-
bly restricted the growth of both weed species.
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ig. 1. Effect of barley density on the number and yield of weeds.

Herbicide treatment

Barley. Treatment with herbicide increased both the
vegetative yield and the grain yield of barley in all
densities (Table 2; Fig. 4). The increase in yield was
greatest in the sparsest barley stand, in which the veg-
etative yield was augmented by 29 '% and the grain
yield by 14 % as a result of herbicide treatment,
The average grain yield . of barley in unsprayed
stands was 3710 kg/ha and in stands treated with
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Fig. 2. Effect of barley density on the yield of Chenopodiam album.

herbicides 3970 kg/ha. The treatment therefore prod-
uced a statistically significant increase of 7 % in grain
yield.
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The effect of herbicides on weeds. Herbicide
treatment in stands of weeds alone reduced the weight



WEEDS BARLEY
EFFECT OF CONTROL YIELD INCREASE

% 100 60 20 20 60 %

100

200

400

550

700

1000

GROWTH DENSITY PLANTS/m?

TREATED
UNTREATED

Fig. 4. Effect of barley density and herbicide treacment on weeds
and on the grain yield. Weed control effect and the increase in bar-
ley yield in the sparsest untreated stand = 0. The results concerning
the effect of density marked with the same letter are not significant-
ly different at the level of P = 0,05.

of the weeds by 83 %. The greatest weed control a-
chieved in unsprayed barley by increasing the growth
density was 79-85 % in areas with 550 or more
plants/m? (Fig. 4). The reduction in weed weight at
densities of 200 and 400 batley plants/m? was 62—72
%. Herbicide treatment had a 95 % effect, even in the
sparsest barley stand, and any subsequent increase in
density had no significant effect. The reduction in
average weed weight with herbicide treatment was 88
% (Table 6).

Herbicide treatment reduced the number of C. #/-
bum by 95 % and their weight by 98 % (Table 6). The

Table 6. Effect of herbicide treatment on the average number and
yield of weeds.

Species Number/m?  Yield kg/ha

All weeds untreated 91b 650°
treated 25* 77t

C. album untreated 21 294
treated 1 . 5

Galeopsis spp.  untreated 10 203
treated 4 17

corresponding results for Galeopsis spp. were 60 % for
number and 92 % for weight.

Costs of weed control

The economic profitability of the control effects of
growth density and chemical weed control were com-
pared at the 1980 price level. Seeds of malting barley
then cost Fmk 1,14 /kg and in the autumn the pro-
ducer received Fmk 1,30/kg for his yield. The herbi-
cide used in the present investigation, Actril 4, cost
Fmk 76 per ha at a dosage rate of 3 [/ha.

The financial return from the crop rose only up to
the growth density of 200 barley plants (Table 7).
Since the yield ceased to improve in stands of greater
density, the spiralling costs of seeds reduced the finan-
cial return. This shows that it is not worth using a
greater sowing rate than usual for the control of weeds.
Furthermore, the control effect of sowing density alone
and the ensuing financial result was poorer than that
due to chemical control in all densities of batley, de-
spite the cost of spraying. The density of weeds at
which it was profitable to start chemical control in the
present study was the smallest number of weeds that
occurred in the untreated stand, that is 67 plants/m?

Table 7. Financial return from the crop when the costs of seeding
and herbicide treatment are reduced.

Value of the yield mk/ha
Plants/m? Untreated Treated Difference
between
treatments
100 3870 4350 + 480
200 4940 5190 + 250
400 4730 5160 + 430
550 4560 4710 + 150
700 4400 4610 + 210
1000 4060 4120 + 60
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DISCUSSION

The competitiveness of plants in many investigations
has been described by various coefficients (e.g. de Wir
1960, Lampeter 1959—60) or by changes in the num-
ber, size and yield of competing species (WirLiams
1964, Ervio 1971, 1977, Scace and MKevie 1976).
In the present investigation the competitive capacity of
barley was measured by the size of the yield and its
proportion in the yield of mixed stands of barley and
weeds (Tables 2, 5, Fig. 4). Since the subject of the in-
vestigation was a natural weed stand, no coefficients
that describe competition could be used because they
require specially sown pure stands and mixed stands.
Competition can cause natural intra-specific- thin-
ning in a stand. This is obviously what happened to
barley in the present investigation, because compared
with the seeding rate, relatively fewer shoots grew in
the dense stands than in the sparse ones (p. 234).
The trend in the yield of barley with increased den-
sity (Tables 2, 5, Fig. 4) was as described in a number
of previous investigations (e.g. Ervio 1972, Hikansson
1975, 1979). These studies show that the crop in-
creases to a certain density after which the increase
slows down and finally ceases altogether. In the present
investigation the smallest sowing densities were, how-
ever, so close to the optimal density of a stand that the
stage at which the yield was enhanced as density in-
creased was very short. The number of stems of barley

and their individual weights changed as one would ex-
pect in competition (Tables 3 and 4).

The competitive capacity of Ingrid barley, which
was already good in the sparse stand, was improved by
increasing the growth density; the proportion of barley
in the whole yield of the stands rose concomitantly
with density (Table 2). The unsprayed barley stand of
200 plants/m?, which was more sparse than normal,
reduced the yield of weeds to 180 kg per hectare. The
control was thus 60 % effective. This can be regarded
as satisfactory even though, when using herbicides, the
aim is a reduction of at least 70 %. This was achieved
withour herbicide treatment in the stand of 400 barley
plants, the yield of weeds then being 270 kg/ha. This
is considerably less than the average weights noted in
fields of spring crops in Finland. Various investiga-
tions show these to be 740 kg/ha (SuomeLa and Paate-
1a 1962), 1000 kg/ha (Mukura 1974) and 1590 kg/
ha (Ervio 1972). In sprayed stands, herbicide treat-
ment destroyed weeds, even in sparse barley, so
successfully that the effect of the competitive capacity
of barley could not be established (Fig. 4).

In the present investigation herbicide treatment
proved to be a more effective and economical means of
control than growth density despite the good competi-
tiveness of barley (Table 7).
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SELOSTUS

Kylvétiheyden vaikutus ohran ja rikkakasvien kilpailuun

Lea-rurra Ervio

Maatalouden tutkimuskeskus

Tissi julkaisussa on esitetty Suomen osuus yhreispohjoismaises-
ta tutkimuksesta joka oli kiynnissi kaikissa Pohjoismaissa vuo-
tiheyted hsaamalla parantaa sen kllpaxlukykya rikkakasveja vas-
taan siind miirin, et torjuntatulos korvaisi herbisidikisictelyn.

Ohran kylvijtiheydct olivat 0, 100, 300 500 750, 1000 ja

aikana kasvusto harveni 1lmelsestx lajinsisdisen kilpailun vuoksi
sitd enemmin, miti tihedampi kasvusto oli. Todelliset kasvuti-
heydet olivar siten oraslaskennan mukaan 100, 200, 400, 550,
700 ja 1000 kpl/m?. Kasvutiheyden lisadntyessd ohran korsi-
massa/pinta-alayksikko suureni seki herbisidilld kisitellyissa
etrd kisictelem#ttomissd kasvustoissa tiheyteen 550 kpl/m?
saakka. Jyvisato kasvoi 200—400 yksilon tiheyteen saakka.
Ohractomilla koeruuduilla rikkakasvit tuottivat ilmakuivaa
kasvimassaa 1430 kg/ha. Ohran kilpailu kasvuscossa vihensi
rikkakasvien midrdd ja satoa jyrkisti 200 ohrayksilon tiheyreen
saakka. Jauhosavikka ja pillikkeet olivar rikkakasveista run-

saimpia.

Kisittely diklorproppia 274 g, MCPA:ta 119 g, ioksiniilia
54 g ja bromoksiniilia 36 g/ sisilcivilld herbisidilla lisisi sekd
ohran korsimassaa ettd jyvisatoa kaikissa kylvoksissd. Sadonli-
sdys oli suurin harvimmassa ohrakasvustossa.

Kasvutiheyden lisaamiselld saavutettu rikkakasvien torjunta-
teho ruiskuttamattomassa ohrassa oli suurimmillaan 79-85 %
550 yksilon ja sitd tihedmmissd kasvustoissa. Herbisidikisicee-
lylld saatiin 95-prosenttinen rikkakasviteho jo harvimmassa oh-
rakasvustossa eik‘ai tiheyden lisidmiselld sen jilkeen endd olluc

Tihedn kasvuston mkaansaamiseksi tarvittu suuri siemen-
mairid vihensi sadon raloudellista tuottoa. Ainakaan normaalia
suurempaa kylvomadrisd el kannata kiyedd rikkakasvien torju-
miseksi. Kasvuston tiheyden torjuntavaikutus ja samalla mybts
taloudellinen tulos jdivit kaikissa ohran tiheyksissi kemiallista
torjuntaa heikommiksi.
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EFFICIENCY OF AQUA REGIA IN EXTRACTING Cd, Cr, Hg, Ni
AND Pb FROM SOILS OF DIFFERENT ORIGINS

NasiL H. BacHpapy and Jouko Sierora

BaGHDADY, N. H. and SippoLa, J. 1983, Efficiency of aqua regia in extracting Cd, Cr, Hg,
Ni and Pb from soils of different origins. Ann. Agr. Fenn. 22: 240—244. (Agric. Res. Cen-
tre, Inst. Soil. Sci., SF—31600 Jokioinen, Finland.)

As an average more than 90 % of soil total Cd and Ni was extracted by aqua regia. It was less ef-
fective in extracting Cr and Pb, the recovery being 60—70 % of the total content. Cadmium and
lead were extracted almost completely from soils treated with sludge or sampled close to a lead
smelter, showing that amounts extractable with aqua regia indicate pollution more sensitively than
total amounts.

Total contents of Cd, Cr, Ni and Pb determined using the HF~-HNO;—-HCIO, method were
in the ranges 0,05—0,93, 6—150, 4-75 and 14—48 mg/kg respecrively. The respective amounts
extractable with aqua regia were in the ranges 0,05—1,02, 6—120, 3—74 and 4—37 mg/kg. It
was possible to determine mercury only in the aqua regia extracts and contents ranged from 0,015
to 0,15 mg/kg.

Index words: Total Cd, Cr, Hg, Ni, Pb, aqua regia, HF—HNO3—HCIO4, Egyptian, Finnish and

German soils.

INTRODUCTION

In recent years the heavy metals and their accumula-
tion in soils have become an object of ever increasing
interest. Metal pollution of soils is brought about by
waste disposal on land and general industrialization,
etc. Prolonged use of pesticides and sewage sludges
containing heavy metals has led to the accumulation of
Cd, Ni, Pb, As and Cu in agriculcural soils (Frank et
al. 1976).

In many respects a knowledge of the total reserves
of heavy metals in soil and of the factors affecting
them is of great importance. As shown by Mircueir
(1955), the natural level of trace elements in mineral
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soils are primarily dependent on the minerals from
which the soils have originated. The contribution of
these sources to soluble fractions or fractions available
to plant depends on the degree of weathering,

Aqua regia is rather often used in the determination
of soil total heavy metal contents (Kick et al. 1980,
Nasseem 1980, Cotrenie et al. 1982). It does not, how-
ever, result in complete digestion of all minerals, but
results satisfactory for many purposes are obtained.
The aim of the present study was to compare the re-

“covery of Cd, Cr, Ni, Hg, and Pb using the aqua regia

method and HF—~HNO,-HCIO, digestion.



MATERIAL AND METHODS

Twenty-seven soil samples covering a wide range of
variation in their characteristics and geological origin
were collected mostly from the plough layer from
Egypt, Finland and the Federal Republic of Germany
1983).

samples of Finnish soils from areas where experiments

(BacHpapy and  Sirpora Some additional
with heavy metals had been carried out or where pol-
lution by industry was known to be considerable were
analysed. The results of these samples are not given in
the Tables but some comments are made when discus-
sing the results.

The soil samples were prepared for determinations
and their physical and chemical properties were deter-
mined as described by Bacupapy and Sierora (1983).

The soil total heavy metal content was determined by

Table 1. Some chemical characreristics of the investigated soils.

two methods: the first was an aqua regia method (AR)
according to Kick et al. (1980) and Bagupapy and Sie-
roLa (1983); the second was I-IF—HNO}—HCIO4
digestion (HHH) as described by Fisner and Fechrer
(1982). The solutions obtained were analysed for Ni
and Pb using atomic absorption with an air-acetylene
flame and a standard addition method. Cadmium in
the HHH extract and chromium were determined
with carbon rod equipment. Cadmium from the AR
extract was concentrated for flame determination using
a methylisobutyl ketone and hydrazinium sulphate —
potassium iodate system. The mercury in the AR ex-
tract was analysed using the cold vapor method as sug-
gested by Correnie et al. (1982).

Number of CaCO, Org. C CEC Clay %
soil samples pH % % me/100 g <2 pum
Egyptian soils I
mean 8,3 5,0 1,5 53,6 49
range 7,6—9,0 1,4-23,4 0,5-2,3 15-65 30-64
Finnish soils 10
mean 5,9 - 7.8 51,8 29
range 4,6-7,2 - 0,2-26,9 15—-155 5-78
German soils 6
mean 6,4 1,3 1,0 20,4 11
range 4,8-8.,4 0,3-6,0 0,4—1,8 15-30 3-19

RESULTS AND DISCUSSION

Because of the very different sources of the samples
they are grouped in Table 2 according to their origin.
The results show that AR extracted soil cadmium al-
most completely. The mean extraction percentages,
which were based on results obtained using the HHH
method were 97, 80 and 120 % in Egyptian, Finnish
and German soils, respectively. The high values ob-
tained for German soils may be due to volatilization of
cadmium during the destruction stage of the HHH

method. At the final stage HCl is added and the resi-
due is dissolved by heating, at which point CdCl, may
have volatilized. The high cadmium level in German
soils was likely to promote the loss.

The error of determination is also relatively large
when determining low cadmium contents. Direct de-
termination of cadmium in the AR extracts resulted in
extraction percentages of less than 30 %, indicating
matrix problems. Solvent extraction, which was finally
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adopted, gave much higher cadmium contents, but
this procedure is likely to increase variation.

Compared to earlier reports of cadmium contents in
similar soils, it can be seen that, when using boiling 5
% HNO, for extraction of ashed samples, Harow
(1977) reported lower results for Finnish soils. The
difference between mean values was almost threefold,
but 5 % HNO,is a weaker extractant than aqua regia.
In the case of German soils, lower values were obtain-
ed in the present study than by Kick et al. (1980),
who reported the range of AR extractable cadmium as
0,15 to 3 mg/kg. The small number of samples in
each group in the present study does not, however,
permit further conclusions.

Aqua regia also extracted nickel almost completely.
The mean extraction percentages ranged from 83 to
99 % in the three soil groups. The high amounts of
nickel in Egyptian soils were most easily dissolved by
aqua regia. Relatively high nickel contents of Egyptian
soils have also been shown by Eisokkary (1978). The
mean nickel contents in Finnish and German soils we-
re one third of that in Egyptian soils, and are at the le-
vel indicated in studies with more numerous samples.
Vuorinen (1958) reported the total nickel content in
Finnish soils to be 23 mg/kg and Kick et al. (1980)
found a range from 2 to 76 mg/kg in German soils,
using aqua regia.

An average of two thirds of the total chromium was
extracted by aqua regia and the proportion of total
lead was somewhat lower. In contrast, some additional
samples which are not included in Table 2 and which
were polluted by lead, had contents ranging from 665
to 3340 mg/kg (AR method); almost 100 % extrac-
tion was obtained. This shows that aqua regia extrac-
tion is very suitable for indicating contamination.

Due to the volatility of mercury none of this el-
ement was found in HHH extracts. There is thus only
data for the AR extracts. The mean mercuty value for
Finnish soils was higher than that of the two other
groups, although the range was similar to that of Ger-
man soils. Rautarii et al. (1979) reported an even
higher mean mercury content of 0,11 mg/kg for Fin-
nish soils. Their material included samples from ex-
perimental fields where fungicides containing mercury
has been used. In this study a similar sample con-
tained 0,4 mg/kg mercury, showing that application
of fungicides containing mercury leads to accumula-
tion in soil. A dose of 100 tn/ha of sewage sludge was
also found to increase soil contents, from 0,12 to 0,21
mg/kg.

The above results indicate that although aqua regia
does not completely extract heavy metals from soil it
appears to be very suitable for characterizing soils ac-
cording to their degree of pollution.
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SELOSTUS

Kuningasvesi maan elohopean, kadmiumin, kromin, lyijyn
ja nikkelin uuttajana

Nasi H. Bacrpapy and Jouko Sierora

Haitallisten raskasmetallien kertymiseen viljelysmaihin on teollistu-
misen ja jitteiden maatalouskdyton lisddntyessd kiinnitecey yhi ene-
kdytetty mm. kuningasvesiuuttoa, miki vahvana hapettajana liuot-
taa lihes kokonaismisrin. Tdmidn tydn tarkoituksena oli selvittds
kuningasveden uuttokykyd ominaisuuksiltaan hyvin erilaisista mais-
.

Tulosten mukaan kuningasvesi uutti kadmiumia ja nikkelid kes-
kimazrin kaikki Egyptistd, Saksasta ja Suomesta otetut niyteeet ki-
sittdvissd aineistossa yli 90 % fluorivetyhajotuksella saadusta koko-
naismizristd. Suomesta otetuista ndytteistd uuceui titd keskimadrdd
vihemmin: 80 % kadmiumista ja 86 % nikkelistd, 64 % kromista
ja 58 % lyijystd. Lyijysulaton ldheisyydesti otetuista niytteistd, joi-
den pitoisuus ol

huomattavasti tavanomaista korkeampi,

665—3340 mg/kg, kuningasvesi uucti lyijyn lihes tiydellisesti.
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Vaikka kuningasvesi ei ndin ollen uuta maasta raskasmerallien ko-
konaismzirdd, niyttdd se soveltuvan hyvin saastuneisuuden arvioi-
miseen.

Ilman edelli mainittuja saastuneita niytteitd lasketru keskimaii-
rdinen lyijypitoisuus 29 mgy/kg Suomen aineistossa oli korkeampi
kuin Vuorisen 1958 esittimi keskiarvo 16 mg/kg. Tamin turki-
muksen pienen niyceaineiston takia, vain 10 ndytett, ei kuitenkaan
voida tehdi johtopaitostd, ettd viljelymaiden lyijypitoisuus olisi ny-
kydtn aikaisempaa kork::ampi. Sen sijaan viemirilietekokeista otet-
tujen ndyreeiden korkea kadmiumpitoisuus (0,40—0,89 mg/kg)
osoitraa, ettd liecteen kidyro liséd maan kadmiumpitoisuutta. Sa-
moin elohopeapitoisten kasvinsuojeluaineiden kiyted lisid maan elo-
hopeapitoisuutta. Niinpd eréilei koekentiltd oterun maaniycteen

elohopeapitoisuus oli viisinkercainen normaaliarvoon verrattuna.
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