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Barley-fodder rape silage

III. Feeding experiments with dairy cows

LEIDULF ØIE NORDANG
The Norwegian State Agricultural Research Stations, Vågenes Research Station,
N-8000 Bodø, Norway

Nordang, L.Ø. 1990. Barley-fodder rape silage. Ill. Feeding experiments with
dairy cows. Norwegian Journal of Agricultural Sciences 4: 179-193. ISSN
0801-5341.

Barley-fodder rape si lage harvested at the yellow ripeness stage of barley,
grass si lage anda combination ofboth si lages were compared for intake and
production response in three experiments. A total of 66 dairy cows in mid
lactation were used in the experiments. Both si lages were well preserved. The
mean organic matter digestibility rates for the barley-fodder rape and grass
si lage were 64.4 and 72.0%, respectively. Netenergy concentrations in the two
si lages averaged 0.682 and 0.774 feed units (kg dry rnatter r+, respectively.
For cows fed barley-rape, grass, ora mixture ofboth si lages, dry matter (DM)
in takes were 9.4, 9.4 and 9.6 kg d I white net energy intakes were 6.4, 7.3 and
7.1 feed units d·1, respectively. In two of the three experiments the yield offat
corrected milk was significantly (P<0.05) lower for cows fed only barley
fodder rape si lage in comparison with the other groups, on average 18.9, 19.4,
and 19.5 kg d-1. It is concluded that barley-fodder rape silage can be used
successfully as the sole forage component in rations for dairy cows.

Key words: Whole barley, fodder rape, silage, dairy cows, feed intake, milk
yield

Leidulf Øie Nordang, Vågønes Research Station, N-8000 Bodø, Norway.

The feeding value of silage made from
mixtures of whole barley and fodder rape
is discussed by Nordang (1990a, b). These
papers include details of ensiling experi
ments with different harvesting stages
carried out at the Norwegian State Agri
cultural Research Stations of Tjøtta,
Vågenes, Holt, Flaten and Svanhovd
(Nordang 1990a) and bull fattening
trials using silages from similar harves
ting slages at Vågenes Research Station
(Nordang 1990b).

To cornplete the evaluation, experi
ments were conducted with dairy cows
offered either silage made from the
barley-rape mixture (harvested at yellow

ripening stage of the barley), grass silage
ora combination ofboth. The main objec
tive of the experiments was to compare
the feed intake, nutr itive value and milk
production of the two si lage types. It was
also of interest to find out whether a mi
xed silage diet would enhance feed in
take.

These experiments form part of the
experimental series «The use of barley
fodder rape silage for cattle and sheep in
Northern Norway" and this is the final
paper in a series of three (Nordang
1990a, b). The sheep feeding experiments
will be published elsewhere.
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180 Barley-fodder rape silage for dairy cows

MATERIALS AND METHODS

A. Plan ofexperiments
Three feeding experiments with a total of
66 dairy cows, all Norwegian Red Cattle,
were carried out during the winters of
1982-85. The experiments were conduc
ted at Bodin Elementary Agricultural
School situated near the Vågenes
Research Station in Bodø.

A randomized block design with
three experimental groups was used. The
cows were assigned to blocks of three
according to lactation number, milk yield
in the preliminary period, days in lacta
tion and liveweight. Three blocks in each
experiment contained only heifers. The
experiments followed the Danish type of
design for continuous group feeding
trials with a preliminary period of 4
weeks, an experimental period of 8 (Ex
periments I and Il) or 10 weeks (Expe
riment Ill), followed by a post-treatment
period of 4 weeks (Presthegge 1959).

In both the preliminary and post
treatment periods the cows were fed the
same type of grass silage, ad libitum, In
the experimental period the diets for the
different treatment groups were:

1. Grass silage fed ad libitum + con
centrates according to the Norwe
gian standards above 7.5 feed units
for fattening (FU).

2. Grass silage and barley-fodder rape
silage fed ad libitum + concentrates
according to the Norwegian stan
dards above 7.5 FU.

Tab le I. Information aboul the experimenls

3. Barley-fodder rape silage fed ad libi
tum + concentrates according to the
Norwegian standards above 7. 5 FU.

Further information about the expe-
riments is given in Table I.

B. Feeds
The mixed sward of barley and fodder
rape was established by sowing 100 kg
ha-I barley seed (Hordeum uulgare ev.
Bode) and 10 kg ha-I fodder rapeseed
(Hrassica napus uar. oleifera ev. Ken tan)
in the same field. Nitrogen was applied
at the rate of 120 kg N ha-I. The climatic
conditions for Vågenes Research Stat.ion
have already been presented (Nordang
1990a). During the three summers tem
perature was lower and precipitation
higher than normal.

The whole barley and foddcr rape
mixture was harvested when the yellow
ripeness stage of the barley had bcen
reached. The grass came from the first
cut from fields dominated by timothy
(Phleum pratense ev. Bodin), two weeks
after heading of tirnothy. llcading was
defined as being at 2 to 10 visible heads
m-2_

Samples of about 2 kg herbage were
col lected from the fields before harves
ting for estimation of the botanical com
posit.ion by sorting. Weighed average
cornposition according to crops harvested
from each of the fie lds is presented in
Table 2. The group «other grasses» in
cluded mainly Poa pratensis , P. annua
and J\lopecurus geniculatus. Table 2 also
gi ves harvesting dates and crop dry mat
ter (DM) yields estimated by harvesting

Age in years Days from cal ving Lengt.h of
Experi- Total no. in ex[!erimenl Group Group experimenlal
ment Cows Heifers 1 2 3 I 2 3 periods ( weeks)

I 1982-83 12 9 5.6 4.1 4.0 86 87 94 8
Il 1983-84 15 9 4.5 4.4 4.4 73 68 69 8
lII 1984-85 12 9 5.0 7.0 5.1 93 71 69 10



two areas, each about 10 m2, within each
field.
The crops were harvested using a flail
type forage harvester and samples were
taken from each wagon load. Formic acid
(85%) was applied at a rate of approxi
mately 3 I ton-I of crops directly into the
harvester. The crops were ensiled in
tower silos and a two-layer plastic sheet
was used to cover them before 500 kg m-2
pressure was applied.

In addition to silage the cows were
fed two concentrate mixtures, «A» (I 2.5%
digestible crude protein (DCP)) and «C»
(32% DCP). Concentrate «C» contained
25% fish meal, while the main protein
sources in concentrate «A» were rapeseed
meal and soya bean meal.

C. Feeding and management
The energy requirement for maintenance
was estimated on the basis of liveweight,
using the Norwegian standard of 4.0 FU
for a 500 kg cow. The protein require
ment for maintenance was set at 75 g
DCP FU-I (Saue 1977). The requirement
for milk production was set at 0.4 FU and
60 g DCP (kg 4% fat corrected milk
(FCM))-1, with lactating heifers being as
signed an extra 0.5 kg concentrate «/\»

for growth.
The initial leve I of concentrate in the

experimental period for the three cows
within any block was based on average
liveweight in the preliminary period, and
milk production for that particular block

Weighing offeed refusals
Concentrate f'eeding
Milking
Si lage feeding

Morning

06:15 h
06:30 h
07:45 h

Afternoon
14:30 h
14:45 h
16:00 h
15:30 h
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in the last week of the preliminary pe
riod. 'I'his amount was reduced by 0.25 kg
every second week in order to match the
standard rate of decline in milk yield (5
to 7% month-1) during mid-lactation (Mo
1975, Bergheim 19796).

In an attempt to meet the protein re
quirement, animals with a yield of over
22.5 kg FCM day! were given from 0.50
to 1.50 kg day-1 concentrate «C». In addi
tion to silage and concentrate, 100 g mi
neral supplement (Norwegian Standard
Mixture) day! was given.

Individually weighed feed rations
were given twice a day, at approximately
110% of voluntary intake. Cows given
both silages (group 2) were fed grass
silage in the morning and barley-fodder
rape silage in the afternoon. Residues
were recorded once a day, except those
for group 2, which were recorded twice a
day. In all experiments the same mil
king, feeding and management proce
dures were used. With some minor modi
fications, the following routine was prac
tised:

Milk yields were recorded four days a
week, from Monday morning to Thurs
day afternoon. Cows were weighed at
various intervals on two consecutive

Table 2. Botanical cornposit.ion (% ofDM), dales of harvesl and crop yield

Experimenl I Experimenl li Ex perimenl Ill
Crop Grass Barley-rape Grass Bar ley-rape Grass Bar ley-rape

/-lordeum uulgare 46 56 76
Brassica napus 46 30 23
Phleum pratense 73 87 88
Other grasses 24 8 Il
Weeds 3 8 5 14

Harvest.ing dales 12-13.7. 13.9. 4-6.7. 2.9. 25-26.6. 11-12.9.
DM yield, ton (ha) I 6.2 8.4 5.7 6.6 3.9 9.2
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days before silage feeding in the mor
ning.

D. Sampling and analyses
DM determinalions wcre recorded week
ly, white samples from silages and silage
refusals were taken for chemical analysis
every second week. The concentrate mix
tures were sampled every week, from
which composite samples were produced
and analysed at the end of the expe
riment. The chemical analyses of feeds
and refusals were carried out according
to procedures described by Nordang
(1990a).

During recording of milk yield from
Monday afternoon to Wednesday mor
ning two samples of milk were taken
from each animal. These were analysed
for milk fat, protein and lactose concent
ration at the Northern Norway Dairy
Laboratory in Harstad using a Foss Elec
tric FMP Combi. The mean of the two
samples was used in the computations.

Twice during the experimental pe
riods samples of rumen fluid were ob
tained by stornach tube. Sampling star
ted at I 0.00 h. After determination of pH,
a 10 ml sample was preserved with 0.25
ml formic acid and analysed for votatile
fatty acids and ammonia using gas chro
matography in the Department of Ani
mal Science at the Agricultural Univer
sity of Norway, Ås.

E. Estimation of the nutritiue ualue of the
roughage
Samples of the two types of silage were
evaluated in an in uiuo digestibility
experiment using two wethers fed at
maintenance leve 1. The estimates of FU,
metabolizable energy (ME) and DCP of
the silage were based on the chemical
analysis from every second week of the
experiments and the corresponding coeff
icients obtained in digestibility trials. A
fuller description of methods used in the
estimation of energy in silage is pre
sented by Nordang (1990a).

Estimation of the net energy concentra
tion in the silage DM for the two silage
types was based on the yield of the cows,
the silage DM intake and the estimated
FU intake of concentrate as described by
Saue et al. (1978). The net energy
requirement for maintenance was set at
3.78 FU (I 00 kg metabolic weight) -1, and
the requirement for milk production at
0.4 FU (kg FCM)-1.

F. Statistical analysis of the data
In the calculation of the results of the ex
periments the first two weeks of the ex
perimental period and the first week of
the post-treatrnent period were excluded.

The statistical analysis of the data
was carr ied out by using the General
Linear Models procedure described by
SAS (1985). The following mode! was
used:

where
Y,j = the parameter analysed
µ = general rnean
a1 = the effect of the i-th treatment
b = the effect of the covariate X1J
e1J = random error

Means of the values obtained during the
preliminary and post-treatment periods
were used as the covariates for each
parameter as described by Presthegge
(1959). When covariates were used, the
least square means (LS means) are
given. Differences between LS means
were analysed using multiple t-tests;
those with different superscripts indicate
a significant difference (P < 0.05).

The yield responses in animals from
the experimental feeds were also calcu
lated as performance in the experimental
period minus average perforrnance in the·
preliminary and extra control per iod.
The data obtained were analysed as a
randomized block design.



RESULTS

A. Chemical compositiori and characte
ristics of the feed
The chemical compositions of the si lages
are presented in Table 3. No substantial
difTerences in DM content were observed
between the two types of silage. The
content of crude protein was generally
low, with lower levels in the bar ley-rape
silage than in the grass silage in two of
the three experiments. The crude fibre
content averaged 32.2 in barley-rape si
lage, and 36.1 in grass si lage.
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The silage was generally of good quality,
with low concentrations of butyric acid
and a pH of 4.0 or lower (Table 4). With
the exception of Experiment I, ammonia
N was below 8% of total-N, a leve I asso
ciated with very good silage (Breirem &
Hornb 1970). [n Experiment I, the con
tent of lactic acid was high in both si la
ges, while in Experiments I[ and Ill the
content of lactic acid was lowest in the
barley-rape silage.
The digestibility of organic matter (OM)
was lower in barley-rape silage Lhan in
grass silage (Table 5). This was possibly

Tab le 3. Chemical composition of the si lages in each experimenl

Experiment I
Gruss Burley-rape

Experiment Il
Grass Barley-rupe

Experiment Ill
Gruss Harley-rape

DM% 20.9 21.8 23.0 22.7 24.3 24.6
%of DM:
Crude protein 11.9 10.3 8.9 9.3 11.8 9.6
Corr. crude protein 10.6 9.2 8.4 8.7 1 I.I 9.0
True protein 6.2 5.4 6.4 6.1 6.8 5.6
Ether extract 4.8 3.5 3.5 2.1 4.3 2.1
N-free extract 41.7 45.9 46.8 47.9 43.7 54.1
Crude fibre 37.8 32.l 35.6 35.3 35.0 29.3
Ash 5.1 9.3 5.7 6.1 5.8 5.6
Sugar 1.9 2.1 2.6 3.0 2.9 5.3
Ca 0.34 1.27 0.27 0.61 0.33 0.44
p 0.22 0.32 0.19 0.35 0.23 0.25
Mg 0.08 0.12 0.08 0.10 0.10 0.07
K 1.42 1.91 1.29 1.66 1.88 1.55
N03-N 0.01 0.05 0.04 0.04 0.03 0.02
True protein in%
ofcrude protein 52.2 52.3 71.8 65.6 57.3 58.1

Table 4. Con tent of ammonia <NH3-N ), pH and organic acids of the si lages

Experiment I Experiment li Experiment Ill
Grass Barley-rape Grass Barley-rape Grass Barley-rape

NH3-N in% of total N 10.7 10.4 7.7 7.4 4.8 6.1
pH 4.0 4.0 3.7 4.0 3.6 3.9
In si lage,%:
Formicacid 0.14 0.09 0.26 0.26 0.22 0.23
Acetic acid 0.61 0.52 0.48 0.31 0.36 0.53
Propionic acid 0.04 0.01 0.07 0.02 0.00 0.01
Butyric acid 0.01 0.01 0.00 0.03 0.00 0.06
Valeric acid 0.01 0.01 0.00 0.00 0.00 0.00
Lactic acid 2.37 3.06 1.22 0.91 1.43 0.63
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Table 5. Digestion coefficients of the si lages

Experiment I
Grass Barley-rape

Experiment Il
Grass Barley-rape

Experiment Ill
Grass Barley-rape

Dry matter 71.7 66.0 67.1 60.1 72.1 62.1
Organic matter 73.8 68.6 68.4 61.0 73.8 63.5
Crude protein 63.5 56.9 52.7 52.2 67.8 55.6
Ether extract 73.3 70.0 70.5 71.9 75.9 68.4
N-free extract 68.7 72.7 67.0 63.4 73.4 68.8
Crude fibre 82.5 66.0 73.7 59.3 75.9 55.7
Ash 31.0 40.7 45.8 46.5 45.0 39.1

due to the barley-rape silage having a
substantially lower crude fibre digesti
bility than the grass silage. Differences
between silages in digestibility of nitro
gen free extract (N FE) were less signifl
cant.

Because of the lower OM diges
tibility, the calculated energy value was
lower in barley-rape silage than in grass
silage (Table 6). Calculation of the FU
concentration using the -value nurnber
80» resulted in higher FU values than
with the fibre deduction method. The
mean FU concentration (value number
80) were 0.682 and 0.774 (kg DM)-1 for
barley-rape and grass silage, respecti
vely. The DCP concentration was gene
rally low, 49 g (kg DM)-1 in barley-rape
and 62 g (kg DM)-1 in grass si lage.

Chemical composition, energy and
protein contents of concentrate mixtures
«A» and «C» are given in Table 7.

/3. Animal heallh and weight changes
during the experimenls
Apart from a rather high incidence of
clinical mastitis, the general health of
the cows was good. During the experi
mental period 7, 4 and 4 cows were trea
ted for mastitis in Experiments I, li and
Ill, respectively. No correlation between
treatment and occurrence of masti tis was
observed.

Liveweights during the experiments
are presented in Table 8. Liveweight
gain for the cows during the experimen
tal per i od averaged 43, 58 and 116 g
day=- ! for Experiments I, Il and Ill, res
pecti vely.

C. Feed consumptioti
Daily intakes of silage DM and FU are
given in Table 9. When computing si lage
FU intake in the preliminary and post
treatrnent periods, an energy value of
0.74 FU (kg DM)-1 was used.

Table 6. Feed units for fattening (FU), digestible crude protein (DCPJ and metabolizable energy ( MJ MEJ
(kg DM) I

FU calculated using:
Va lue number 80
Fibre deduction

ME,MJ
DCP,g

Exper irnent I Experirnent Il Experimcnt Ill
Grass Barley-rape Grass Barley-rape Grass Barley-rape

0.798 0.709 0.735 0.653 0.790 0.683
0.759 0.684 0.696 0.595 0.767 0.670

li.I JO.I 10.0 8.9 11.4 9.3
67 53 44 45 75 50



Tab le 7. Chemical composition of concentrates
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Experiment I
Mix.A Mix.C

Experiment li
Mix. A Mix.C

Experiment Ill
Mix. A Mix.C

DM,% 86.7 88.4 86.9 88.3 86.8 89.5
%of DM:
Crude protein 18.4 41.4 21.1 42.0 18.3 37.5
Ether extract 5.2 7.4 6.0 7.5 5.8 8.5
N-free extract 63.8 33.7 57.2 33.8 62.6 35.9
Crude fibre 7.3 6.2 7.8 5.7 7.8 8.0
Ash 5.3 11.2 7.9 11.0 5.5 10.1
Ca11 0.7 1.6 0.7 1.6 0.7 1.6
pl) 0.6 1.2 0.6 1.2 0.6 1.2
Na1l 0.3 0.8 0.3 0.8 0.3 0.8
Per kg DM
FU1l 1.08 1.10 1.08 1.10 1.08 1.09
DCP11,g 144 362 144 362 144 358

11 Given by the producer

Table 8. Liveweights during the experiments

Experiment I Experiment li Experiment Ill
Group 1 2 3 1 2 3 1 2 3

Liveweight, kg
Start, preliminary period 491 473 464 544 516 540 489 513 499
End, preliminary period 498 483 472 527 505 520 500 522 517
After 2 weeks in expt. period 515 489 492 547 510 532 504 526 523
End, experimental period 497 485 479 535 511 516 506 527 530
End, post-treatrnent period 510 493 491 538 510 505 503 532 516
Changes in liveweights in
experimental period, g day·1 -18 +29 + 118 + 139 + 107 -73 +96 +67 + 186

Generally, the cows had a high si lage
DM intake in the experimental periods,
although intakes varied between exper i
ments. In Experiment I the silage DM
intake in the preliminary period was
higher in group 3 than in the other
groups (this parameter was not used by
blocking the animals). In Experiment lll
the groups also had variable feed intakes
during the preliminary period. Group 2
cows, which were offered both silages,
consumed 48%, 47% and 39% of silage
DM from barley-rape silage, in Expcri
ments I, li and Ill, respeclively.

The daily amount of concentrate «C»
fed in the experimental period averaged
at 0.55, 0.65 and 0.71 kg in Experiments

I, li and Ill, respectively. In Table 10
daily intake of silage DM and si lage FU
are presented as LS means, where the
means of observations in the preliminary
per iod and in the extra control period are
used as covariates in the calculations.

No difference in intake of silage DM
was observed in any of the experiments.
As a result of the lower FU concentration
in barley-fodder rape si lage, intake of FU
(LS means) was lower in group 3 than in
the other groups, although the difference
was significant only in Experiment Ill.

D. Milk production
The mean daily yield of milk and FCM
cow! and the chemical composition of
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Table 9. Daily intake of silage DM, silage DM (100 kg liveweightl 1, silage FU (estimated using value
number 80), concentrate FU and total FU in the periods of the experiments

Period
Group

Preliminary
1 2 3

Experimental
1 2 3

Post-treatrnent
I 2 3

Experiment I
Si lage DM kg
Silage DM kg(I00 kg 1.w.J I
Si lage FU
Concentrate FU
Total FU intake
Experiment li
Silage DM kg
Silage DM kg<I00 kg l.w.)'
Silage FU
Concentrate FU
Total FU intake
Experiment lil
Silage DM kg
Si lage DM kgt l 00 kg 1.w.J 1

Silage FU
Concentrate FU
Total FU intake

10.44 10.41 11.81 9.17 9.49 10.39 9.63 9.31 9.93
2.11 2.18 2.52 1.81 1.95 2.15 1.91 1.90 2.05
7.73 7.70 8.74 7.32 7.18 7.37 7.13 6.89 7.35
5.03 4.77 5.13 3.99 4.05 3.98 3.38 3.39 3.36

12.76 12.48 13.87 I 1.31 I 1.22 I 1.35 10.51 10.28 10.71

7.94 8.26 8.00 9.05 9.37 8.91 8.23 8.81 8.45
1.48 1.62 1.51 1.65 1.84 1.71 1.53 1.72 1.65
5.88 6.11 5.92 6.65 6.53 5.81 6.09 6.52 6.26
8.52 8.05 8.01 6.13 6.14 6.14 5.59 5.62 5.55

14.40 14.16 13.93 12.78 12.67 11.95 11.69 12.15 11.81

8.36 7.97 7.29 9.84 10.01 9.08 8.91 9.60 8.96
1.69 1.54 1.44 1.94 1.90 1.73 1.76 1.81 1.71
6.19 5.90 5.40 7.78 7.50 6.20 6.60 7.11 6.63
8.44 8.66 8.53 6.72 6.73 6.75 5.96 6.05 5.91

14.63 14.56 13.93 14.50 14.23 12.95 12.56 13.16 12.54

Table 10. Daily intake of si lage DM and si lage
FU (LS means)

Group I 2 3

Experiment I
Si lage DM 9.40 9.92 9.73
Silage FU 7.49 7.48 6.89
Experiment li
Silage DM 9.18 9.20 8.94
Si lage FU 6.76 6.39 5.84
Experiment Ill
Si lage DM 9.71 9.70 9.52
Silage FU 7.68b 7.27b 6.54•

the milk for the different groups in the
experiments are given in Tables 11, 12
and 13.

In Experiment I the cows in group 1,
which were fed grass silage, yielded sig
nificantly less than the other groups, but
because there was a slightly higher milk
fat concentration, the difference in FCM
yield was not significant. In Experiment
Il, cows in group 3 produced significantly
less milk and FCM than cows in group 1,

while the cows in group 2 were some
where in belween in yield. In Expe
riment III, the catt.le offered both silages,
gave the highesl yield of milk and FCM,
whereas group 3 cows (barley-rape sila
ge) produced the lowest yield. In Table 14
the yield parameters and milk composi
tion are presented as corrected (least
square) means.

In Experimenl I the milk yield was
significantly lower in group 1 compared
with the other two groups. Because of a
slightly higher milk fat concentration in
group 1, the difference in FCM was not
significant. In Experiment II the milk fat
content and FCM were lower in group 3
than in the other groups, whereas the
difference in milk yield was not signifi
cant. In Experiment Ill milk yield, fat
content and FCM were lower in group 3
than in the other two groups.

Differences in milk protein and lacto
se concentrations were not significant in
any of the experiments. No differences in
milk flavour were detected in milk from
Experimenls I and Il Lesled by a tasting
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Table 11. Mean daily yield and composition of the milk, Exper iment I

Difference
Preliminary Experimental Post-treatment Il - I

Group period period pcriod Performance !' Ill - I

Milk,kg 21.55 17.85 16.89 -1.37•
FCM,kg 20.33 16.92 16.62 -1.55
Milk fat,% 3.67 3.65 3.88 -0.12. protein,% 3.15 3.11 3.20 -0.07
Lactose, % 5.12 4.98 4.94 -0.05

2 Milk,kg 21.18 18.63 16.76 -0.34b 1.03
FCM,kg 20.45 17.41 16.26 -0.94 0.61
Milk fat,% 3.82 3.57 3.81 -0.25 -0.13

protein, o/o 3.18 3.11 3.16 -0.07 0.00
Lactose, % 5.04 4.94 4.97 -0.06 -0.01

3 Milk,kg 20.98 18.39 16.53 -0.36b 1.01
FCM,kg 20.41 17.21 16.02 -1.00 0.55
Milk fat,% 3.82 3.58 3.82 -0.23 -0.11

protein,% 3.18 3.16 3.23 -0.04 0.03
Lactose, % 5.03 4.97 4.95 -0.02 0.03

Il Calculated as the difference between observations in the experimental period and the means of
preliminary and post-treatment periods.

Table 12. Mean daily yield and composition of the milk, Experiment Il

Difference
Preliminary Experirnental Post-treatrnent Il - I

Group period period period Performance!' Ill - I

Milk,kg 25.39 20.05 18.29 -l.79b
FCM,kg 24.97 19.41 18.01 -2.08b
Milk fat,% 3.86 3.77 3.90 -0.1 tab

protein,% 3.14 3.10 3.18 -0.06
Lactose, % 5.00 4.80 4.77 -0.09

2 Milk,kg 25.74 19.95 19.14 -2.48•b -0.69
FCM,kg 24.60 19.21 18.46 -2.32•b -0.24
Milk fat,% 3.70 3.73 3.75 .o.oi- 0.10

protein,% 3.18 3.10 3.12 -0.05 0.01
Lactose, % 5.01 4.78 4.76 -0.10 -0.01

3 Milk,kg 25.85 20.18 19.92 -2.70• -0.91
FCM,kg 24.78 18.64 18.77 -3.14• -1.06
Milk fat,% 3.74 3.48 3.62 -0.20• -0.09

protein, o/o 3.11 3.01 3.09 -0.09 -0.03
Lactose, % 5.13 4.91 4.91 -0.11 -0.02

Il Calculated as the difference between observations in the experimental period and the means of
preliminary and post-treatment periods.
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Table 13. Mean daily yield and composition of the milk, Experiment Ill

Difference
Preliminary Experimental Post-treatment li - I

Group period period period Performancet! Ill - I

Milk,kg 25.29 22.94 19.63 0.48b
FCM,kg 24.19 22.16 19.90 0.1 I b
Milk fat,% 3.71 3.80 4.13 -0.12. protein,% 3.16 3.30 3.35 0.04
Lactose, % 4.90 4.97 5.08 -0.02

2 Milk,kg 25.27 23.24 19.68 0.77b 0.29
FCM, kg 24.20 21.81 19.29 0.1 lb 0.00
Milk fat,% 3.70 3.59 3.88 -0.20 -0.08

protein,% 3.16 3.18 3.27 -0.03 -0.07
Lactose, % 4.84 4.93 5.04 -0.01 0.01

3 Milk,kg 25.17 21.84 19.10 -0.30• -0.78
FCM,kg 24.47 20.69 19.20 -1.14• -1.25
Milk fat,% 3.80 3.67 4.08 -0.27 -0.15. protein,% 3.09 3.10 3.25 -0.07 -0.11
Lactose, % 4.90 4.89 4.97 -0.05 -0.03

1> Calculated as the difference between observations in the experimental period and the means of
preliminary and post-treatrnent periods.

Table 14. Daily milk yield and milk composition
(LS-means)
-
Group 1 2 3
--
Ex[Jeriment I

Milk,kg 17.60• I8.65b I8.63b
FCM,kg 16.77 17.41 17.37
Milk fat,% 3.67 3.56 3.57
Milk protein,% 3.11 3.11 3.15
Lactose, % 4.96 4.95 4.98

Ex[Jeriment li
Milk,kg 20.46 19.92 19.82
FCM,kg I9.48b I9.25b 18.53•
Milk fat,% 3.68b 3.76b 3.54•
Milk protein,% 3.08 3.09 3.05
Lactose, % 4.83 4.82 4.84

Ex[Jeriment Ill
Milk,kg 22.85b 23.13b 22.04•
FCM,kg 21.99b 2I.96b 20.72•
Milk fat,% 3.78b 3.66•b 3.63•
Milk protein,% 3.25 3.19 3.15
Lactose, % 4.95 4.94 4.90

panel at the Northern Norway Dairy La
boratory in Harstad.

E. Rumen fluid composition
The proportions of volatile fatty acids in
the rumen fluid presented in Table 15
indicate the average of two samplings
during the experimental period. In Expe
riment I the proportion of acetic acid in
group 3 was lower, while the contents of
propionic and butyric acid were higher
than in the ot.her groups. In Experiment
Il the molar concentration of acetic acid
was aignificantly lower in group 2 than
in group 1, while the proportions of pro
pionic and butyric acid were higher. In
Experiment Ill the molar concentration
of acetic acid was lowest for the cows in
group 2, while group 3 cows had the lo
west propionic acid concentration.

In all the experiments proportions of
valeric and isovaleric acid were higher in
group 3 than in group 1. The ratio
(C2 + C4)/C3 differed between the groups,
consistent with the acids which give rise
to this parameter.

Ammonia concentration was lower in
group 3 than in group 1 in two of the
experiments. In Experiments Il and Ill
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Table 15. Molar proportion ofvolatile fatty acids, ammonia-N and pH in rumen fluid

Experiment I Experiment li Experiment Ill
Croup I 2 3 I 2 3 1 2 3
--
Molar percentage:
Acetic acid 67.4b 66.9b 63.7• 64.Jb 61.6• 63. 1 ab 65.3b 63.0• 66.Jb
Propionic acid 19.5• 19.4• 20.7b 18.5• 19.9b 19.6•b 18.3b 19.2h 17.0•
Butyric acid 10.68 11.28 I2.6b 13.78 14.6h 13.1• 13.0 14.1 13.1
lsobutyric acid 0.7 0.7 0.7 0.9• l.0•h i.i» 0.8 0.8 0.8
Valeric acid 0.88 0.9• J.2h 1.3• 1.5h 1.6b 1.4• 1.6h 1.6h
Isovaleric acid 1.0ab 0.9• I.lb 1.2• 1.5h J.4b 1.2• 1.3• 1.5h

Ammonia, rnmolt L) 1 I8.8h 12.9• 8.7• 2.6• 4.7b 2.6• 6.5b 8.7b 2.9•
pH 6.60• 6.92h 6.86h 6.70 6.78 6.80 6.91• 6.958 7.19h
(C2+C4J/C3 4.04b 4.07b 3.72• 4.28h 3.90• 3.95• 4.338 4.108 4.72h

the ammonia concentration generally
was low. In all groups the pH in rumen
fluid was quite high, and generally
higher for cows in group 3 compared with
group 1 cows.

F. Feed utilizauon
The intakes of FU and DCP (kg FCM)-1
and FU concentration of the silage based
on the yield of the cows are presented in
Table 16. Energy and protein used for
milk production was estimated as the dif
ference between total intake and main
tenance requirement.

Substantial changes in liveweight
were observed following change of silage
feeding (Table 8), going from the prelimi
nary to the experimental period, as ob
served in other experiments (Andersen et
al. 1976). Because of this, no corrections
for liveweight changes were made.

The energy used for milk production
ranged from 0.415 to 0.463 FU (kg FCM)
-1, which concurs with results obtained
by Mo (1975), Bergheim (1979b) and
Hole (1985b). The protein supply was
generally lower than 60 g DCP (kg
FCM)-1, but no major differences be
tween the groups were observed.

Whereas in Experiment I the dif
ference in FU concentration between si
lages estimated from production corres
ponded well with the digestibility trials,
in Experiments II and Ill there was a
lower leve I of difference between the two
si lages.

DISCUSSION

A. Characteristics of the silage
In other experiments with silage made
from barley-fodder rape mixtures har-

Table 16. Daily intakes of net energy <FU) and digestible crude protein <DCP)(kg FCM)·1, and calculated
FU (kg DM) 1 based on results of the experiments

Experiment I Experiment li Experiment Ill
2 3 I 2 3 I 2 3

Above maintenance:
FU(kgFCM)-1 0.418 0.408 0.420 0.430 0.438 0.410 0.463 0.452 0.415
DCP(kgFCM)I 52.7 51.4 52.5 52.6 54.8 55.2 65.8 62.5 56.3
Calculated:
FU(kgDM)1 0.766 0.740 0.675 0.670 0.618 0.631 0.648 0.635 0.649
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vested at yellow ripeness, the OM digest
ibility varied extensively between years
and sites (Nordang 1990a, b). In the
experiments reported here, OM digest
ibility varied less, and was similar to the
majority of the si lages in the ensiling and
bull feeding experiments. The highest
digestibility was found in Experiment I,
when fodder rape made up about half of
the si lage DM.

OM digestibility and energy con
centrations in the barley-fodder rape si
lage were in agreement with the results
obtained by Sjodahl & Martinsson (1987)
and Pestalozzi (unpubl.), and were sl ight
ly higher than the results obtained by
Lunnan (I 983).

The chemical cornposition and diges
tibility of the grass silage corresponded
well with results from similar experi
ments in Northern Norway (Bergheim
1979a, b, Hole 1985a, b), although the
digestibility of crude fibre was slightly
higher than that observed at corres
ponding harvesting stages in Southern
Norway (Homb 1952, Presthegge 1959,
Gudmundsson 1979).

The main contrast between the two
silages was the lower energy con
centration in barley-rape silage. This
was partly due to the lower digestibility
coefficients, especially those of crude
fibre, although it should be noted that
the crude fibre content of barley-rape si
lage was lower than that of grass si lage.

In Experiment Il and Ill some prob
lems with aerobic deterioration occurred
in the barley-fodder rape silage. The
temperature in the silage occasionally
rose to about 30°C. In a later expe
rimental series with barley-fodder rape
silage, where double the quantity was
removed from the silo each day, no tem
perature rise was detected (Nordang,
unpubl.).

B. Feed intake
Factors influencing the voluntary intake
of si lage DM are, among others, the OM
digestibility of the silage, DM con
centration, fermentation characteristics

(Brenøe 1972, Hermansen 1980) and
crude fibre content (Kristensen 1983).

In the present experiments no dif
ference in DM intake between silages
was registered, despite the higher OM
digestibility of the grass si lage. This may
have been due to the lower crude fibre
content in barley-fodder rape silage.
Kristensen's (1983) system for esti ma
ting feed intake by dairy cows, based on
the content of crude fibre in the forage,
has separate equations for grass silage
and whole barley silage, the two silage
types having simi lar gut lill va lues.

Silage DM intakes, averaged over all
the experiments, were 9.35 kg, 9.62 kg
and 9.46 kg for groups I, 2 and 3,
respectively. These figures are similar to
the results of llole (1985b), Bergheim
(1979b) and Bævre (I 977).

It is widely recommended that the
in take of brassica species by the animals
be restricted if adverse effects from the
toxic agents glucosinolates and S-me
thylcysteine (SMCO) are to be avoided
(McDonald et al. 1984). In the experi
ments reported here, no effects on animal
health or milk flavour were registered; in
Experiments li and Ill this may have
been the case since fodder rape made up a
limited part of the total ration. In Ex
periment I, although the daily consurnp
tion offodder rape DM was 4.78 kg, about
one-third of the total DM intake, no
adverse effect was observed. Grongnet
(1982), who oITered 6.2 kg DM fresh
fodder rape to dairy cows, did not record
any clinical symptoms either, although
some blood parameters were altered.
Care must therefore be taken when
fodder rape content in the crop mixture is
high. On the other hand, ensiling
experiments have shown that both
glucosinolates and SMCO are reduced
during the ensiling process (Fales et al.
1987).

As a consequence of the variation be
tween groups in the preliminary period
in Experiments I and Ill, the silage DM
intakes differed between the groups in
the experimental period, but when cal-



culated as LS means, correcting for diffe
rences in the preliminary and extra cont
rol periods, no substantial differences
were observed.

In Experiments I and li the variation
within groups in DM intake was high,
with the result that the differences in
silage FU intake between group 3 and
the other groups were not significanl.
The cows fed both types of si lage (group
2) did not consume significantly !arger
amounts of silage DM than the other
cows. They did, however, have a higher
intake of F'U and showed a higher milk
production than the cows fed only barley
fodder rape silage. Therefore, a combina
t.ion of grass silage and barley-fodder
rape silage may reduce any adverse ef
feet of low energy concentration in bar
ley-fodder rape silage. However, since
silage from barley-foddcr rape is more
prone to aerobic deterioration than grass
silage there is an argument for using
barley-fodder rape si lage as the sole fora
ge. Wilh a high rape content in the crop
mixture, the risk of heating problems
during unloading is less, and a mixed
silage diet may reduce possible health
risks associated with high rape content.

C. Animal production and feed utiliza
tion
In Experiment I the cows in group 1
displayed a slightly higher intake of si la
ge FU (LS means) than group 3, although
not a higher yield of FCM (LS means).
On the other hand, calculations showed
that the feed ut.ilization in groups 1 and 3
was similar. This apparent inconsistency
may be due to the considerable difference
in silage intake between the two groups
in the preliminary period. 'I'his difference
influenced the LS means for silage in
take bul not the calculation of feed uti
lization, which was based on observed
values.

In Experiment li the yield of FCM
was lower in group 3 than in the other
two groups. The feed utilization was
slightly better in group 3, so the produc
tion response seems to be a consequence
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of the lower FU intake, although the
difference is lower than was expected
from the in take of FU. However, the
different patterns of weight gain between
the groups in the experimental period
may explain some of this deviation.

In Experiment III the yield of FCM
was lower for cows fed barley-fodder rape
silage than those fed grass silage. The
difference in production, however, was
lower than expected from differences in
F'U intake. While the cows in group 3
yielded approximately the arnount of
FCM expected from the total FU intake,
those in the other groups yielded less
than was expected. T'his was expressed
through higher values for F'U above
maintenance (kg FCM)-1.

One possible reason for the lower
feed utilization for groups I and 2 in
Experimenl Il and Ill could be that the
leve! of feeding was too high in relation
to potential yield in these groups. How
ever, the liveweight gains were rela
tively small in these groups, bul could
have been more influenced by rumen lill
than by energy retention by the animals.

Milk fat content may be depressed by
a rumen fermentation pattern characte
rized by a low ratio of acetic and butyric
acid over propionic acid (viz. (C2 + C4)/C3)
(Beever & Oldham 1986). Starch diges
ted post-ruminally and absorbed as glu
cose could have a similar effect (Ørskov
1975). The lower milk fat concentration
in the cows fed barley-fodder rape silage
than those fed grass silage may be due to
these two factors.

Generally, the production experi
ments confirmed the trend found in the
digestibility tr ials, i.e. that the barley
fodder rape silage had a lower energy
value than the grass silage. However, the
obtained differences between silages we
re lower than those estimated from diges
tibility experiments with sheep fed at
maintenance leve!.

In deciding the extent to which
barley-fodder rape mixture should be
grown, the crop yield must also be con
sidered. The yield of FU ha-! was
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calculated from DM yield and FU values
were estimated either from digestibility
trials (D) or from the production ex
periments (P). The FU yields were al
ways higher in barley-fodder rape than
in grass:

Experiment I
Grass B.-f.r.

Experiment Il
Grass B.-f.r.

Experiment Ill
Grass B.-f.r.

D 5000 6000
P 4800 5700

4200 4300
3800 4200

3100 6300
2500 6000

It must be noted that the grass yield is
taken from the first cut, and that the
second cut al Vågenes is normally about
half the yield of the first cut (Larsen pers.
comm.). On the other hand, effluent los
ses will be higher from grass silage than
from barley-fodder rape silage, where ef
fluent production is often near zero
(Nordang 1990a).

This shows that barley-fodder rape
mixture is a high-yielding crop which
can be well preserved as silage, and the
silage is eaten well by the cattle. The pro
duction results demonstrate that bar løy
fodder rape silage may successfully be
fed as the sole forage cornponent in ra
tions for dairy cows in mid-Iactation.
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Effects of different environments and selection
for persistency in laying hens
I. Effects of two different rearing systems on growth rate,
feed conversion, mortality and age at sexual maturity in
chickens

LUN JUN MOU & NILS KOLSTAD
Agricultural University of Norway, Department of Animal Science, Ås, Norway

Mou, L.J. & N. Kolstad 1990. Studies on egg production persistency in laying
hens. I. Effects of two different rearing systems on growth rate, feed conver
sion, mortality and age at sexual maturity in chickens. Norwegian Journal of
Agricultural Sciences 4: 195-203. ISSN 0801-5341.

The effect.s oftwo different rearing systems for laying hens (battery cages and
floor pens) were studied. Body weight at different ages, growth rate, feed con
version, mortality rate and sexual maturity were compared for chicks reared
in cages and in floor pens in two generations (1986 and 1987). In both 1986
and 1987 the chicks reared in cages grew faster and were considerably heavier
than those reared on floor. The average body weight.s of chicks at 1, 6, 11 and
18 weeks of age in the 1986 rearing period were 70.8, 545.1, 1136.0 and 1642.6
g, respectively, for cage-reared chicks, and 72.1, 515.5, 1011.3 and 1451 g, res
pectively, for chicks reared in floor pens. The average body weight gain from 1
to 18 weeks was 13.2 g/day for chicks in cages and 11.6 g/day forthose on the
floor. In the 1987 rearing period, the body weight.s at 1, 7 and 16 weeks of age
were 73.4, 660.3 and 1582.0 g for chicks in cages, and 75.0, 613.5 and 1377.6 g,
respectively, forthose on the floor. The average body weight gain from 1 to 16
weeks was l 3.5 g/day for chicks in cages and 12.4 g/day forthose on the floor.
The mortality rates in the different rearing systems were not significantly
different with the exception of the l 1-18 week period in 1986, when the
mortality rate for chicks in cages was significantly higher than the rate for
those on the floor. Age at sexual maturity of the chicks reared in cages avera
ged 143 days, which was 10 days earlier than those in floor pens. Comparison
of feed consumption and feed conversion showed that chicks reared in cages
consumed more feed than those on floor and had a slightly higher feed conver
sion. The heritability for body weight at I, 6, 7, 11 and 18 weeks of age avera
ged 0.37, 0.44, 0.43, 0.46 and 0.47, respectively. The heritability estimates for
age at sexual maturity estimated from sire, dam and sire plus dam corn
ponent.s of variance were 0.38, 0.36 and 0.37, respectively. Body weight at dif
ferent ages was highly correlated, genetically and phenotypically, except at
one week of age.

Key words: Body weight, chickens, feed conversion, genetic parameter, mor
tality, rearing system, sexual maturity.

Lun Jun Mou, Department of Animal Science, Macdanald College of McGill
University, 21,111 Lakeshore Road, Ste. Anne de Bellevue P.Q. Canada H9X
ICO.
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In a number of investigations an attempt
has been made to determine the effects of
different management systems on beha
viour of laying hens, either by means of
preference testing or by a comparison of
behaviour in different environments. It
has proved extremely difficult to inter
pret such studies conclusively (Duncan
1981). Monitoring physiological parame
ters associated with reaction to a stressor
is another approach to the study of wel
fare in different housing environments.
Mashaly et al. (1984) have shown that
the leve I of corticosterone is different for
laying hens kept under different mana
gement conditions. Egg production has
been reported by some to be superior for
hens in floor pens than for hens in cages
(Froning & Funk 1958, Carlson & Stan
geland 1960, Timmons et al. 1961), while
others claim that egg production for ca
ged hens is superior compared to that of
floor-penned hens (Bailey et al. 1959,
Miller & Quisenberry 1959, Rose & Sell
1969). It is generally agreed, however,
that cage management has more econo
mic profitability compared with floor ope
rations (Henry 1968, Wildey 1982).

It is commonly believed that it is bet
ter to rear the birds under the same ma
nagement system as will be employed in
the future production period since the ex
perience and environment met in early
life may have profound and lasting ef
fects on late life periods. The purpose of
this study is to compare the effects of cage
vs. floor rearing systems on the growth
rate, feed conversion and mortality of
chicks.

MATERIALS AND METHODS

A base population was established in
1986 through mixing the progeny from
two linesofa Norwegian White Leghorn
layer breed from two breeding stations.
'T'he hatching eggs were taken from the
two stations and hatched at the Uni ver
sity Chicken Farm. The present analysis
is based on data collected in the rearing

periods of 1986 and 1987. Only female
chickens were included in the analysis.

The chicks were pedigreed, sexed,
vaccinated against Marek's disease and
individually wing-banded when one day
old. The female chicks were randomly as
signed to two rearing environments: bat
tery cages and floor pens.

The battery cages were in three tiers,
each cage measuring 0.9m x 0.5m =
0.45m2. Around 40 birds were put into
each of the top cages from one day old to
six weeks of age. Afterwards, the birds
were distributed throughout all three
tiers. The floor rearing was carried out in
several rearing rooms in the same house.
Each room, in which about 400 birds we
re kept, was 30 m2 in size.

The same feed, temperature and ligh
ting system were used for the two groups
which were reared for 18 weeks before
being moved to the laying house.

The lighting system used was a "sud
den down" programme with 24-hour ligh
ting for the first day only and 9-hour
lighting from the second day to 16 weeks
of age. Water was available from nipple
drinkers in the cages and from drinking
buckets in the floor pens. A standard
commercial mash diet was given ad.
libitum. The compositions of the diets
and calculated contents of nutrients are
listed in Table 1.

The chickens were weighed at 1, 6, 11
and 18 weeks of age in 1986, and at 1, 7
and 16 weeks of age in 1987. The mor
tal ity rate for both years was calculated
and age at sexual maturity recorded indi
vidually in 1987.

The SAS GLM (general linear modøl)
procedure was used for carrying out a
multivariate analysis of variance (SAS
Institute Inc. 1987). The F test was car
ried out according to the different appro
ximations of F values to test the effect of
the two different rearing systems. Chi
square testing was used for testing the
difference in mortality between the two
groups. The genetic parameters were es
timaled using Harvey's LSMLMW pro
gram (Harvey 1987). The following sta-
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Table l. Composition and calculated contents of
the diets used in the rearing period (percent)

lngredients 0-8 weeks 8-18 weeks

Herring meal 5.41 2.50
Soybean meal (extr.) 10.51 3.00
Harley 20.00 19.13
Wheat 15.00 5.40
Oat 27.00 45.00
Wheat middlings 10.07 10.00
Fat 3.00 3.00
Grass meal ----- 2.00
Meat and bone meal 4.00 4.00
Methionine 0.02
Shell meal ----- 2.17
Maize gluten 2.32 3.06
Calcium phosphate 2.03
Salt 0.10 0.45
Std. micromin. 0.10 0.10
Mg oxide 0.04 0.04
Choline chloride 0.20 0.05
Vitamin concentrate 0.20 0.10

Calculated contents:

Crude protein 19.76 15.41
Dig.CP 16.30 12.30
Fat 6.46 6.87
ME Kcal/kg 2800 2700
Lysin 1.00 0.66
Methionine + cystine 0.72 0.59
Linoleic acids 1.24 1.50
Ca 1.20 1.30
p 0.71 0.66
Na 0.15 0.25

tistical mode) was used for all the traits
in the analysis:

where:
Y ijkl is the observation of the 1th pro

geny of the jth dam within the .th
sire in the kth rearing system.

µ is the common mean.
Si is the random effect of the ith sire.
dij is the random effect of the jth dam

mated with ith sire.
Hk is the fixed effect of the k th rearing

system.
eijkl is the residual error.

RESULTS AND DISCUSSION

1. Growth rate
Table 2 and Fig. 1 and 2 show the body
weight and growth rate of chickens rea
red under the two different rearing sys
tems in 1986 and 1987. Average body

1> X = population mean in actual units
SD = standard deviation in actual units
CV = coefficientofvariation in percent

Table 2. Population parameters estimated in the 1986 and 1987 rearing periods11

Trait SD CV x SD CV

Chickens in cages Chickens on floor

In 1986:
Body weight, g
at l week of age
• 6 weeks • •
• 11
» 18 » » »

Growth rate, g/day

In 1987:
Body weight, g
at l week of age
» 7 weeks • •
• 16 •
Growth rate, g/day

Sexual maturity, duys

70.8 7.3 10.3 72.l 6.2 8.5
546.2 46.5 8.5 515.6 39.5 7.7

1143.0 83.7 7.3 1011.5 65.9 6.5
1639.2 131.l 8.0 1447.9 107.2 7.4

13.2 1.1 8.3 11.6 0.9 7.8

73.4 8.1 11.0 75.0 6.1 8.1
660.3 57.8 8.8 613.5 52.5 8.6

1581.8 105.6 6.8 1377.4 88.1 6.4
14.4 1.0 6.9 12.4 l.l 8.9

143.0 6.9 4.8 153.3 7.3 4.8
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floor pens at the same age. Since the
lighting system, temperature and diets
were the same, it is obvious that the dif
ference in growth rate between the two
groups of chickens could not have been
caused by these factors. The chickens in
cages had a relatively small "activity

• ceqe area" compared with those reared on the
R troer floor and the feeders and drinkers were

very close to them, so it was easy to find
food and water when needed. On the floor
the chickens were more active. They mo
ved around searching for food and water,
play ing or fighting with each other, all of
which are energy consuming activities.

1-e w. e-11 w. 11-1& w. 1-11 w.
Period

Fig. I. Body weight gain at different ages in the
1986 rearing period
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2. Feed consumption. and feed conversion
ef[iciency
Although no individual records of feed
consumption were made, it is interesting
to compare feed consumption for these
two groups of chickens on the basis of
group means. Table 3 shows the average
body weight gain, feed consumption and
feed conversion in 1986 and 1987. In ge
neral, chickens in cages consumed slight
ly more food than those reared on the
floor. From 1 to 7 weeks of age, the dif
ference in feed consumption and feed con
version between the two groups was not
great, hut in the 7-16 week period in 1987
the chickens in cages consumed nearly
12% more than the group on the floor
(72.0 g vs. 63.3 g ). The feed conversion
efficiency of the chickens in cages was
slightly hetter than those on the floor. 4.0
g of feed was used to produce I g of weight
gain in cages in 1987, while the cor
responding figure on the Iloor was 4.2 g.
It can also be seen that feed conversion
efficiency decreased accordingly (Table
3). From an economic point of view, the
cage rearing system seems to be hetter
than the floor system.

3. Mortality
Although mortality rates in the two
different rearing systems generally did
not differ very much, the figures tended
to favour the floor system (Table 4). The

Fig. 2. Body weight gain at different ages in the
1987 rearing period

weights at 1 week of age were nearly the
same for the two groups of chickens. At 6,
11 and 18 weeks of age, the chickens rea
red in the battery cages were heavier
than those reared on floor, the difference
between the two groups being statis
tically significant. The average growth
rate varied in different periods and the
same growth pattern can be seen in both
environments (Fig. 1 ). In I 986 the most
rapid growth period of chickens occurred
at 7 to 11 weeks - 17.0 g per day in cages
and 14. 2 g on floor. The chickens in cages
grew much faster than those in floor
pens. From 11 to 18 weeks the growth
rate decreased greatly in both groups
because of outbreak ofMarek's disease in
October 1986.

The results in 1987 was very similar
to those in 1986 (Table 2). In both years
the chicks reared in cages grew faster
and were heavier than those reared in
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Table 3. Weight gain, food consumption and food conversion in the 1986 and 1987 rearing periods

Rearing Period Weightgain Food consumption Food conversion
system (weeks) (g/day) (g/day) (feed,g/gain,g)

In 1986:
Cages 1-6 13.6 34.7 2.6

6-11 17.0 69.4 4.1

Floor 1-6 12.7 31.2 2.5
6-11 14.2 64.4 4.6

In 1987:
Cages 1-7 14.0 35.7 2.6

7-16 14.6 72.5 4.9
1-16 14.4 57.3 4.0

Floor 1-7 12.8 34.4 2.7
7-16 12.1 63.3 5.2
1-16 12.4 51 .8 4.2

Table 4. Mortality rate for chickens reared in dif- Frequency (%)
ferent rearing systems in 1986 and 1987 •6 r

40 /\ -- Caoe

36
.,.. Fioor

Cages Floor
No.of Mortality No. of Mortality 30

Period birds % birds % 26

20

In 1986: 16
1-6 weeks 1014 1.0 1122 0.5 10
7-11 . 1004 2.3 1116 2.2 6
12-18 • 981 11.3 1091 8.6
1-18 . 1014 14.1 1122 11.1 0

120 126 130 136 1<40 146 160 166 160 166 170 176 180 186

In 1987:
Age at aexual maturity (daya)

1-7 weeks 1436 0.8 1796 0.6 Fig. 3. Distribution of age at sexual maturity of
8-16 . 1425 2.1 1785 1.3 chickens
1-16 . 1436 2.9 1796 2.0

greatest and most significant difference
in mortality between the two groups of
chickens in the 12-18 week period in
1986 came after an outbreak of Marek's
disease (11.3% vs 8.6%).

4. Age at sexual maturity
Age at sexual maturity is expressed as
the number of days from hatching to the
first day of laying. On average, the chic
kens in the cages laid their first egg 10
days earlier than those in the floor pens.
Fig. 3 shows the distribution of age at se
xual maturity grouped by rearing sys-

tem. There was little variation in sexual
maturity except in some extreme cases.
In the cages 90% of the chickens started
to lay eggs before 150 days of age, hut at
this age only 57% of the chickens on the
floor had laid their first eggs.

5. Genetic and phenotypic parameter esti
mates
Heritabilities and genetic and phenoty
pic correlations were estirnated for each
group of chickens and for the total popu
lation. The heritability estimates are lis
ted in Tables 5 and 6, and the genetic and
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Table 5. Herit.ability estirnates for body weight and weight gain in 1986

Traits h2s+d s.e. h2 s.e. h2d s.e.•
Overall popuJation:
Body weight at I week 0.39 0.06 0.27 0.09 0.50 0.11

• 6 weeks 0.44 0.06 0.54 0.13 0.31 0.1 I
• 11 . 0.45 0.06 0.62 0.15 0.24 0.11
• 18 . 0.40 0.06 0.34 0.10 0.46 0.11

Weight gain from 1-18 weeks 0.40 0.06 0.34 0.10 0.45 0.1 I

Chickens in cages:
Body weight at I week 0.33 0.10 0.32 0.16 0.34 0.23

• 6 weeks 0.40 0.10 0.59 0.22 0.17 0.24
• 11 . 0.36 0.10 0.62 0.22 xc »
• 18 . 0.50 0.10 0.40 0.18 0.59 0.22

Weightgainfrom l-18weeks 0.51 0.10 0.40 0.18 0.61 0.22

Chickens on floor:
Body weight at I week 0.45 0.10 0.32 0.15 0.57 0.21. 6 weeks 0.51 0.09 0.58 0.20 0.43 0.22

• li . 0.56 0.09 0.65 0.22 0.46 0.21
• 18 • 0.47 0.09 0.35 0.16 0.57 0.21

Weight gain from 1-18 weeks 0.45 0.09 0.36 0.16 0.53 0.21

11 NC = not calculated because of negative variance component

Table 6. Hcrit.ability estimates for body weight, weight gain and sexual maturity in the 1987 rearing
period

Trait:s h2s+d s.e. h2 s.e. h2d s.e.•
Overall population:
Body weight at I week 0.34 0.05 0.22 0.06 0.44 0.09

• 7 weeks 0.43 0.05 0.47 0.10 0.40 0.09
• 16 . 0.48 0.05 0.50 0.11 0.46 0.09

Weightgain from 1-16 weeks 0.47 0.05 0.50 0.1 I 0.45 0.09
Age at sexual maturity 0.37 0.05 0.38 0.09 0.36 0.09

Chickens in cages:
Body weight at I week 0.29 0.06 0.15 0.08 0.42 0.12

• 7 weeks 0.46 0.07 0.53 0.13 0.38 0.12
• 16 . 0.52 0.07 0.56 0.13 0.47 0.12

Weight gain from 1-16 weeks 0.52 0.07 0.56 0.13 0.47 0.12
Age at sexual maturity 0.40 0.07 0.64 0.14 NCII

Chicken on floor:
Body weight at I week 0.42 0.07 0.36 0.12 0.47 0.14

• 7 weeks 0.39 0.07 0.61 0.16 0.47 0.14
• 16 . 0.40 0.07 0.55 0.15 0.22 0.14

Weightgainfrom l-16weeks 0.39 0.07 0.55 0.15 0.20 0.14
Age at sexual maturity 0.32 0.07 0.20 0.11 0.42 0.15

11 NC = not calculated because of negative variance component

phenotypic correlalions in Tables 7 and 8. age are around 0.40 (Siegle 1962). From
The heritability eslimales usually repor- the present analyses, the average estima-
ted for body weight from 6-12 weeks of les of h2 for body weight al one week of
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Table 7. Genetic correlations (below diagonal) and phenotypic correlations (above diagonal) between dif
ferent traits estimated in 1986 (from sire components ofvariance)

Traits 1 2 3 4 5

Overall population:
l Body weight at 1 week 0.44 0.31 0.23 0.18
2 . . . 6 weeks 0.34 0.80 0.49 0.47
3 . . • 11 . 0.28 0.89 0.68 0.68
4 . . • 18 . 0.38 0.65 0.86 0.99
5 weight gain from 1-18 weeks 0.34 0.65 0.86 0.99

In cages:
1 Body weight at 1 week 0.38 0.31 0.26 0.21
2 . . • 6 weeks 0.10 0.79 0.49 0.48
3 . . • 11 . 0.28 0.90 0.70 0.69
4 . . • 18 . 0.41 0.60 0.86 0.99
5 Weight gain from 1-18 weeks 0.37 0.61 0.86 0.99

On floor:
1 Body weight at 1 week 0.45 0.25 0.13 0.07
2 . . . 6 weeks 0.44 0.79 0.45 0.43
3 . . • 11 . 0.06 0.85 0.65 0.64
4 . . • 18 . -0.17 0.52 0.83 0.99
5 Weight gain from 1-18 weeks -0.23 0.49 0.81 0.99

Table 8. Genetic correlations (below diagonal) and phenotypic correlations (above diagonal) among traits
estimated from the 1987 rearing period (from sire component.s ofvariance)

Traits 1 2 3 4

Overall population:
1 Body weight at 1 week 0.47 0.32 0.26
2 . . . 7 weeks 0.55 0.68 0.66
3 . . • 16 • 0.45 0.78 0.99
4 Weight gain from 1-16 weeks 0.42 0.77 0.99

lncages:
1 Body weight at 1 week 0.46 0.32 0.26
2 . . • 7 weeks 0.54 0.70 0.69
3 . . • 16 • 0.53 0.84 0.99
4 Weight gain from 1-16 weeks 0.49 0.84 0.99

On floor:
1 Body weight at 1 week 0.47 0.32 0.25
2 . . • 7 weeks 0.57 0.67 0.65
3 . . • 16 . 0.40 0.76 0.99
4 Weight gain from 1-16 weeks 0.35 0.75 0.99

age were 0.35 in 1986 and 0.39 in 1987.
The herilability eslimates for body
weight al 6 and 7 weeks of age were not
very different, the former averaging 0.44
and the latter 0.43. The corresponding fi
gures for body weighl at 11, 16 and 18

weeks of age were 0.46, 0.47, and 0.46.
For weight gain, the heritability estima
les averaged 0.46. The heritability of
sexual maturity shows a moderate value
of h2 = 0.38, which is in agreement with
those usually reported (Kinney et al.
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1969, Kolstad 1972). When comparing
the estimates for different years, they we
re found to be similar.

In general, the genetic correlations
betwcen body weight at different ages in
the present analysis were found to be
higher than the corresponding phenoty
pic correlations (Tables 7 and 8). The
tables also show that the estimates com
puted from chickens in cages do not differ
much from those computed from chickens
on the floor.

As discussed earlier, the chickens in
cages grew faster than those in the floor
pens and the phenotypic variation of the
former group was bigger. It may be assu
med that the genetic basis of these two
groups of chickens reared under different
systems was the same. According to the
definition of heritability, which is the
proportion of additive genetic variance of
the phenotypic variance, h2 =VA/VP' the
heritability estimated for chickens m ca
ges is expected to be lower than that for
chickens in the floor pens. The present
analysis shows that for most traits the
heritability estimates of the chickens in
cages were actually lower than those of
chickens on the floor.

SUMMARY

In both 1986 and 1987 the chicks reared
in cages grew faster and were consi
derably heavier than those reared in floor
pens. The average body weight gain from
1 to 18 weeks in the 1986 rearing period
was 13.2 g/day for chicks in cages and
11.6 g/day for those on the floor. In the
1987 rearing period the average body
weight gain from l to 16 weeks was 13.5
g/day for chicks in cages and 12.4 g/day
for those in floor pens. Chicks reared in
cages consumed more feed than those on
the floor and had slightly higher feed
conversion efficiency. Mortality rates in
the different rearing systems were not
significantly different with the exception
of the 11-18 week period in 1986, when
the mortality rate for the chicks in cages

was significantly higher than that for
chicks in floor pens. Age at sexual matu
rity of chicks reared in cages averaged
143 days, which was l 0 days earlier than
those on the floer.

The heritability estimates for body
weight at different ages were from mode
rate to high, mostly at about 0.40. The
heritability estimate for age at sexual
maturity estimated from sire, dam and
sire plus dam components of variance
were around 0.40. With the exception of
body weight at one week of age, body
weight at different ages was highly cor
related, genetically and phenotypically.
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Effects of different environments and selection
for persistency in laying hens

IL Egg production performance in laying hens in two
different environments (Cages vs floor)
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Mou, L.J. & J. Katie 1990. Effects of different environmenls and selection for
persistency in laying hens. li. Egg production performance in laying hens in
two different environments (Cages vs floor). Norwegian Journal of
Agricultural Sciences 4: 205-216. lSSN 0801-5341.

A comparative study was carried out to test the effects of the individual cage
system and the floor system on the production performance of White Leghorn
layers. The whole egg production period (up to 88 weeks) was divided into
early purt-record (up to 42 weeks), annua! record (up to 70 weeks), the first
residual record (42- 70 weeks) and the second residual record (70-88 weeks). It
was found that the hens housed in the individual cage system did not difl'er
significantly from those in floor pens in most of the traits under consideration.
Owing to the eurlier sexual maturity, however, the cuged hens laid more eggs
in the early part of the egg production period bul fewer eggs in the residual
periods than the penned hens. There was no significantdifference between the
two systems in specific gravity and albumen height, huta higher incidence of
blood spots was observed in eggs of floor-penned hens than in eggs of caged
hens. The mortality rate in the cages was significantly lower than that in the
Iloor pens. In general, the penned hens had hetter plumage than the caged
hens, particularly on the neck, breast and wings, and they hud lower incidence
of foot problems than the caged birds. It is concluded from this study that the
cage system is not Superior to the floor pen system in most of the aspecls con
sidered with the exception of low mortality. The egg production in the second
residual period was low in both systems (50% or less on a survivor basis) and
showed considerable variation, indicating that egg production could be in
creased by improving production persistency.

Key words: Chickens, egg production, part-record, persistency, residual re
cord.

L. J. Mou, Department of Animal Science, Macdonald College of McGill
University, 21, 111 Lakeshore Road, Ste. Anne de Bellevue, P.Q, Canada H9X
1CO.

Abbreviations used in this work: AH = albumen
height, l:lS = blood spots, l:lW = body weight, EM
= egg mass, EN = egg number, EW = egg weight,
PE = percent egg production, RI = first residual
period, R2 = second residual period, SG = specific
gravity, SM= age at sexual maturity.
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The battery cage system is the most corn
mon ly used system in commercial egg
production today. In recent years, there
has been increasing concern about ani
mal welfare. Research work has been car
ried out regarding the efTects of different
production environments on the perfor
mance, behaviour and physiology of the
birds. Attempts have been made to lind
alternatives to battery cages or to modify
existing cage systems. Wegner (1981)
summarized the research results from
projects carried out in West Germany and
concluded that none of the three systems
studied could be regarded as optimal
from an economic, bird welfare or hygie
nic point ofview.

Many comparisons of the performan
ce of hens under different production sys
tems have been carried out in past years.
Lowry et al. (1956), Bailey et al. (1959),
Miller & Quisenberry (1959), Rose & Seil
(1969) and Koelkebeck & Cain (1984a)
reported that egg production of caged
hens was higher than that of floor-pen
ned hens. However, the egg production of
floor-penned hens has been found to be
superior to that of caged hens in other re
ports (Froning & Funk 1958, Carlson &
Stangeland 1960, Timmons et al. 1961,
Mench et al. 1985). Grotts (1956), Bailey
et al. (1959) and Froning & Funk (1958)
found that the egg weight of hens in ca
ges was significantly higher than that of
floor-penned hens. Betler viability was
generally report.ed for caged hens than
for floor-penned hens (Lowry et al. 1956,
Wegner 1978, Koelkebeck & Cain
1984b). Cage housing showed economic
and hygienic advantages, whereas hou
sing on litter produced behavioural ad
vantages hut economic and hygienic
disadvantages. There is little doubt that
the clear economic superiority of laying
cages makes it hard to discard this sys
tem at the moment.

Laying hens are usually kept for a
one-year production cycle of up to about
70 weeks of age. How would it afTect pro
duction if the birds are kept for a longer
period? Is it possible to increase egg pro-

duction by irnproving production pcrsis
tency in the extended period?

The first objective of this study is to
test whether there are difTerences in ef
fect between cage and floor management
on ( l) body weight (BW), (2) egg produc
tion traits including egg number (EN),
egg weight (EW), percent egg production
(PE) and egg mass (EM), (3) egg quality,
(4) viability and (5) plumage and foot pro
blems. The second objective is to investi
gate the production performance in diffe
rent life time-periods up to 88 weeks of
age.

MATERIALS AND METHODS

The data used in the present study were
from the second generation of an unse
lected base population. The genetic ma
terial was discussed by Kolstad & Mou
(I 990). A total of 2448 pullets were hou
sed at 16 weeks of age, 1344 in individual
cages and 1104 in floor pens. The pullets
reared in the cages were put in indivi
dual cages while those reared on floor we
re put in floor pens.

One laying house was used for this
experiment, half of which was equipped
with individual cages and half with floor
pens. The cages were in three tiers and
the area of each cage was 1056 cm2 (44
cm x 24 cm). The floor pens, in which 12
pullets were housed, were 3 m2 in size.
The average space for the penned pullet
was 2500 cm2, which was more than twi
ce as much place as the caged pullet had.
About two-thirds of the pen floor was co
vered with wood shavings and a wire
platform took up one-third. Auto-trap
nests were used in the pens for recording
eggs. Temperature and ventilation were
auto- controlled.

The lighting programme used was 9
hours per day from 16 to 20 weeks of age.
This was increased by half an hour per
week until the lighting reached 16 hours
daily and was then kept stable for the
rest of the production period.

Water was supplied by nipple drin-
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Table I. Composition and calculated content of
the diets used in the production period (percent)

lngredients 16-20 weeks 20-88 weeks

Herring meal 2.50 3.07
Soybean meal (extr.) 3.00 2.50
Barley 19.13 11.90
Wheat 5.40 15.00
Oat 45.00 40.00
Wheat middlings 10.00 4.35
Fat 3.00 4.00
Grass meal 2.00 2.00
Meat and bone meal 4.00 4.00
Methionine ----- 0.03
Shell meal 2.17 8.29
Maize gluten 3.06 4.00
Calcium phosphate ----- 0.34
Salt 0.45 0.23
Std. micromin. 0.10 0.10
Mgoxide 0.04 0.04
Choline chloride 0.05 0.05
Vitamin concentrate 0.10 0.10

Calculated content:
Crude protein 15.41 15.40
OigCP 12.30 12.60
Fat 6.87 7.45
ME Kcal/kg 2700 2700
Lysin 0.66 0.67
Methionine + cystine 0.59 0.59
Lineleie acids 1.50 1.38
Ca 1.30 3.50
p 0.66 0.65
Na 0.25 0.17

kers. All the birds received the same
standard commercial mash diets given by
feed trough ad libitum, Composition and
calculated contents of the diets are pre
sented in Table 1.

The total egg production period in the
two housing systems was divided into se
veral part-periods, as shown in Fig. 1.
The early part-record covered the record
from the first egg to 42 weeks of age,
annual record from the first egg to 70
weeks of age, whole production record
from the first egg to 88 weeks of age, first
residual record (Rl) from 43 to 70 weeks
of age and second residual record (R2)
from 71 to 88 weeks of age.

The performances were evaluated
and included BW, SM, EN, PE, EW and
EM. The measurements of egg quality
traits included SG, AH and BS. In the
formulae and the tables presented later,
abbreviations are used with subscripts
denoting age in weeks or the residual
periods.

The hens were weighed in grams at
16, 28, 42, 54, 70 and 88 weeks of age
using an electronic balance. SM was re
corded individually as the age at first egg
in days. EN were obtained by trap-nes
ting hens in the floor pens and recording
eggs of the caged hens 4 days a week from
18 to 88 weeks of age. All data, however,
are presented on a calculated 7-day basis
record. Floor eggs were added to the
average in floor pens and the standard
deviation was adjusted using the method
described by Sørensen et al. (1980).

PE was calculated as follows:

PEw(%)~ ENw x!OU (W=42,70or80week.s)
(W x 7 - SM)

Per cent
produ.clwn

100

75

50 -r-r Early pari record-+ Ist residual record-:

25
, Znd residual :

Annua/ pcoducitøa record ----~ recora :

t,---- --- Whole oroducuon record
Reartn'l_
0 IB 26 J4 42 50 58 66 74 B2

Age (WK)
90

Fig. I. Division of the total production per i od into
part-per iods

The individual PE in the residual periods
were calculated using the following for
mulae:

PERi (%) = (EN70-EN42)/1(70-42)x7) x 100
PER2 (%) = (EN88-EN,/OJ/((88-70Jx7) x 100

EW was taken once a week and EM was
calculated by using the number of eggs
multiplied by the average EW over a 4-
week period.

The egg quality traits - SG, AH and
BS - were determined at 88 weeks of age.
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SG was determined by weighing eggs
both in air and in water and then calcu
lated using the following formula:

SG= EWinair
EW in air - EW in water

Al I was measured as the heighl of thick
albumen. The incidence of BS was deter
mined as the percentage of eggs with BS
of all eggs sampled.

Evaluated health conditions included
mortality, plumage condition and foot
problems. Mortality was expressed as the
percentage of birds which died in each
part-period. The plumage condition was
evaluated at 88 weeks of age using the
procedure described by Tausen ( 1984).
Birds were given a score from 1 to 4
points on five individual parts of the body
(neck, breast, wings, back and tail), whe
re 4 indicated very good plumage with no
or a few worn or otherwise deformed fea
thers and 1 very poor plumage or 50% or
more naked area. Foot problems such as
inflamrnat.ion, lesion or fissures were re
corded as a catalogue variable.

Harvey's "Mixed Mode] Least-squa
res and Maximum Likelihood Computer
Program" (H arvey 1987) was used to per
form a mixed mode! analysis of variance
for continuous variables. The differences
in incidence of BS, mortality and inciden
ce of foot problems between the two
groups were tested using a Chi-square
test. The following statistical mode! was
assumed for all continuous variables in
the data analysis:

Yijkl = µ + Si+ dij + Hk+ eijkl
Where Yi)kl is the performance of the llh
progeny m the klh production environ
ment of the jth dam mated with the ith
sire, µ is the common mean, Si is the ran
dom effect of the ith. sire, di) is the random
effect of the jth dam within the ith. sire,
Hk is the fixed effecl of the kth housing
system and eijkl is the residual error.

The following ANOVA table was used for
hypothesis testing.

Source
Siie

Sum ofsguares E<MS) -~
R(µ, s, HJ-1{(µ, 1-1) 020 + k202d:s + k3o25

Dam:sire
R(µ,s,d,H)-R(µ,s,11) o2• + k1o2d:s

Housing
B'Z 18'(adj. for sd effects) 02. + Q(H)

Residual y'y -Rtu.s.d. li) oi.

The hypothesis tests are exact for the
housing effect and effect of dam within
sire under the null hypothesis, but only
an approximate test can be made for sire
effect.

RESULTS AND DlSCUSSION

When the performance of birds housed in
different systems were cornpared, it was
found that the effects of sire and dam
within sire had a significant influence on
alrnost all the traits. Thus, the effect of
the different housing systems was tested
after adjusting for the effects of sire and
dam wit.hin sire. Table 8 gives the results
of the analysis ofvariance.

Body weight (BW)
BW at different ages in the different hou
sing systems is listed in 'I'able 2. From 16
lo 28 weeks of age, the BW increased in
both housing systems. However, the pul
lets in the floor pens grew somewhat fas
ter than the birds in the other group, par
t.ly, perhaps, to compensate for the slower
growth in the rearing period. After 28
weeks of age, the HW did not change
significanlly either in floor penned or in
caged birds.

It can be seen from Table 2 that the
caged hens were significanlly heavier
than the penned hens at 16 weeks of age
(p<0.01). Thereafter, the difference de
creased. The fact that the difference in
BW between these two groups of hens de
creased from 16 weeks lo 42 weeks of age
and remained around 60 g from 42 to 88
weeks of age indicaled that: (a) the rea
ring systems had mainly influenced the
earlier BW (b) the hens in the floor pens
grew faster than the caged hens in the pe-
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Tab le 2. BW at different ages

Cages Floor ~ens Difference

Trait X1 SD ,t2 SD ~1-,t2

BW1s, g 1583 129 1381 121 202 ••
BW2a, • 2055 190 1965 162 91
BW42, • 2100 201 2054 189 46
BW:-,,i, • 2116 233 2061 223 55
BW70, • 2099 224 2040 237 59
BWss, • 2137 254 2069 232 68

••p<0.01

riod from 16 to 42 weeks. The layer's BW
is important for two reasons. First, it is
closely related to EW, the heavier chic
kens generally producing I arger eggs. Se
condly, smaller birds have a lower main
tenance requirement and, therefore, bet
ter feed conversion ifall other factors are
equal (Arthur 1986). lf lighter birds were
able to lay the same amount of EM as the
heavier birds, the former would be prefer
red from an economic point of view. How
ever, the birds with a RW below a certain
threshold (e.g. about 1700 gat 500 days)
do not usually perform well (Arthur
I 986).

Sexual maturity (SM)
SM is afTected by many factors such as
lighting programme, nutr ition and BW.
On average the pullets housed in indivi
dual cages laid their first egg 10 days
earlier than those in floor pens, which
was highly significant (p<0.01). This re
sult is in agreement with some reported
results (e.g. Foster 198 I, Fairfull et al.
1983). The variation in SM was not very
great (Table 3) although a few pullets
starled to lay their first eggs at as late as
190 days of age. The difTerence in SM be
twcen the two groups is possibly due to
the fact that the birds reared in cages
grew faster in the rearing period and

Table 3. Comparison ofSM ofhens in the two housing systems <days)

lfousing system

Cages
Floor pens

x
143.2
153.2

SD

6.9
7.3

C.V%

4.81
4.77

Min.

123
129

Max.

193
198

reached the minimum BW for SM earlier
than the other group.

Egg number(EN)
Average EN calculated on a survivor ba
sis is given in Table 4. Owing to the ear
lier SM, the early part-per iod EN (EN42)
of the hens in cages was higher than tho
se in floor pens, although there were no

significant differences in EN between
these two groups al 70 and 88 weeks of
age. When the EN in the first (ENR1) and
second residual period (EN R2) were con
sidered, the penned hens displayed their
superiority to the caged hens, although
the differences were not big enough to
reach the significant level (p>0.05). The
variation in EN of survivors in the same
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Table 4. Comparison ofEN ofhens in the two housing systems

Cages Floor eens Dilference

Trait XL SD C.V.% X2 SD C.V.% x/x2
EN42 116.9 12.8 11.0 113.4 12.2 11.1 3.5
EN10 241.8 35.0 14.5 247.3 26.6 11.0 -5.5
ENss 299.5 51.7 17.3 313.9 36.0 12.7 -14.4
ENR1 124.9 26.6 21.3 133.9 18.6 14.2 -9.0
ENR2 57.7 21.9 38.0 66.7 16.0 24.6 -9.0

group was not large in the early part
period - C.V. was about 10%. In the resi
dual periods, however, a greater varia
tion in EN was found. In part.icular, the
coefficient of variation in EN R2 was al
most four times that in EN42 in the cages
(Table 4). It is worth noting that the lar
ger var iat.ion in EN was observed in the
cage system in most periods. As will be
mentioned later, mortality in floor pens
was considerably higher than that in ca
ges.

Percent egg productlon
1001·

'

60

•o

20

Q 1-L-..l.-L.-1- .1----1-----1-~-~~~~~-~~~_,_~~

16 20 2• 26 32 36 ,o .. •6 62 66 60 6• 66 12 16 60 6• ee 92
Age (weeks)

Fig. 2. Hen-day PE in 4-week periods

Percent egg production (PE)
PE in the two housing systems is de
monstraled in Fig. 2. The shape of the
production curves was almost the same
for both caged hens and penned hens. The
production peak appeared at about 23
weeks of age and lastcd up to 45 weeks of
age, then production steadily decreased
in both housing systems. The production
decreased to 70%, 60%, and 40% at 56, 68
and 88 weeks of age, respectively. In the
second residual period, the PE was 50%
or less.

The average PE of survivors for diffe
rent production periods is presented in
Table 5. Although average EN42 in cages
was higher than in pens, the correspon
ding PE42 was lower in cages than in
pens. It was found that the averages for
PE10, PE88, PER1 and PER2 in pens were
higher than those in cages, and that a
greater variation in PE occured in cages.
In fact, the PE at an early age is not de
pendent on SM and was found to be more
highly correlated genetically with the to
tal annua! EN or EM than was EN at an

Tab le 5. Comparison ofsurvivor PE ofhens in the two housing systems

Cages Fluor eens

Trait XL SD C.V.% X2 SD C.V.%

PE42, % 77.51 7.96 10.36 81.14 6.84 8.43
PE10, • 69.71 10.07 15.34 73.77 6.75 9.15
PEss, • 63.34 10.93 17.26 68.09 7.07 10.38
PER1, • 63.71 13.58 21.32 68.32 9.48 13.87
PER2, • 45.76 17.42 38.07 52.91 12.68 23.97
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early age (Bohren 1970, Flock 1977,
1980, Foster 1981, Mou 1991). It is not
surprising that several researchers sug
gested the use of early PE as a selection
criterion to improve annua! egg produc
tion instead of using early EN (Bohren
1970, Bohren et al. 1970, F'lock 1977,
Gowe & Fairfull 1984). In particular,
when SM is relatively early, selection on
the basis of early PE can avoid the sharp
decrease in SM. For this population, in
which SM was relatively early but pro
duction persistency was relatively poor,
the egg production can be best improved
by improving production persistency.

It can be seen from Fig. 2 and Table 5
that egg production greatly decreased in
the extended period (70 to 88 weeks) in
both housing systems. This was probably
related to one biological process, i.e.
moulting. Under natura! conditions,
moulting usually happens after one pro
duction cycle but the time for moulting
may vary from hird to hird and may last
fora long time. Some of the birds were ob
served to moult during the second resi
dual period. Artificial moulting can be
introduced to synchronize moulting in or
der to increase the production in the ex
tended period.

Egg weight (EW)
Eggs were weighed weekly and average
EW was computed for each 4-week pe
riod. Fig. 3 shows the changes in EW
with age. It can be seen that the average
EW increased consistently with age in
both cages and floor pens.

Egg welght (grams)
70

85

60

60

46

o CAGE - PEN

~~"u~~~«~~~~~~nn~~~~
Age (weeka)

Fig. 3. Changes in EW with age

In general, the penned hens laid
slightly heavier eggs in most of the ear
lier periods, white the caged hens did so
in the later periods, although the diffe
rence between the two groups was not
significant. It appears that cage housing
and floor-pen housing did not have a very
different effect on EW.

The average EW for the different pro
duction periods are given in Table 6. The
coefficient of variation ranged from 5.4 to
6.9% for the caged hens and from 4.0 to
4.8% for the penned hens. The average
EW was about 55, 63 and 65 g in the
early part record, RI and R2 records, res
pectively. The difference in EW between
the early part-record and the residual re
cord was meaningful because the EM of 5
eggs in the extended period (R2) was al
most equal to that of 6 eggs in the early
part-record. Extending the production pe
riod to 88 weeks of age would be worth
while if production persistency could be
improved.

Table 6. Comparison of ave rage EW of hens in the two housing systems

Cages Floor [!ens

Trait X1 SD C.V.% X2 SD C.V.%

EW42, g 54.7 3.0 5.5 55.5 2.6 4.7
EW70,» 59.4 3.2 5.4 59.4 2.8 4.7
EW8ij,» 60.5 3.4 5.6 60.5 2.9 4.8
EWR1,• 63.1 3.5 5.5 62.7 2.5 4.0
EW1tz, • 64.9 4.5 6.9 64.2 2.9 4.5
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Tab le 7. Comparison ofsurvivor EM in the two housing systems

Cages Floor (!ens Difference

Trait X1 SD X2 SD X1-X2

EM42, g 6508.0 715.2 6395.7 658.7 112.3
EM7u, • 14559.7 1828.8 14833.0 1478.1 -273.3
EM88, • 18358.6 3250.2 19102.1 2108.6 -743.5
EMR1, » 8024.3 1421.9 8423.5 1096.6 -399.2
EMH2, » 3825.9 1321.0 4291.6 1026.5 -465.7

Egg mass (EM)
Accurnulative EM in the early record
(EM42), annua! record (EM70), whole re
cord (EMs3), first residual record (EMR1)
and second residual record (EMR2) is pre
sented in Table 7, calculated on a survi
vor basis.

In the early part of the production pe
riod, the caged hens laid 112.3 g more
eggs than the penncd hens. In the first
and second residual periods, however, the
caged hens laid 399.2 and 465.7 g fewer
eggs, respectively, than the penned hens.
Although the differences between diffe-

Tab le 8. The combined least-squares analysis of variance for all continuous variables--
Mean sguares by source

Housing(H) Sire (s) Dam:sire (d:s) Error (e)
Trait (DF=1) (DF= 123) (DF=586) (DF= 1238)

BW42 0.01 0.13 •• 0.04 •• 0.03
BW70 0.05 0.16 •• 0.05 •• 0.04
BWss 0.05 0.16 •• 0.06 •• 0.05

SM 2455.5 •• 137.0 •• 47.1 •• 35.9

EN4i 831.8 •• 256.8 •• 139.7 •• 99.5
EN10 1427.5 1420.6 •• 902.8 •• 629.1
EN88 2473.6 2927.5 •• 1850.2•• 1400.9
ENHI 88.2 770.6 •• 506.8 •• 373.0
ENH2 358.6 632.9 •• 339.4 310.8

PE42 66.6 95.0 •• 54.3 •• 40.9
PE70 0.1 120.9 •• 72.5 •• 51.5
PE88 10.6 135.5 •• 81.3 •• 62.5
PER1 20.8 201.0 •• 132.2 •• 97.3
PER2 225.8 398.6 •• 213.8 310.8

l!:W42 12.5 22.6 •• 7.1 •• 5.9
F~W70 6.7 25.6 •• 7.0 •• 5.8
EWas 3.4 27.1 •• 7.7 •• 6.4
EWl{l 0.1 32.7 •• 9.5 •• 7.9
EWR2 5.6 40.3 •• 14.8 •• 12.6

EM42 1.71 • 0.83 •• 0_44•• 0.36
EM70 3.50 5.20 •• 3.24*• 2.37
EMss 6.33 11.19 •• 6.99•• 5.43
EMR1 0.32 2.94 •• 1.93 •• 1.42
EMR2 1.28 2.69 •• 1.47 1.34
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rent housing systems during the diffe
rent production periods seemed to be sub
stantial, none of the differences were sig
nificant (p > 0.05). This was probably due
to the greater influence from sire and
dam within sire effects (see Table 8). As
discussed previously, EM in the residual
periods was low even though EW was

high. The correlation of EM with EN or
PE has been found to be higher than EM
with EW (Renganathan et al. 1979, Jain
& Roberts 1980, Mou 1991). ltcan becon
cluded that EM was mainly influenced by
EN and can be increased by improving
the production persistency.

Table 9. Egg quality ofhens in the two housing systems

Cages Floor pens

Trait x\ SD

Specific gravity 1.0756 .0096
Albumen height, mm 5.0 1.0
Blood spots, % 3.0

X2 SD

1.0749 .0107
5.3 1.5
4.7

Egg quality
Tab le 9 gives the comparison of egg qua
lity for the two housing environments. As
expected, no significant differences were
found for the SG and AH. A somewhat
higher incidence of BS was observed in
the eggs from the penned hens compared
with those from the caged hens. This is
probably due to sampling error.

Health condition.
Mortality, plumage condition and inci
dence offoot problems were considered in
evaluating different housing environ
ments in the present study. The mortali
ty rate during the whole production pe
riod (18-88 weeks) was about 8% in the
cages and 20% in the floor pens (Table
I 0). Mortality rate in the late period was
higher than in the earlier periods in both

cages and floor pens. There was a higher
mortality rate in pens than in cages in all
periods, which is in agreement with
Koelkebeck & Cain (I 984b). General ly,
the changes in the disease outbreaks
among the floor hens are considered to be
higher than in the cage system (North
1981 ). As group size increases, the social
interaction (peck order) of hens in pens
may also act as a stress factor affecting
both behaviour and health. Cannibalism
is usually a problem for group-keeping.
These factors rnight be related to the
higher mortality in pens.

In general, the plumage condition on
back and tai) was good in both the caged
hens and penned hens and there was no
significant difference in plumage scores
in these two parts of the body between
the two groups. However, for the neck,

Tab le I 0. Mortality rate of hens in the two housing systems(%)

Period Cages Floor pens Difference

18-42 weeks 1.75 4.62 2.37 ••
43-70 . 3.24 6.93 3.69 ••
71-88 . 4.00 9.90 5.69··

Whole period 8.03 20.18 12.15 ••

•• p<0.01
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Table 11. Plumage condition ofhens in the two housing systems

Plumage score!'
Cages Floor pens Difference

Part of body X1 SD X:2 SD l1-X2

Neck 1.5 0.9 2.3 1.2 -0.8 •••
Breast 1.9 1.0 2.2 1.0 -0.3 •••
Wing 1.6 1.0 2.6 1.0 -1.0••·
Back 3.3 0.8 3.3 0.9 0
Tai! 3.2 1.0 3.1 1.1 0.1

Total score 11.4 3.3 13.5 3.9 2.1 •••

·••p<0.001
I) Max. score = 4, min. score = I and max. total score = 20.

breast, wings and total plumage scores,
the penned hens had higher scores, i.e.
their plumage condition was much belter
than that of the other group (see Table
11).

The hens in cages had relatively less
space to move around in and the plumage
was certainly damaged physically to so
me extent by the wire wall and floor.
F'eather pecking and cannibalism were
also observed between the birds in
neighbouring cages. Hens in the floor
pens did not suffer from such physical
damage because of having more space
and a hetter litter floor, hut feather pec
king and cannibalism probably still af
fected the plumage condition of penned
hens. Poor plumage was found mostly on
the neck, breast and wings in caged hens,
the parts of the body which were in con
tact with the wire walls and wire floor. It
can be deduced from this study that the
physical damage to the plumage of caged
hens is more serious than feather pec
king and cannibalism in penned hens un
der the experimental condition.

No direct relation between produc
tion traits and plumage condition was
found in this study. It is commonly be
lieved that birds with the worst plumage
condition will consume more feed to
maintain the normal body temperature,
thus a belter plumage condition is advan
tageous from an economical point ofview.

The incidence of foot problems in the
caged hens was 14.4%, while in the floor
pens the corresponding figure was 8.8%.
The higher incidence of foot problems for
the caged hens might be related to the li
mited space and the resulting restriction
of activities.

SUMMARY

Because of public concern of animal wel
fare, there is a trend for egg producers to
change the present intensive battery ca
ge system back to the less intensive floor
system. Selections must be carried out
under the same environment conditions
as those employed in commercial pro
duction. The performance in egg pro
duction of laying hens under two diffe
rent environments (cage vs. floor pen)
was compared by viewing a number of
traits and health conditions. A summary
of the lind ings of this study is as follows:

(1) The production performance on
the survivor basis of hens under two dif
ferent environments did not differ great
ly. The hens in cages had a slightly
higher early part-record than those in
floor pens owing to earlier SM. Whole
production and residual records of EN,
PE and EM for the two groups were not
signilicantly different, although the figu
res seemed to favour the floor pen system.
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EW showed a consistent increase with
age of hens in both groups. There was no
significant difference in EW for the hens
in the different housing systems. A vera
ge EW in the early part-record was about
9 g lighter than that in the second resi
dual period. Thcre appcared to be no pro
nounced difTerence in egg quality traits
between the two groups.

(2) The hens in cagcs had a lower
mortality rate but worse plumage than
those in floor pens. Floor pens do provide
a belter environment for hens as certain
natura! behaviour such as taking dust
baths, nesting and wing flapping are not
restricted as they certainly are in cages.

(3) Production decreased steadily af
ter the production peak in both housing
systems. There were considerable varia
tions in the residual records which may
be used in the selection for improving
production persistency. EW in the resi
dual periods was much heavier than that
in the early part-periods, It can be con
cluded that extending the production pe
riod to 88 weeks of age will have econo
mic advantages providing that the pro
duction persistency can be improved and
moulting can be synchronized and fi
nished within a short time.
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Effects of temperature and irradiance level on
plant quality at marketing stage and the subse
quent keeping quality of Christmas begonia
(Begonia x cheimantha Everett)
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Fjeld, T. 1990. Effects of temperature and irradiance leve! on plant quality at marketing
stage and the subsequent keeping quality of Christmas begonia (Begonia x cheimantha
Everett). Norwegian Journal of Agricultural Sciences 4: 2 I 7-223. ISSN 0801-5341.

The effects of temperature and irradiance leve! on the quality of Christmas begonia at mar
keting stage were studied in an experiment in which plants were grown at I 5, 18 or 2 I 0C. At
each temperature leve! the plants were exposed to natura! daylight conditions (NL) (varying
from 2.3 to 5.0 mol m·2day·1 PAR) or NL plus supplementary irradiation with either 40 or
80 µmol m-2 s·1 photosynthetic active radiation provided by means of fluorescent light for
18 h per day. The keeping quality was deterrnined by holding the plants for four weeks in a
room where the temperature was kepi at 20°C and where the plants received fluorescent light
of 13.5 µmol m·2 s·1 at plant leve! for 12 h perday. Relative airhumidity fluctuated between
47 and 68 % , except for a period of approximately 4 h after watering, when it rose to
80-90 % . Both plant quality at marketing stage and keeping quality improved when plants
were given supplementary irradiation of 80 µmol m·2 s·1. Increased irradiance leve! resulted
in an increase in number of flowers and flower buds both at the marketing stage and after the
interior holding phase. lncreased temperature caused an increase in the height of the flower
stem and an increase in the abscission of flower buds.

Key words: Begonia x cheimantha, Christmas begonia, irradiation, keeping quality, tem
perature.

Abbreviations: DT = day temperature, NL = natura! light conditions, NT=
night ternperature, PAR = photosynthetic active radiation,
RH = relative air humidity, SD= short day, VPD = water
vapour pressure deficit

Tone Fjeld, Agricultural Universiry ofNorway, Department ofHorticulture, P.O. Box 22,
N-1432 Aas-NLH, Norway.

Begonia x cheimantha Everett, commonly
known as Christmas begonia or Lorraine bego
nia, is a herbaceous SD plant. The photoperiod
ic requirement for flower initiation is modified
by temperature (Heide 1962, Runger 1968).

The Christmas begonia has for a long time been
of great commercial importance in the Scandi
navian countries, especially for Christmas flo
wering (Sandved 1969). It has now largely been
replaced by poinsettia and pot azalea. The rea-
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son for this is that Christmas begonia requires a
long growing period, and has a rather poor
keeping quality. Recently, a short growing pro
gram of 12-13 weeks from SD has been sugge
sted, which should make the production of
Christmas begonia more profitable (Valse
1987).
The quality problems in Christmas begonia

are primarily excessive elongation of the flower
stems, the formation of cup-shaped flowers,
and a high rate of flower and flower bud abs
cission (Sandved et al. 1975, Moe & Smith
Eriksen 1986, Fjeld 1986, Heide & Riinger
1985).

Sandved ( 1969, 1971) has shown that the
plant quality of Christmas begonia at marketing
stage is to a great extent determined by the
growing conditions. There is also reason to be
lieve that the keeping quality of pot plants in ge
neral is affected by the growing conditions
(Fjeld 1986), as is the case with cut flowers,
e.g. cut camations (Heide & Øydvin 1969) and
roses (Moe 1975).

The present experiment was carried out in or
der to investigate to what extent irradiation and
temperature during the last part of the growing
period affect the quality of Christmas begonia at
marketing stage, and to what extent the growing
conditions affect the subsequent keeping quality
when the plants are subjected to interior clirnat
ic conditions.

MATERIALS AND METHODS

Leaf-propagated young plants of Begonia x
cheimantha Everett cv Nova were planted in
I JO mm pots in fertilized peat at the end of July
or at the start of September and grown in a
greenhouse under NL and at a NT of 22°C (±
0.5°C) anda DT of 24°C (± I .0°C). The plants
were given 14 days of SD treatment by covering
the plants with a black plastic curtain for 14 h
per day. They were given a soft pinch one week
before SD treatment. From the end of the SD
treatment untill the experimental period started,
NT and DT were kept at l8°C (± 0.5°C). The
plants were watered as needed and fertilized

twice a week with a complete nutrient solution.
They were sprayed with pyrethrines against
aphids.

When the first flowers opened the plants we
re moved to three temperature controlled glass
house compartments. A 3 x 3 factorial experi
ment was carried out. The compartments were
kept at 15, 18 or 21°C (± 0.5°C). At each tempe
rature leve! three irradiance levels were esta
blished: NL, NL plus supplementary irradiation
corresponding to 40 (± 5) and 80 (± I 0) µmol
m-2 s •1 PAR supplied by cool white fluorescent
lamps (Philips TU33). Supplementary irradia
tion was given for 18 h per day. The irradiance
leve! was measured by means of a Lambda
Ll-1858 instrument with a quantum
(400-700nm) sensor.

The relative air humidity was kept between
40 and 60 % . Water vapour pressure deficits
were 0.78 kP at l5°C, I .12 kP at I 8°C, and 1.04
kP at 21 °C. For a period of 2-4 hours after wa
tering the RH rose to 80-90 % .

Each treatment comprised seven plants. The
experiment was replicated in time. The first re
plicate was given SD from 15 September. The
plants were moved to the temperature controll
ed glasshouse compartments on JO November,
and tested for keeping quality from 24 Novem
ber. The second replicate was given SD from 29
September. The plants were moved to the con
trolled glasshouse compartments on 7 January,
and tested for keeping quality from 27 January.
These plants were kept at a low temperature
(14.5°C) for two weeks during Christmas.

The average natura! radiation during the ex
perimental period corresponded to 5.01 and
2.34 mol m·2 day·1PAR for the first and the sec
ond replicate, respectively. The radiation leve!
inside the greenhouse was 67 % of outside ra
diation and corresponded to an irradiance leve!
of 52 and 24 µmol m·2 s·1PAR fora period of 18
h per day for the two replicates respectively.

When the plants had reached marketing stage
(I 0-15 open flowers per plant) they were rnov
ed to the interior holding room and were for the
following 4 weeks given the following condi
tions: An irradiance of 13.5 (± 1.5) µmol m-2 s-1
PAR (1000 lux) at plant leve! provided by warm
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white fluorescent lamps (Thom) for 12 h per
day, a temperature of 20°C (± 0.5°C) anda RH
varying from 47 to 68 % (VPD from 1.10 to
1.59 kP) during the night and most of the day,
except for a period of approximately 4 h after
watering, when RH reached a maximum levet
of 80 to 90 % . Air vetocity was measured by
means of a Wallac thermo anemometer (type
GGA 23S) as 0.1 m s·1 (± 0.04) at plant level.

At marketing stage and at the end of the inter
ior holding period, the heights of the plants
from soil levet to the top of the inflorescence
(flower stem height) and from soil levet to the
level of the upper leaves (leaf height) together
with plant diameter were measured. In addition,
numbers of flowers and flower buds were re
corded. During the interior holding period the
numbers of abscised flowers and flower buds
were recorded three times a week.

The numbers of flowers and flower buds after
four weeks in a simulated interior climate were
divided by the numbers of flowers and flower
buds at the marketing stage and multiplied by
100, to give the percentage increase in flowers
and flower buds.

The numbers of flowers and flower buds
abscised during the interior holding period were
divided by the number of flowers and flower
buds at the marketing stage and multiplied by
100, to give the persentage abscised flowers.

The results were subjected to an analysis of
variance and the least significant difference
(LSD) and the Duncans Multiple Range Test at
the 5 % levet were determined.

RESULTS

Plant quality at marketing stage - There was no
significant effect of irradiance levet on leaf
height at marketing stage. But when no sup
plementary irradiation was given (NL), flower
stem height was slightly less compared with
stem height at higher irradiance levels. Plants
which received supplementary irradiation had
more flowers at marketing stage than plants
grown at NL (Table I and 2).

Increased temperature caused an increase in
flower stem height during the growing period,
but influenced leaf height only to a small extent
(Table I and 2). Temperature thus primarily af
fected stem elongation above the upper leaves.
Numbers of flowers and flower buds increased
significantly with increasing temperature (Table
I and 2), but at 21 °C the decorative value of the
plants was reduced because of a large increase
in flower stem height.

Interactions between irradiation and tempera
ture were found for flower stem height and
number of buds (Tab le I). At a temperature of

Table I. The effects of irradiation and temperature during the final stage of the growing period on
the quality of Begonia x cheimantha at marketing stage and on interior keeping quality.

Observations lrradiance Temperature Interaction
levet (I) (T) (I x T)

I. Market quality
Leaf height ns ** ns
Flower stem height * *** *
No. of flowers ** *** ns
No. of buds ns *** **

2. Keeping quality
% abscised buds and flowers * *** ***
% increase in buds and flowers * *** ns
% flower stem elongation ns ** ns
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Table 2. Main effects of irradiation and temperature during the final stage of the growing period on
leaf height (in cm), flower stem height (in cm), number of flowers and number of flower buds per
plant of Begonia x cheimantha at marketing stage. NL = natura! light conditions. 40 and 80 indi
cate supplementary irradiation in µmol m·2 s·1 PAR. Data are averages of three temperature levels
and three irradiance levels, respectively. * Mean separation by Duncan's Multiple Range Test, 5 %
level.

Leaf Flower stem No. of No. of
height height flowers flower buds

lrradiance leve!
NL ................................... I I.Sa* 19.6b 36.6b 50.3a
NL + 40 ............................ 11.2a 21.2a 45. la 55.2a
NL + 80 ............................ 11.5a 21. la 48.4a 61.4a

Temperature
l5°C ................................. I l.0b 18.6c 32. le 37.2c
18°C ................................. 11.9a 20.6b 41.7b 59.0b
21°C ................................. l l .4ab 22.6a 56.3a 70. la

15°C the highest irradiance (NL+80 µmol m-2
s·1 ) resulted in flower stems I cm longer than
those obtained with NL only, while at 21 °C the
elongation was almost twice as great. At a tem
perature of I 5°C a high irradiance levet resulted
in an increase in number of flower buds of less
than l 0 % . At 21 °C the increase was almost
50 % (data not shown).

Keeping quality - The irradiance leve! had a
significant main effect on the persentage in
crease in flowers and flower buds, and on num
bers of flowers and flower buds after four
weeks in interior climate (Table 3). Both the
persentage increase in flowers and flower buds
and the numbers of flowers and flower buds
increased with increasing irradiance levels.

Table 3. Effects of irradiation and temperature during the final stage of the growing period on per
sentage increase in flowers and flower buds during a four week interior holding period, and on the
number of flowers and flower buds at the end of the interior holding period of Begonia x cheimant
ha. NL= natura! daylight conditions. 40 and 80 indicate supplementary irradiation in µmol m·2 s-1
PAR. Data are averages over three temperature levels and three irradiance levels, respectively. *
Mean separation by Duncari's Multiple Range Test, 5 % leve!.

% increase in No. of flowers and
flowers and buds flower buds

lrradiance leve)
NL .
NL + 40 .
NL + 80 .

Temperature
l5°C .
18°C .
21°c .

12\b*
l38ab
151a

235a
IO!b
75c

105b
l38ab
166a

163a
102b
95b
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The percentage increase in tlowers and flo
wer buds decreased drastically with increased
temperature and plants grown at I 5°C showed a
greater capacity to develop new flowers and flo
wer buds during the interior holding period (Ta
ble 3). Plants grown at I 5°C also had approxi
mately 70 % more flowers at the end of the in
terior holding period compared with plants
grown at 21°C (Table 3). The decorative value
was consequently best in plants grown at a low
temperature.

High irradiance level resulted in a higher per
centage of abscised flowers and flower buds
compared with NL (Table 4). Fully developed
flowers contributed with approximately two
thirds of the abscission that occurred (data not
shown). The increase in abscission rate caused

by higher irradiance levels, however, did not
affect the decorative value of the plants. Hence,
the decorative value of plants grown at the high
est irradiance level was superior to that of plants
grown at low irradiance level. This was due to
the greater numbers of tlowers and buds on
plants grown at high irradiance Jevel (see Table
3).

Plants grown at 21 °C abscised 20 % more flo
wers and flower buds than plants grown at l 5°C
(Table 4). lncreasing irradiance level increased
the effect of temperature on abscission rate. At
low temperature, increased irradiance level re
sulted in an increased abscission rate from 18. 9
to 22.8 % . At high temperature the increase in
abscission rate was three to four times greater
(Table 4).

Table 4. Effects of irradiation and temperature during the final stage of the growing period on per
sentage abscised flowers and flower buds of Begonia x cheimantha during 4 weeks in interior cli
mate. NL= natura] daylight conditions. 40 and 80 indicate supplementary irradiation in µmol m·2s·1

Temperature °C
Irradiance level 15 18 21 Mean

NL ••••••••••••••••••••••••••••• 18.9 34.4 32.2 28.5c
NL + 40 ............................... 22.0 27.2 45.7 31.7b
NL + 80 ............................... 22.8 32.9 46.5 34.la

Mean ................................... 21.2c 31.5b 41.5a

The percentage of flower stem elongation in
interior climate was higher for plants grown at
low temperature than for plants grown at high
temperature (Table 5). However, after four

weeks in an interior climate, I 5°C still resulted
in the most compact plants. The flower stem
height was 20.8 cm compared with 24.0 cm in
plants grown at 21 °C.

Table 5. Effects of temperature during the final stage of the growing period on flower stem height
and persentage tlower stem elongation ofBegonia x cheimantha after four weeks in simulated inter
ior climate. Data are averages over three irradiance levels. * Mean separation by Duncan's Multiple
Range Test, 5 % level.

Temperature

l5°C ··································
l8°C .
21°c .

Flower stem
height (cm)

20.8b*
23.5a
24.0a

% flower
stem elongation

12.3a
15.5a
6.2b
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DISCUSSION

Plant quality at marketing stage - Christmas
begonia is a flowering pot plant with relatively
low light requirements. Supplementary irradia
tion has not been used for the traditional Christ
mas crops. The light leve! in Norway is seldom
above 6500 lux on the average from October to
February. The daily radiation is less than 1.29
MJ m-2 day-1(400-700 nm) in a greenhouse
which transmits 60 % of the natura! radiation.

In the present experiment supplementary ir
radiation increased the number of flowers per
plant at marketing stage (Table 2). Other ex
periments have given similar results (Bævre
1985, Valse 1987). Although the light require
ment of Christmas begonia is low, supple
mentary irradiation enhanced the plant quality.
Temperature seems to have a significant in

fluence on the quality of Christmas begonia.
Sandved ( 1971) found that the quality of the cv
Storblomstret Astrid was reduced when the
temperature was above I 5°C during the final
stage of development under the low natura)
light conditions in November. Excessive elon
gation of the flower stem occurred when the
temperature was raised to l 8°C for three weeks
or to 21 °C for one week or more. Sandved
( 1969) regards an excessive elongation of the
flower stem above the leaves of more than 1.5
cm as a quality reduction in Christmas begonia.
In the present experiment this reduction in
quality was obtained when the temperature was
raised to 21°C (Table 2).
Temperature had a great influence on the

numbers of flowers and flower buds (Table 3).
Sandved ( 1968) has reported that flower
development was most rapid at high tempera
ture. However, the decorative value was reduc
ed as a result of excessive flower stem height
(Table 3). Sandved (1968) also reported that
forcing flower development by raising the tem
perature reduced plant quality.
The interaction which was found between ir

radiation and temperature with respect to ex
cessive flower stem height (Table l), indicates
that a short growing program based on sup
plementary irradiation and high temperature

(Valsø 1987) may result in poor plant quality. A
growing program which accelerates develop
ment and growth may result in excessive flower
stem height, as was the case in the present ex
periment. New cultivars, on the other hand,
seem to be more suited to short growing pro
grams because of a more compact growth (Fjeld
1988). Use of growth retardants may also be of
importance in a short growing program as stated
by Valsø (1988).
Keeping quality - Favourable light conditions
are beneficia! to the keeping quality of cama
tions (Heide & Øydvin 1969) and chrysanthe
mum (Kofranek et al. 1972). This may be due
to a high carbohydrate content in the shoot at
harvest. It has thus been shown that a treatment
of cut flowers in a solution with a high sugar
content stimulates flower bud opening and
keeping quality (Halevy 1976, Nichols 1975).
A pot plant such as Christmas begonia seems to
respond in a similar way to cut flowers with res
pect to the effect of the growing conditions on
the keeping quality. A high irradiance leve! dur
ing the growing period caused both an increased
number of flowers and flower buds at the end of
the interior holding period and a high persent
age increase in new flowers and flower buds
(Table 3). This is probably due to higher reserv
es of carbohydrates in the plant.
Only a few experiments seem to have been

carried out conceming the relationship between
the carbohydrate content of flowering pot plants
and their keeping quality. Heins & Hanan
( 1984) demonstrated that a low irradiance leveI
(50 foot candles) in the simulated interior cli
mate resulted in a reduction in fresh and dry
weight in cineraria, hydrangea, kalanchoe,
gloxinia and cyclamen. They found that the
fresh weight / dry weight ratio increased, indi
cating a steady depletion in carbohydrates in the
plants, followed by an early senescence of flo
wers. The present experiment with Christmas
begonia also indicates that a reduced rate of flo
wer development at low irradiance leve! may be
related to carbohydrate depletion and low car
bohydrate content during the interior holding
period.

It is widely accepted that ethylene plays a
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major rote in the abscission process (Abeles
1973, Reid I 985). The increased abscission in
Christmas begonia as a result of high growing
temperature might possibly be an effect of in
creased ethylene production, increased ethylene
sensitivity in the plant (Reid 1985), a low car
bohydrate leve! dueto increased respiration, ora
combination of these factors.
The results obtained in this study clearly

show that the growing period is of great import
ance for the keeping quality and decorative va
lue of Christmas begonia. As long as the plant
develops new buds and flowers, the decorative
value is maintained. Further investigations on
the keeping quality of flowering pot plants
should include the role of the carbohydrate sta
tus with the aim of revealing if the influence of
the growing period upon the keeping quality
might be mediated through the carbohydrate
content of the plant.
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Effects of light on flowering and
fruiting in the tomato
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Bævre, O.A. 1990. Effects of light on flowering and fruiting in the tomato. Norwegian
Journal of Agricultural Sciences 4: 225-232. ISSN 0801-5341.

The effects of reduced light conditions were investigated in a spring experiment with three
tomato cultivars. Reduced incoming light resulted in significant reductions in the number of
flowers, percentage of fruit-set and yield. The initial reduction in light had a greater effect
than the subsequent light reductions. The reduction in yield was primarily caused bya dec
rease in the number of fruits. The percentage of hollow fruits classified by extemal appear
ance was not affected by light reduction, but the volume of the hollows in each fruit increas
ed with light reduction. High correlation coefficients were found between fruit weight and
the seed content. Regarding this relationship, no significant difference between light levels
was found. The importance of seeds in the development of tomato fruit is discussed.

Key words: Fruit development, hollowness, light levet, seeds, tomato.

Olav Arne Bævre, Kvithamar Research Station, N-7500 Stjørdal, Norway.

The poor light in the early spring is a Iimiting
growth factor for the glasshouse production of
tomatoes in the north. Under such conditions,
growers have problems with fruit-set and hol
lowness in particular. On the other hand, in
summer the light conditions can be very good
on sunny days.

Verkerk (1955), Saito et al. (1963) and Taka
hashi et al. (1974) found a reduction in number
of flowers with light reduction. Lewis ( 1953)
and Rodriguez & Lambeth ( 1975) found that
high irradiation had a positive effect on flower
production.

Marr & Hillyer ( 1968) observed no effect on
the percentage of mishapen fruits as a result of
shading tomato plants in the glasshouse. Shad
ing after flowering was more critical in causing
the development of hollow loculi than shading

before flowering (Kanarne et al. 1968). Winsor
(1966), Winsor & Adams (1975) and Adams &
Winsor ( 1977) demonstrated a seasonal trend in
the proportion of boxy tomatoes. The percent
age of boxy fruits decreased from early spring
to summer.

Experiments conducted by Saito et al. ( 1963)
and Cooper et al. ( 1964) showed fewer fruits
and lower fruit weight when light was reduced.
In the commercial production of tomatoes, rna
ny reports confirm that poor light conditions
cause reduction in yield. An investigation was
carried out to obtain more knowledge about the
importance of low light conditions in tomato
production. The experiment focused on effects
relating to yield, fruit quality and the signific
ance of seeds in fruit development.
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MATERIALS AND METHODS

The cultivars Jet (Enkhuizen) 422/73 (Lindgren
frøhandel) and Exhibition (Asmer Seeds Limit
ed) were selected for this investigation because
of their responses as observed in a preliminary
experiment. The seeds were sown on 9 January
and the plants were raised in 20 000 mWm-2
(PAR) supplementary irradiance using fluore
scent lamps (Philips TL 33) for 16 h per day
until transplanting.

After planting on 23 February, the tomatoes
were grown in a glasshouse until August. Plant
density was three plants per square metre. The
soil, with a pH of 6.3, was fertilized with macro
and micro nutrients before planting. A nutrient
solution with macro elements (200 ppm N, 250
ppm K, 141 ppm Ca and 25 ppm Mg) was sup
plied through a drip irrigation system. During
the first two weeks after transplanting the night
temperature was at 20°C ± I 0C. Thereafter the
temperature was I 7°C ± l °C at night and 20°C ±
I °C during the day. Shading material of one and
two layers thin white cotton cloth was installed
between the glass and the plants so thai the
amount of natural light coming in was reduced
by 30 and 60 % , respectively. The light condi
tions under the shading material varied by ± 5 %
of the fixed light levels, depending on the day
light and the sun's meridian. It was found that
the cotton cloth delayed the temperature peak
somewhat in sunny weather, but had only a
small effect on the maximum temperature. The
experiment was designed with a plot size of six
plants replicated twice.

The normal global radiation (J per day) at the
experimental locality is 268 in February, 661 in
March, 1260 in April, 1695 in May, 1795 in
lune, 1574 in July and 1281 in August. During
the experimental period, the light conditions
were better than normal in February (8 .4 % ) ,
March (33.0 %) and in May (11.5 %), and
somewhat lower in April (10.6 %).

Completely red fruits from the first eight
trusses were harvested. Fruit-set was defined as
fruits ?: 30 gran, the lowest weight for saJeable
fruits. Fruits from two plants in each replicate
of the cultivars 'Jet' and 'Exhibition' were used

for a comprehensive examination of the fruit
quality. From the harvest of these two cultivars,
1855 ('Jet' 933 fruits, 'Exhibition' 922 fruits)
of the fruits had two, three or four locules and
weighed more than 4 g. These fruits were ex
amined for hollowness and seed content. For
'Jet' and 'Exhibition' respectively, 15 and 18 %
of the fruits had a fruit weight of less than 30 g.
A further examination of the fruits showed that
the apportionment of locules in fruits from the
cultivar 'Jet' was 62.0 % with two locules,
37 .2 % with three locules and 0.8 % with four
locules. The corresponding apportionment of
locules for the cultivar 'Exhibition' was 23.2,
65. 2 and I I. 6 % .

After harvesting, each fruit was classified ac
cording to the Norwegian Standard rules of to
mato classification ( I = highest quality, 2 = me
dium quality, 3 = poor quality, not for ordinary
sale) and by type of fruit (I = even fruits with
no rills or malformation, 2 = fruits with rough
ness, rills or boxy appearance) and weighed.
The fruits were then cut in half along the radian.
If the fruits showed hollow locules, the space
was filled in with liquid wax. After some minu
tes at room temperature, the surplus wax was
cut away and the wax in the hollow was remov
ed. Calculation of the volume of the hollow was
based on wax density (0.928 gcrns) and fruit
density estimated to I.

The pulp was placed in a petri dish, filled
with 2.5 % sulphur acid and lefl for two or three
days. Then the seeds were washed dean with
pure water in a strainer. After drying, the seeds
were cleaned of any remaining pulp, then clas
sified, counted and weighed. The seeds were
classified subjectively as 'normal seeds' and
'ernpty seeds '. For statistical significance, one
asterisk is used for P < 0.05 and two asterisks
for P < 0.01. The letters n.s. indicaten no sig
nificant effect.

RESULTS

Flowers
Reducing the natura) light conditions signi
ficantly decreased the number of developing



flowers (P < 0.05) from 10.0 and 9.8 flowers
per truss under natural light conditions and 30 %
light reduction, respectively, to 7.2 flowers per
truss at 60 % light reduction. The reduction in
number of flowers was most obvious for 'Jet'
and 'Exhibitiori', 31.1 and 36.9 % , respective
ly, when the natural light was reduced by 60 % .
'422/73' differed from the other cultivars, and
had the greatest number of flowers at 30 % light
reduction. No significant interaction was found
between the number of flowers per truss and the
truss number.

Fruit-set
The fruit-set under natural light conditions was
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low (59.4 %), and decreased significantly (P <
0.01) to 34.3 and 30.8 % when the natural light
was reduced by 30 and 60 % , respectively.
'422/73' differed significantly (P< 0.01) from
the other varieties when light effects on fruit-set
were concemed. For this cultivar the fruit-set
was reduced from 51.6 % under natural light
conditions to 37 .6 % at 60 % light reduction.

Yield
Reducing the natural daylight by shading result
ed in a significant (P < 0.0 I) reduction in yield
(Figure I). In addition to reducing the number
of flowers and the fruit-set as supposition for re
duction in yield, the reduced incoming light re-
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sulted in a significant (P < 0.01) lower fruit
weight for 'Jet' and '422/73'. The total yield
was positively correlated with the number of
tlowers (r = 0.50) and with the relative fruit-set
(r = 0.87). These effects were most obvious for
cultivars with few tlowers.

Fruit quality
Classification of the fruits at harvest, before

grouping them in the different categories ac
cording to weight and actual occurrence of hol
lowness, showed that a reduction in the natural
light condition had a significantly negative ef
feet in most cases (Tab le 1).

The results show that the light level was a
major factor intluencing tomato quality regard
less of hollowness.

Table 1. Classification of tomatoes grown under natural light conditions according to the Norwe
gian Standard (Class 1 = 1, Class 2 = 2, Class 3 = 3) and to fruit type (smooth fruits = I, rough
fruits = 2). Significant negative effects on the classification caused by reduced light conditions (30
and 60 % light reduction) are marked with asterisks

Standard classification Fruit type classification

Cultivar Fruit quality All fruits Fruits ::3: 30 g All fruits Fruits ::3: 30 g

'Jet' Fruits with no hollowness 1.15** 1.09* 1.21 * I. 18*
Hollow fruits 2.21* 2.12 ns 1.86* 1.84*

'Exhibition' Fruits with no hollowness 1.34** I. 13 ns 1.09* 1.30*
Hollow fruits 2.53** 2.49* 1.96* 1.94*

Hollowness
The subjective classification of the fruits as hol
low or not, showed no significant difference in
the occurence of hollowness in relation to light
leve!. Between varieties, there was a highly sig
nificant difference (P < 0.01) in the relative
number of hollow fruits. For the cultivar 'Jet',
44 % of the fruits were classified as hollow,
white the other cultivars had about 80 % hollow
fruits. Between the two cultivars 'Jet' and 'Ex
hibition ' there was a great difference in the oc
currence of hollowness in the fruits. The fruits
of the cultivar 'Jet' significantly (P < 0.01) in
creased in relative hollowness from 1.84 % un
der natura! light condition to 2.95 and 3.26 %
respectively at 30 and 60 % light reduction,
when all the harvested fruits were used. The
corresponding values for the cultivar 'Exhibi
tion' were 5.99, 5.52 and 7.28 % (P < 0.05) of
the fruit volume. The effects of light levels
were emphasized with the same leve! of signi
ficance when the calculation was delimited to

only hollow fruits. The relative hollowness for
the cultivar 'Jet' was now 4.45 and 4.55 % and
for the cultivar 'Exhibition' 7.77 and 8.16 % for
all hollow fruits or hollow fruits ~ 30 g, res
pectively. Fruits with a rough appearance were
significantly (P < 0.01) more hollow than
smooth fruits. The hollowness for the cultivar
'Jet' was 0.33 and 3.95 % for smooth and rough
fruits, respectively. The corresponding values
for the cultivar 'Exhibition' were 0.50 and
7. 20 % . The number of locules in the tomatoes
had no significant effect on the relative hollow
ness.

Seeds
Reducing light levels caused a significant dec
rease in seed weight (Table 2), the greatest ef
feet occurring at a 30 % reduction.

Classification of the fruits into different cate
gories according to hollowness and fruit weight
showed a significant reduction in seed weight
with reduced light conditions (Table 3).
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Table 2. Dry seed weight (mg per seed) for different categories of seeds from tomato plants grown
under different light conditions

Cultivar

'Jet'

'Exhibition'

Reduction of natural light(%)
---

Type of seeds Natural 30 60 Signifi-
light cance

Normal seeds 3.65 3.26 3.20 **
Empty seeds 0.54 0.32 0.28 **
All seeds 3.60 3.23 3. 15 **

Normal seeds 3.27 2.65 2.89 **
Empty seeds 0.57 0.38 0.34 **
All seeds 3.20 2.61 2.85 **

Table 3. Dry seed weight (mg per seed) for tomatoes grown in natura) light conditions.Significant
reducing effects of light reduction on seed weight are marked with asterisks

'Jet' 'Exhibition'

Fruit quality Normal seeds Empty seeds All seeds Normal seeds Ernpty seeds All seeds

All Fruits
fruits ~30 g

All Fruits All Fruits All Fruits All Fruits All Fruits
fruits ~ 30 g fruits ~ 30 g fruits ~ 30 g fruits ~ 30 g fruits ~ 30g

Fruits with no
hollowness
Hollow fruits

3.69* 3.84* 0.48* 0.52* 3.67* 3.81* 3.41* 4. 16** 0.37** 0.47** 3.37** 4. 10**
3.31* 3.64** 0.44* 0.53 ns 3.25* 3.57** 2.96** 3.40* 0.52* 0.64* 2.90** 3.32*
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The table shows that the average seed weight
was highest in non-hollow fruits and in fruits of
saleable size ~30 g.

Relationship between seed content and fruit
weight
The regression for different light Jevels showed
a highly significant seed-induced effect on the

fruit weight. Using number of seeds or weight
of seeds per fruit the calculation showed the
highest R2 when using the latter variable as the
basis for calculating the fruit weight (Figure 2
and 3). The effects of the two seed variables on
fruit weight did not vary significantly with light
levels.
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DISCUSSION

Poor light conditions affect yield and quality of
tomatoes in different ways. The low number of
tlowers per truss, and the fact that there was no
interaction between light leve! and the truss
number in this experiment, may be due to abor
tion at an early stage of tlower development.
This indicates thai there could have been an in
sufficient carbohydrate production (Calvert
1973), an effect which would increase with re
duced light conditions. Mapelli & Lombardi
( 1982) suggested that low cytokinin levels in
the tomato plants reduced tlower formation and
tlower number. The decrease in the number of
tlowers may be associated with the metabolism

of carbohydrates and hormones. The carbo
hydrate leve! (Verkerk 1955, Saito et al. 1963)
has been suggested as a factor controlling
fruit-set. The obvious relationship between
fruit-set and light conditions may be an indirect
effect of the carbohydrate metabolism and the
growth regulator metabolism.

In agreement with Cooper et al. (1964), the
reduction in yield caused by shading was pri
marily due to the light effect on the number of
fruits produced and secondarily to an effect on
fruit size. This was most pronounced for the
cultivar 'Exhibition', which displayed only a
decrease in the number of fruits, not in fruit
weight. This emphasizes the significance of
developing fruits with seeds in the source-sink



relationship. It is Iikely that the developing
fruits with seeds have a regulatory function in
the hormonal balance, too.

Effects of light on misshapen and hollow
fruits observed by Marr & Hillyer (I 968) and
Kretchman & Bauerle ( 1971) have been con
firmed in this experiment, too. Provided that
the objective occurrence of hollowness is in ac
cordance with the subjective classification, the
re is some possibility of combining the occurr
ence of hollowness and the volume of the hol
lows in a relationship with light conditions. It is
likely that poor light conditions increase the
hollows. The higher seed weight in normal
fruits compared with hollow fruits indicates an
effect of seed development in the occurrence of
hollowness.

As concluded in many reports (Dempsey &
Boynton 1965, Imanishi & Hiura 1977, Yarga
& Bruinsma 1976, Sawhney & Debbs 1978,
Rylski 1979), this experiment showed a clear
relationship between the seeds and fruit weight.
In this case a higher regression coefficient was
found when the calculation was based on seed
weight rather than on number of seeds. This ob
servation may indicate that seeds of different
weight, do not have identical effects on tomato
fruit growth. Such results do not discriminate
between the effect of seeds as a sink (Varga &
Bruinsma 1976) or seeds as a source for syn
thesizing auxin for fruit growth (Mapelli et al.
1978). It is likely that perished embryos like
seeds, have taken place in the fruit growth.
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Growing the tomato cultivar 'Jet' in peat with different leve! of boron, reduced mean fruit
weight and increased the proportion of fruits weighting between 5 and 30 g. lncreased boron
fertilization improved fruit shape and reduced hollowness, especially in fruits with a salea
ble weight. The effect of boron on seed development was most marked for small fruits. Dif
ferent leve Is of boron fertilization made no significant difference to the relationship between
seed weight per fruit and fruit weight.
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Fertilization and availability of boron is of great
interest when growing plants with a generative
product. Messing ( 1957) found that under con
ditions of severe boron deficiency tomato fruits
frequently failed to set and develop. Adams &
Winsor (1974) found an increase in yield of to
mato and an improved fruit shape when boron
fertilization was increased. Tomato plants with
severe boron deficiency were found to depress
the yield by 50 % (Adams 1978).

Brown ( 1979) found a connection between
boron deficiency and the generative phase of to
mato plants, particularly the role it plays in the
germination of pollen tubes. Inadequate supply
of boron caused a disturbance in pollen germi
nation and fruit formation was impaired. Gårtel
(1974), working with vine, has shown parthe
nocarpic fruit development in boron deficient
plants. Analysis of the stigma showed a boron
content of 50-60 ppm in the dry matter when

the plants were well supplied with boron, and 8
to 20 ppm in the stigma of boron deficient
plants with impaired fertilization.
Many investigations conceming boron fertili

zation are based on a wide study range from
deficiency to toxicity. This investigation was
undertaken in the course of a normal cultivation
programme with a narrow and rather adequate
range of boron fertilization, the effects beeing
studied on this basis.

MATERIAL AND METHODS

The cultivar 'Jet' (Enkhuizen) was grown in a
light sphagnum peat medium ('Floralux Stand
ard veksttorv') limed toa pH of 5.5 with a mix
ture of one part of dolomite to two parts of
limestone. Peat volume per plants was 20 I.
The peat was fertilized with a mixed fertilizer
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(0.02 % B as borax) and with Fritted Trace Ele
ments (FTE) no. 36, totalling 1.4 g boron. In
addition to the base fertilization, the peat was
supplied with 0, 0.8 and 3.2 g boron from borax
(Na2B407 . IOH20) per m3 peat. This fertiliza
tion gives three levels of boron in the peat, 1.4,
2.2 and 4.6 g perm', 1.0 g of boron in the peat
coming from FTE the rest from borax.
The nutrient solution supplied throughout the

cultivation period contained 200 ppm nitrogen,
250 ppm potassium, 25 ppm magnesium and
140 ppm calcium, supplied by means of drip
watering.

After sowing on 9 January, the plants were
raised in supplementary artificial light (20
000mWm·2 (PAR) for 16h per day using fluore
scent lamps, Philips TL 33) until transplanting
on 23 February. In the transplanting period a
temperature of l 7°C ± I °C was used in the dark
phase and 20°C ± I °C in the light phase. After
transplanting, the night temperature was at 20°C
± I °C for the first two weeks, thereafter the day
and night temperatures were at 20°C ± I °C and
l7°C ± l°C, respectively.
The experiment included two replicates with

six plants per plot. The plants were stopped
over eight trusses.

After harvesting the completely red fruits,
each fruit was classified according to the Nor
wegian Standard rules for tomato classification
(I = highest quality, 2 = medium quality, 3 =
poor quality, not for ordinary sale) and classi
fied by type of fruit ( I = smooth fruits without
rills or disorders, 2 = fruits with roughness, rills
or boxy appearance) and weighed. Then the
fruits were cut in half along the radian. lf they
showed hollow locules, the hollow was filled in
with liquid wax. After some minutes at room
temperature, the surplus wax was cut away and
the wax in the hollows was removed.

Calculation of the volume of the hollows was
based on the wax density (0. 928 gcmt) and
fruit density estimated to I (relative hollows).
The pulp was placed in a petri dish, filled with
2.5 % sulphur acid for two or three days. The
seeds were then washed clean with pure water
in a strainer. After drying, the seeds were clean
ed of any remaining pulp, then classified,

counted and weighed. The seeds were classified
subjectively as 'normal seed' or 'empty seed'.
All fruits from the first eight trosses greater

than 5 g were harvested. The )argest fruit
weight was 135.4 g. The fifth leaf from the top
of the plants was analysed for boron content
(MacLean et al. 1968), when the plants flower
ed on the fourth, sixth and eighth trosses.
This investigation was based on an exarnina

tion of 863 fruits. Of these fruits 737 had a
weight of at least 30 g. For statistical signific
ance, one asterisk is used for P < 0.05, two for
P < 0.01 and three for P < 0.001. The letters
n.s. indicate no significant effect.

RESULTS

Boron content in the leaves
The boron content of the leaves increased sig
nificantly (P < 0.001) with increased boron
fertilization. Mean values of boron in the leaves
were 32.7 ppm, 37.3 ppm and 41.1 ppm for
low, medium and high levels of boron fertiliza
tion, respectively. There was no significant dif
ference in boron content between sampling
times.

Fruit quality
There was a marked effect of boron fertiliza
tion on some fruit quality parameters when the
fruits were grouped in different categories (Ta
ble I).
The significant reduction in the mean weight

of fruit for all fruits with increased boron fertili
zation was an effect of a significantly (P <
0.001) increased number of fruits with increas
ed boron fertilization weighing between 5 g and
30 g. At the lowest leve! of boron fertilization,
2.6 % of the fruits had a weight of between 5 g
and 20 g. The corresponding figures for the me
dium and the highest boron fertilization levels
were 7.5 and 21.3 %, respectively. For fruits
between 20 and 30 g, the number increased
from 2.9 % at the lowest leve! to 4.6 and 6.3%
for the medium and highest boron fertilization
levels. The increased fruit quality characterized
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Table I. Effects of boron fertilization on tomato fruit weight, grading quality and hollowness

Fertilization in g of B per m' peat

1.4 2.2 4.6 Significance
---

Parameter of All Fruits All Fruits All Fruits All Fruits
quality fruits ~ 30 g fruits ~ 30 g fruits ~ 30 g fruits ~ 30 g

Mean fruit weight, g 64.6 67.1 61.9 68.2 54.5 69.0 *** n.s
Grading quality , 1-3 1.6 1.6 1.5 1.4 1.4 1.2 * ***
Fruit type, I or 2 1.5 1.5 1.4 1.4 1.4 1.2 * ***
Hollowness in per
cent of fruit volume 2.41 2.19 1.09 0.87 0.73 0.45 *** ***

by grading classification or by fruit type was
most evident for fruits ?: 30 g.
The number of locules did not vary signi

ficantly with boron fertilization, and on the
average was 2.4 for all fruits and fruits ?: 30 g.

Seeds
For saleable fruits, small but insignificant ef
fects of boron fertilization on seed development

were observed (Table 2). When small fruits we
re added to the saleable fruit categories, it was
found that increased boron fertilization had the
effect of markedly reducing seed number and
seed size. For both fruit sizes, different levels
of boron fertilization had no significant effect
on fruit weight per seed or fruit weight per mg
seed.

Table 2. Effect of boron fertilization on the number of seeds per fruit and the mean dry seed weight
in mg for different categories of seeds

Fertilization in g of B per m' peat

1.4 2.2 4.6 Significance

Categories of seeds All Fruits All Fruits All Fruits All Fruits
fruits ~ 30 g fruits ~ 30 g fruits ~ 30 g fruits ~ 30 g

Number of seeds
per fruit 76.4 80.6 65.8 74.6 55.8 76.6 *** n.s.
Number of normal
seeds per fruit 75.1 79.3 64.4 73.0 54.8 75.3 ** n.s.
Number of Hemply
seeds per fruit 1.3 1.4 1.3 1.5 1.0 1.3 n.s. n.s.
Mean weight of
all seeds, mg 3.44 3.51 3.30 3.54 2.89 3.63 *** n.s.
Mean weight of
normal seeds, mg 3.48 3.54 3.35 3.60 2.92 3.68 *** *
Mean weight of
empty seeds, mg 0.38 0.14 0.31 0.12 0.29 0.12 *** n.s.
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Effects of seeds on hollowness andfruit weight
A negative significant (P < 0.01) correlation
was found between the relative hollowness of
the fruit and the weight of the seeds. Calcula
tions based on all fruits harvested gave correla
tion coefficients ofr= -0.51, r = -0.37 and r =
-0.36 with low, medium and high boron fertili
zation, respectively. The coefficients of cor
relation varied in the same way for saleable
fruits, too. The slight difference in the coef
ficients of correlation between all fruits or ex
clusively large fruits was insignificant.
The coefficient of correlation between the

relative hollows and fruit weight was significant

(P < 0.01) and varied from r = -0.31 to r =
-0.39 regardless of fruit category. Different
levels of boron fertilization had no significant
intluence on the coefficients of correlation.
The significant (P <0.01) coefficient of cor

relation between seed weight and fruit weight
varied between r = 0.84 and r = 0.86 when all
fruits were used as material for the calculation
and correspondingly between r = 0. 78 and r =
0.82 when the calculation was based on fruits ~
30 g. Figure I shows the regression between se
ed and fruit weight for different boron fertiliza
tions.
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Figure 1 . The relationship between seed weight per fruit and the fruit weight induced by boron fer
tilization, 1.4 g B per m3 peat, . . , 2.2 g B per m3 peat, * *, 4.6 g B per m3 peat, 6 6

DlSCUSSION

Boron fertilization in accordance with the ex
perimental procedure, produced an adequate
boron content in the plants (MacLean et al.
1968, Smilde & Roorda van Eysinga 1968,
Adams & Winsor 1974, Alt & Rosen 1987),

and no symptoms of deficiency or toxicity were
registered.
The effects of boron fertilization on fruit

development in this investigation confirm the
results of Messing ( 1957) and Adams & Winsor
(1974), dispite a relatively narrow and adequate
range of leaf boron content.



The most obvious effect of boron in this in
vestigation was found in small fruits and in the
seeds of small fruits. The relative increase in
small fruits as a result of high boron levels, may
have been an effect of boron in the pollination
process (Messing 1957, Gårtel 1974). The dec
reased fruit weight and the increased precentage
of small fruits with increased boron fertilization
have also been found by Messing ( 1957) and
Francois (1984). It is possible that a high leve!
of boron contributed toa better pollination, the
re by reducing parthenocarpic fruit develop
ment to the benefit of small seeded fruits. There
may be other factors limiting to the further
growth of these fruits.

This investigation confirms Messing' s ( 1957)
and Adams & Winsor's (1974) description of
fruit shape and open locules (Maynard et al.
1959). It is very interesting to note that the bo
ron fertilization affected fruit quality in fruits of
a saleable size. In this category of fruit, it is li
kely that the effect of boron in the pollination
process may have been beneficia!. The lack of
fruitfulness or malformations may be connected
with seed quality. It may also be influenced by
metabolic substances such as growth regulators
and other organic compounds which are ne
cessary for normal fruit development. Boron
may play a part in this process.

Some attention must be focused on the up
ward transport and the translocation of boron in
plants, and the rate by which transpiration in
fluences the upward transport (Michael et al.
I 969). Translocation of boron to the xylem and
the possibility of accumulation in the leaf tips
and margins (Jones 1970) may provide adequ
ate boron content in the leaves, as found in this
experiment. At the same time, boron content
would have to be high in organs such as the an
thers, stigma and ovary (Sywortkin 1958, Oer
teli & Ricardson 1970).
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from Phosphate Fertilizers in two Different Soils
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The effects ofrates and sources of phosphate fertilizers on the uptake of cadmium (Cd) and
fluoride (F) by oats (A vena sativa L.) and rape (Brass ica napus L.) grown in loam and peat
soils were investigated in a greenhouse experiment. NPK fertilizers containing low (2.6 mg
kg •1) and high (40 mg kg· 1) Cd and single superphosphate (SSP) containing 15 mg Cd kg·1

at rates ranging from 30 to 180 mg P kg·1 soil were used as P fertilizers. While grain and
straw yields of both oats and rape were generally unaffected by P fertilization, the P con
centration in grain and straw tended to increase with increased rates of P fertilization.
At higher rates of high Cd NPK and SSP, the concentration of Cd in the gra in and straw of
oats and rape was generally increased, and more so in the peat soil than in the loam soil. In
the peat soil, Cd in the grain increased from 0.08 mg kg! in the control to 0.21 mg kg·1 at
the highest rate of SSP in the first year. The corresponding values in the loam soil were 0.29
to 0.34 mg kg·1. Cadmium concentration in straw showed a similar trend bul it was general
ly higher than in the grain and the differences were more marked in rape than in oats. The
results for the second year from the same pols treated in the previous year were similar to
those for the first year, except thai the Cd concentration generally decreased in the second
year. Application of SSP resulted in a higher uptake of Cd compared with the NPK fertili
zers.
P fertilizers had little effect on the F concentration in oats and rape; F concentration, how
ever, was much higher in oats in the first year than in the second year. It was also higher in
oats than in rape. With minor exceptions, F concentrations were generally low and were
within the normal range for most plants.
The Cd concentration in oats and rape was only slightly changed by P fertilization at the nor
mal leve! of P application and constituted no danger of contaminating food products. How
ever, use of high rates of acid producing P fertilizers such as SSP, especially in soils rich in
organic matter, may lead to an increased uptake of Cd. Fluoride uptake from P fertilizers
was very low and was little affected by the rates and sources of P fertilizers.

Key words: Cadmium, fluoride, oats, peat/bog soils, plant uptake, phosphate fertilizers, ra
pe.
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In recent years increased attention has been fo
cused on the uptake of non-essential chemical
elements by plants in order to safeguard against
their possible entry into the human food chain.
The possibility of introducing potentially toxic
elements into the food chain by the addition of
phosphatic fertilizers to the soil has been sug
gested by Bowen (1966) and Lisk (1972). In
particular Cd may be singled out as one of the
more dangerous contaminants because of the
possibility of its transfer from the soil to the hu
man food chain, and its association with various
diseases.

The commercial fertilizers together with
atmospheric deposition are major sources for
Cd input to cultivated soils (Andersson 1977;
Hanson and Tjell I 978). Andersson and Hahlin
( 1981) found significant positive correlations
between the Cd content of barley grain and ad
ded amounts of P and different fractions of soil
Cd. Dam Kofoed and Søndegård-Klausen
(1983), on the other hand, found no significant
increase in the Cd content of barley and wheat
grain at normal application of fertilizer, except
that Cd content increased at a higher rate. Simi
larly, Shroeder and Balasa ( 1963) showed thai
high application rates of triple superphosphate
containing 7 mg Cd kg-: resulted in a slight in
crease in Cd concentration in several vegetable
species. Mortvedt and Giordano ( 1977) report
ed greater Cd uptake by maize from commercial
diammonium phosphate (DAP) containing 30
and 50 mg Cd kg· 1 than from reagent grade
DAP ( I mg Cd kg-i).

Fluoride is seldom taken up in large quantit
ies by plants; its uptake is dependent on soil
type, soil reaction, amounts and types of
fertilizers applied, and plant species grown.
Hurd-Karrer ( 1950) and Maclntire et al. (1951)
have demonstrated that the addition of large
quantities of soluble F-containing materials to
unlimed acid soils will result in increased up
take by the plants and possible injury. For ex
ample, in one of the frame experiments with
different plant species grown in the soil at pH
5.0, the application of 50 mg F kg· 1 soil applied
through NaF and HF resulted in an injuriously
high F content in the plants (Hurd-Karrer

1950). Braen and Weinstein (1985) reported
that as F levels in the soils increased as a result
of contamination from air pollution, the F in the
foliage of both orchard grass and maple increas
ed, the concentrations, however, were within
those levels considered as background ones.

Cadmium and possibly also F may well be
transferred from the soil to the human food
chain and the use of P fertilizers containing the
se elements may be one of their avenues of en
try to it. Therefore, the uptake of Cd and F by
oats and rape grown in loam and peat soils as
affected by sources andrates of P fertilizers was
investigated.

MATERIALS AND METHODS

Greenhouse pot experiments using loam and
peat soils, collected from Ås, southeastem Nor
way, were conducted. Some of the chemical
properties of these soils are presented in Table
I. The NPK fertilizers containing low and high
Cd, single superphosphate (SSP), and the rea
gent grade Ca (H2PO4)i were used as P sources.
The chemical composition of the fertilizers used
is given in Table 2. The rates of P were 30, 60,
and 90 mg P kg-: soil for the NPK and the rea
gent grade Ca(H2PO4)i and 60, 120, and 180
mg P kg' soil for the SSP. The rates in SSP we
re raised in order to investigate whether increas
ed P could result in increased uptake of Cd and
F by plants. Two levels of Cd and F applied
through CdCl2 and NaF, respectively, were in
cluded in the experiment in order to study the
Cd and F uptake by plants from their mineral
salts. The treatment combinations along with
the sources and ra tes of P, Cd, and F are pre
sented in Tab le 3.

The loam and peat soils were limed at the ra
tes of7.5 and 15.0 g CaCO/pot, respectively in
order to bring the pH of the soils to above 5.5.
The rates of N and K applied were 219 and 163
mg kg- 1 soil through NPK in treatments 4 to 9
and through NH4NO3 and K2SO4 in treatments I
to 3 and 10 to 12. Treatments 4, 5, 7, and 8 re
ceived extra amounts of NH4NO3 and K2SO4 so
that the rates of N and K in all the treatments
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Table l. Some chemical characteristics of the soils used

pH Exch.cations
Soils (I :2.5 me/100 g mg/kg

water) CEC Ca+r Mg+' K+ Na+ H+ P-AI K-Al

Loam 5.2 16.8 4.50 0.45 0.32 0.07 11.5 100 120
Peat 3.6 37.8 6.48 4.56 0.32 0.48 26.0

Table 2. Concentrations of major nutrients and Cd and F in fertilizers used

Fertilizer % Cd
source N p K Ca Mg F mg/kg

Low Cd NPK fert ................. 15.8 6.5 12.0 3.4 1.2 1.6 2.6
High Cd « ••••••••••••••••• 15.9 6.7 11.8 3.4 0.8 1.5 40.0
S. Superphosphate ................ - 9.4 0.2 19.5 0.2 0.15 15.0

Table 3. Sources andrates of P, Cd and F applied

Treatment Fertilizer source Fertilizer rate
No. - mg/kg -

p Cd F p Cd F

Ca(H2PO4)i • H2O CdCl2 • 5/2 H2O NaF 30 0 0
2 » » » » 30 1.25 5
3 » » » » 30 12.5 50
4 Low Cd NPK 16-7-12 30 l .2xl0·3 7.3
5 » )) » 60 2.4x 10·3 14.6
6 » » » 90 3.6xl0-3 21.8
7 High Cd NPK 16-7-12 30 17 .9x 10-3 6.8
8 )) » » 60 35.8xl0·3 13.6
9 » » » 90 53.7xl0·3 20.4

JO Single superphosphate 60 9.6xl0-3 3.3
Il » » 120 I 9.2x 10-3 6.6
12 » » 180 28.8xl0-3 10.0

could be uniform. A mixture of micronutrients
containing 6.4, 8.1, 14.9, 0.28, and 0.27 mg
kg-: soil of Cu, Mn, F, B, and Mo, respective
ly, was applied to all pots. A basal dose of I 0
mg Mg kg' soil through MgSO4.7H2O was
applied to compensate for Mg and S in the res
pective treatments. Lime and all fertilizers were
thoroughly mixed with 5-L each of the loam

and the peat soils. The soil was then filled into
6-L plastic pots. A u-shaped perforated rubber
tube was installed in the pots for watering dur
ing the growing season.
The treatrnents were replicated three times.

Twenty seeds of oats (Avena sativa L.) and 30
seeds of rape (Brassica napus L.) were sown,
after germination these were thinned to 14 and 8
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plants, respectively. The moisture content in
the pots was maintained at near field capacity
by regular irrigation with deionized water.
Crops were harvested at maturity and thresh

ed to separate grain and straw. The dry weights
of grain and straw were recorded. Samples of
grain and straw were ground and stored for
chemical analysis.

Cation exchange capacity in the soil was de
termined by the method of Schollenberger and
Simon ( 1945) and P and K by the method of Eg
ner et al. (1960). Plant samples, grain and
straw, were dry ashed at 450°C and the ash dis
solved in 5 ml concentrated HCI and diluted to
100 ml by distilled water. Cadmium in the di
gested sample was determined by atomic ab
sorption spectrophotometry using a graphite
oven. Fluoride in the plant samples was deter
mined with a F selective electrode (Eyde 1982).
Phosphorus was determined calorimetrically as
a phosphovandomolybdate complex. All results
were reported on an oven dry basis (105°C).

RESULTS

Oats (first year)
There was no consistent response to applied P
in the loam soil, and neither grain nor straw
yields at the same level of applied P from differ
ent sources differed significantly (Table 4).
However, both grain and straw yields at 120
and 180 mg P kg·1 soil applied through SSP we
re significantly higher than those at 30 and 60
mg P kg-tsoil applied through NPK or Ca (H2PO
4)2. Application of Cd and F, through their salts
or their fertilizers, did not affect the yields ex
cept that the straw yield at the highest rate of Cd
and F (Treatment 3) tended to be lower than that
of the control. Some stunting and tip buming of
plants in pots with this treatment were observed
five weeks after germination and these anomal
ies may be responsible for slightly lower dry
matter yield.
The concentration of P in grain and straw was

generally not affected by increased rates of

Table 4. Yield and concentrations of P, Cd, and Fin oats grown in a loam soil as affected by rates
and sources of P fertilizer varying in Cd concentrations (first year)

Treatment Grain Straw
No. Yield p Cd F Yield p Cd F

g/pot % - mg/kg - g/pot % - mg/kg -

I* 45.4d+ 0.29 0.29 20.2 87.Scd 0.04 0.41 13.2
2 50. Jeb 0.28 3.13 17.2 91 .s- 0.02 3.67 13.6
3 46.8d 0.32 20.00 15.0 85 .o 0.03 47.10 10.8
4 48.2ed 0.30 0.40 15.0 ss.o- 0.03 0.80 9.6
5 48.Qcd 0.33 0.30 14.0 89 .6ced 0.04 0.43 6.4
6 52.9•b 0.30 0.30 13.8 95.Qcb 0.03 0.35 9.2
7 50.3eb 0.31 0.29 12.4 90.9ed 0.03 0.45 8.4
8 50. Jeb 0.30 0.29 8.0 9) .Sed 0.03 0.45 7.6
9 52.0•b 0.30 0.32 12.8 93.8eb 0.03 0.45 9.2

10 5 J .8ab 0.30 0.28 10.8 94.Seb 0.03 0.47 8.0
11 53.7• 0.35 0.33 7.6 98.6•b 0.03 0.44 8.8
12 54.8• 0.37 0.34 8.4 101 .0• 0.04 0.42 9.6

* Treatment details in Table 3.
+ Means with the same letter in the same column are not significantly different at P = 0.05.
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NPK but it tended to increase with increased P
rates through SSP. It was also higher in the SSP
treated pots than in those treated with other P
sources. Although, the Cd concentration in
grain and straw increased manyfold with increa
sed rates of CdCl2 application, it was generally
not affected by the Cd contained in NPK fertili
zers. As with P concentration, Cd in the grain
increased slowly but steadily with increased ra
tes of SSP. Quite unexpectedly, the Cd con
centration in straw at the lowest rate of low Cd
NPK was much higher than in all other treat
ments. As this treatment followed immediately
after the highest Cd application through CdCl2,
the possibility of contamination during the vari
ous operations of the experiment cannot be rul
ed out. Cd concentration in straw was generally
higher than in the grain.
The application of F through its sodium salt

or through NPK and SSP showed no consistent
effect on the F concentration in the grain and
straw of oats.

Oat yields in the peat soil at 60 to 120 mg P
kg· I levels were significantly higher than oat
yield at the 30 mg P kg-I leve) of Ca(H2PO4)2
(Table 5). In contrast to the Ioam soil, P con
centration in grain and straw generally increas
ed with increased P rates and more so in straw
than in grain. The concentration of P in the
straw at higher P rates of SSP (l 20 and 180 mg
P kg-I soil) was many times higher than that in
all other treatments. This may be the eause of
tip buming and necrosis on the upper half of oat
leaves, observed five to six weeks after germi
nation. The effect of CdCl2 application was si
milar to that observed in the loam soil but the
Cd concentration in grain and straw increased
consistently with increased rates of P applied
through the high Cd NPK and SSP. Unlike the
loam soil, the F concentration in straw increas
ed with increased rates of F applied either
through NaF or through the high Cd NPK and
SSP, but no such effect was observed in the
grain.

Table 5. Yield and concentrations of P, Cd, and Fin oats grown in a peat soil as affected by rates
and sources of P fertilizer varying in Cd concentrations (first year)

Grain Straw
Tratment Yield p Cd F Yield p Cd F

g/pot % - mg/kg - g/pot % - mg/kg -

I* so.o- 0.23 0.08 17.2 106.Qe 0.03 0.25 7.2
2 51.9de 0.23 3.93 17.6 107.Qe 0.03 10.40 10.4
3 48.9c 0.26 14.00 21.2 97.4r 0.03 56.10 44.4
4 53.0cd 0.17 0.16 14.0 109.Qed 0.02 0.54 10.8
5 59.5• 0.30 0.11 16.8 118.0•b 0.50 0.23 10.4
6 58.6•b 0.34 0.09 17.2 115.0•bcd 0.18 0.17 11.6
7 52.8cd 0.17 0.09 11.8 111.7bcde 0.02 0.23 9.6
8 58_4ab 0.27 0.13 13.2 119.3• 0.04 0.25 13.6
9 56.8•b 0.34 0.18 10.0 l] 3. 7•bcd 0.14 0.30 15.6
10 59.7• 0.32 0.14 13.6 118.3• 0.07 0.26 15.8
11 59.6a 0.38 0.18 12.6 116.?•oc 0.33 0.36 18.2
12 55.5bc 0.42 0.21 13.2 ] l l.0s= 0.63 0.40 21.0

* Treatment details in Table 3.
+ Means with the same letter in the same column are not significantly different. at P = 0.05.
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Oats (second year)
There was again little effect of the residual P at
various rates on the yield in the loam soil (Table
6). However, the concentrations of P and Cd,
especially in the grain, increased consistently

with increased rates of P. The trends in the con
centration of F were almost identical to those
observed in the first year, except that the con
centration was reduced manyfold in the second
year (Table 6).

Table 6. Yield and concentrations of P, Cd, and Fin oats grown in a loam soil as affected by rates
and sources of P fertilizer varying in Cd concentrations (second year)

Grain Straw
Treatment Yield p Cd F Yield p Cd F

g/pot % - mg/kg - g/pot % - mg/kg -

l* 32.9•+ 0.30 0.18 2.6 60.8• 0.05 0.35 0.5
2 34.5• 0.31 1.51 l.6 63.3• 0.05 2.96 0.5
3 33.6• 0.33 7.8 l.0 60.8• 0.05 12.80 4.4
4 35.5• 0.31 0.19 1.0 64.9• 0.04 0.68 2.8
5 33.2• 0.33 0.15 0.5 61.0• 0.04 0.32 0.5
6 35.0• 0.37 0.16 3.2 64.7• 0.07 0.31 0.5
7 33. I• 0.32 0. 16 0.5 61.6• 0.04 0.31 0.5
8 33.2• 0.35 0. 18 2.0 61.6• 0.06 0.37 0.5
9 34.3• 0.36 0.24 l.0 63.9• 0.06 0.12 l.0

10 33.3• 0.35 0.22 l.0 62. Ja 0.05 0.15 0.5
11 34.2• 0.37 0.26 l.2 63.2• 0.08 0.15 2.0
12 34.5• 0.39 0.28 0.5 63.6• 0.13 0.15 0.5

* Treatment details in Table 3.
+ Means with the same letter in the same column are not significantly different at P = 0.05.

The effects of rates and sources of P on the
yield and concentration of P, Cd, and Fin oats
grown in the peat soil were generally the same
as those observed in the first year in this soil.
However, the yield and concentrations of Cd
and F were lower in the second year, especially
the F concentration, which was reduced many
fold (Table 7).

Rape (first year)
As with oats, there was no consistent effect of
rates and sources of P on the yield and the P and
F concentrations in the loam soil. But the Cd
concentration, especially in the grain of the
high Cd NPK and SSP treatments and in the
straw of the SSP treatment, increased with in
creased rates of P application. The effect of
CdCl2 on Cd concentration was somewhat simi-

lar in both crops but the F concentration in rape
(Table 8) was many times lower than that in
oats (Table 4).
The yields decreased significantly when rape

was grown in the peat soil but the effects of P
rates were similar in the two soils. The yields at
the highest rates of Cd (Treatment 3) and in the
SSP-treated pots were significantly lower than
all other treatments (Table 9). Some leaf chlo
rosis, stunted growth, and poor flowering in
these treatments were observed during growth
and appeared to be responsible for yield reduc
tion. Like the loam soil, the P concentration ge
nerally increased with increased P application
but was little affected by P sources. Although
the Cd concentration in straw tended to increase
with increased rates of high Cd NPK and SSP,
the effect was not marked in the grain. With the
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Table 7. Yield and concentrations of P, Cd and F in oats grown in a peat soil as affected by rates
and sources of P fertilizer varying in Cd concentrations (second year)

Grain Straw
Treatment Yield p Cd F Yield p Cd F

g/pot % - mg/kg - g/pot % - mg/kg -

l* 26.4f+ 0.21 0.09 1.6 56. ld 0.04 0.16 0.5
2 26.ir 0.21 2.43 0.5 55.6d 0.05 9.70 0.5
3 27.3ef 0.22 9.80 0.5 54. ld 0.06 12.00 9.2
4 zs.s-« 0.21 0.14 0.5 60. lc 0.04 0.20 1.6
5 31,4ab 0.28 0.09 0.5 64. l• 0.06 0.17 0.5
6 32.3a 0.32 0.09 0.5 64.4• 0.12 0.16 0.5
7 28.2de 0.22 0.10 0.5 59.4c 0.04 0.25 0.5
8 32.2• 0.29 0.14 0.5 63.5a 0.08 0.31 0.5
9 32.8a 0.34 0.17 1.0 64.2a 0.16 0.38 0.5
10 29.5cd 0.27 0.08 0.5 60.8bc 0.06 0.19 0.5
Il 31. 7ab 0.33 0.10 2.6 62.5•b 0.13 0.21 2.8
12 30.3bc 0.40 0.12 2.4 60.8bc 0.46 0.28 3.2

* Treatment details in Tab le 3.
+ Means with the same letter in the same column are not significantly different at P = 0.05.

Table 8. Yield and concentrations of P, Cd, and Fin rape grown in a loam soil as affected by rates
and sources of P fertilizer varying in Cd concentrations (first year)

Grain Straw
Treatment Yield p Cd F Yield p Cd F

g/pot % - mg/kg - g/pot % - mg/kg -

I* 23.9c 0.66 0.20 1.2 80.3c 0.03 0.68 1.4
2 24.2< 0.69 1.70 0.5 80.3c 0.03 5.70 1.0
3 26. I abc 0.66 7.80 0.5 82. 91,c 0.04 38.00 1.2
4 25.4bc 0.64 0.20 0.5 81.9c 0.07 0.71 0.5
5 26.0•bc 0.72 0.20 0.5 88.7•b 0.11 0.58 0.5
6 25.4bc 0.80 0.17 0.5 86.6•bc 0.09 0.50 0.5
7 24.5c 0.73 0.18 0.5 81.8c 0.04 0.58 0.5
8 28.7a 0.81 0.20 0.5 91 .8• 0.05 0.59 0.5
9 28.0ab 0.71 0.28 0.5 92.2• 0.06 0.55 1.0

10 25. 7bc 0.73 0.21 0.5 84.0bc 0.04 0.57 0.5
li 26. I abc 0.80 0.24 0.5 86.6•bc 0.08 0.79 0.5
12 26. 7abc 0.78 0.28 0.5 86. 7,1,c 0.12 0.82 0.5

* Treatment details in Table 3.
+ Means with the same letter in the same column are not significantly different at P = 0.05.
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Table 9. Yield and concentrations of P, Cd and Fin rape grown in a peat soil as affected by rates
and sources of P fertilizer varying in Cd concentrations

First year Second year
Treatment Grain Straw Straw

Yield p Cd F Yield p Cd F Yield p Cd F
g/pot % - mg/kg - g/pot % - mg/kg - g/pot % - mg/kg -

l* 15.4•b+ 0.41 0.08 0.5 65.0• 0.02 0.17 0.5 24.0bcd 0.31 0.35 0.5
2 18.4• 0.40 3. 10 0.5 68.4• 0.02 15.00 0.5 26.2bcd 0.25 9.00 0.5
3 8.7c 0.53 58.00 0.5 43.3cd 0.11 98.00 31.0 33. l• 0.18 95.00 34.0
4 2.) de 0.64 0.58 0.0 48.5bc 0.08 1.70 0.5 zo.s-« 0.39 1.70 0.5
5 5.) cd 0.94 0.23 0.0 65.0• 0.18 0.35 0.5 19.Qde 0.39 0.68 4.0
6 8.4c 0.88 0.14 0.2 68.0• 0.23 0.23 l.6 28. 7•b 0.41 0.25 0.5
7 s.t« 0.50 0.20 0.0 54.0b 0.07 0.66 0.5 16.Qc 0.37 0.48 0.5
8 )2.6b 0.82 - ++ 0.5 64.5• 0.11 0.68 0.5 25.8bcd 0.40 0.53 4.0
9 )3.8b 0.82 0.06 0.5 67.7• 0.16 0.70 0.5 23. I bdd 0.48 0.67 7.0
lO I .s- 0.89 0.13 0.0 40.Qd 0.27 0.43 0.5 22.7bcdc 0.39 0.34 2.0
11 0.8< 0.94 0.13 0.0 48.9bc 0.36 0.5 I 0.5 19 .3cde 0.61 0.51 9.0
12 J.0c 0.90 0.17 0.0 50.0bc 0.39 0.68 3.2 2 J _4cdc 0.66 0.58 9.0

*Treatment details in Table 2.
+ Means with the same letter in the same column are not significantly different at P = 0.05.
+ + Sample was contaminated.

Table 10. Yield and concentrations of P, Cd and Fin rape grown in a loam soil as affected by rates
and sources of P fertilizer varying in cd concentrations (second year)

Grain Straw
Treatment Yield p Cd F Yield p Cd F

g/pot % - mg/kg - g/pot % - mg/kg -

I* 9 .2•b+ 0.76 0.13 ++ 37. 1 ab 0.09 0.35 0.5
2 8.9•b 0.78 1.10 1.2 40.5• 0.07 4.4 0.5
3 8.) ab 0.83 5.00 0.5 37. 9•b 0.10 22.6 1.0
4 9. Jab 0.82 0.26 0.5 38_4ab 0.09 0.46 0.5
5 9.2•b 0.83 0.16 0.5 37.4•b 0.09 0.41 0.5
6 6.7•b 0.82 0.14 0.5 3). 7•b 0.11 0.21 0.5
7 9.9• 0.83 0.17 0.5 38.8•b 0.08 0.20 0.5
8 5. I b 0.81 0.19 0.5 24.0b 0.13 0.23 0.5
9 10.0• 0.83 0.15 0.5 39 .6•b 0.10 0.29 0.5

10 s.s- 0.82 0.16 0.5 38.7ab 0.11 0.27 1.0
11 s.s- 0.83 0.21 0.5 38.5ab 0.14 0.71 1.0
12 6.2•b 0.85 0.21 0.5 28.3•b 0.21 0.74 2.0

*Treatment details in Table 3
+ Means with the same letter in the same column are not significantly different at P = 0.05.
+ + Sample was contaminated.



Cadmium andfluoride uptake by plants from P. Fertilizers 247

exception of the highest rate of NaF, there was
no effect of the applied F, either through NaF or
through P fertilizers on the F content of rape.

Rape (second year)
Although the yield in the loam soil decreased to
less than half of that obtained in the first year,
there was no response to previously applied P.
The trends in the concentrations of P, Cd, and F
were very much similar to those obtained in the
first year. Cadmium concentration was slightly
lower in the second year (Table 10).

In the peat soil, flowering and seed formation
was very poor due to a soil-borne disease and
there was almost no grain yield. Only the straw
yield and the concentrations of P, Cd, and Fare
presented in Table 9. The effect of rates and
sources of P on the concentrations was very
much the same as was observed in the first year
apart from the concentrations being higher in
the second year probably as a result of lower
yield and no translocation to the grain.

DISCUSSION

The results show that the Cd concentration in
the grain and straw of both oats and rape grown
either in loam or in peat soils tended to increase
with increasing rates of high Cd NPK and SSP
and the increase was more marked in the peat
soil than in the loam. For example, Cd in oat
grain in the peat soil increased from 0.08 to
0.21 mg kg· 1 when 180 mg P kg' soil was
applied. The corresponding values in the loam
soil were 0.29 to 0.34 mg kg-i. Similarly, there
was little change in the Cd concentration of
straw in the loam soil, but in the peat soil it in
creased from 0.25 to 0.40 mg kg'. Although
the increase was small in most cases, it was
consistent and suggests that the P fertilization,
especially at high rates, may lead to an increas
ed uptake of Cd by crops. The results corro
borate those from some earlier investigations
(Sorteberg 1974; Bærug and Martinsen 1977;
Andersson and Hahlin 1981; Mortvedt et al.
1981; Dam Kofoed and Søndergård-Klausen
1983) which showed that application of Cd in

fertilizers sometimes, but not aJways, increases
Cd in crops.
Cadmium concentration in the grain and

straw of oats and rape grown especially in the
loam soil was many times higher than that re
ported from field experiments by others in oats
(Bærug and Singh 1987), barley (Andersson
and Hahlin 1981), and wheat (Mortvedt et al.
1981). The loam soil was collected from a long
term fertilized field and hence Cd accumulated
in the soil may have contributed to higher con
centrations in the crops. It is also observed that
the plants grown in pots often contain higher
levels of nutrients than those grown in the open
fields. Although the trends in the Cd concentra
tion in both crops in the second year were simi
lar to those in the first year, the concentrations
generally decreased in the second year, as was
also found by Mortvedt et al. ( 1981).
Grain generally contained lower Cd than

straw in both crops but the differences were mo
re marked in rape. On average, the Cd content
of grain was 30 % that of straw. The corres
ponding value for oats was 67 % in the loam and
47 % in the peat soil. The results indicate that a
higher percentage of Cd taken by oats was
translocated to the grain while in rape it was re
tained in the vegetative parts.
Although the Cd applied through SSP was

about half of that applied through high Cd NPK
fertilizer, its concentration in both crops was
consistently higher in the SSP-treated pots. This
suggests that factors other than the applied Cd
have influenced the Cd uptake by plants. The
SSP applied contained 12.2 % S and is known
to have a slight acidifying action. It is well
documented that the solubility and availability
of Cd increases as pH decreases. The acidifying
effect of SSP may have caused the higher Cd
concentrations in both crops in this study. Simi
lar results were obtained by Poletschny and
Kick ( 1981) when they found that greater
amounts of Cd were taken up by plants when
fertilized with super- and hyperphosphate com
pared with Thomas phosphate.
The two crops investigated showed a similar

trend in Cd uptake except that rape contained
higher levels of Cd in the vegetative parts than
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oats. The differences in the Cd content of the
grain and straw of both crops caused by increas
ed P application through different P fertilizers
were more marked in the peat soil than in the
loam, probably attributable to more acidity
development caused by the decomposition of
organic matter in the former soil under green
house conditions.

The slight change in F content of oats and ra
pe caused by the application of P fertilizers sup
ports the observations by others that soil is not
an important source of F uptake for most plants
(Brewer 1966; Sidhu 1976; Eraen and Wein
stein 1985). With the exception in oats in the
first year and rape in the NaF-treated pots, F
concentrations were generally low and were
within the range considered to be normal (2 to
20 mg kg+) for most plant foliage growing in
non-polluted areas ( Brewer 1966). Lower con
centrations in oats in the second year may have
resulted from increased F fixation by the soils
over a longer period. As pointed out by
Hurd-Karrer ( 1950) since the amount of F taken
up from the soil by plants is usually unrelated to
the F content of the soil, it is difficult to assign
any specific reason to the variations in the F
content of oats and rape observed in this study.
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Cadmium levels in soils and crops after
long-term use of commercial fertilizers
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Bærug, R. & B.R. Singh 1990. Cadmium levels in soils and crops after long-term use of
commercial fertilizers. Norwegian Journal of Agricultural Sciences 4: 251-260. ISSN
0801-5341.

In order to determine whether the long-term use of commercial fertilizers has resulted in an
accumulation of Cd in soils and crops, samples of soils and plants were collected from new
ly cleared (new) and old cultivated (old) lands located in southeastem Norway, Rogaland/
Agder, and Trøndelag (referred to as N. Trøndelag in the subsequent text). These were ana
lysed for Cd and P. Corresponding samples of soils and plants were laken from the new and
old soils of 57 farms in southeastem Norway, 18 farms in Rogaland/Agder and 20 farms in
N. Trøndelag. The crop species in the old and new lands on each farm were the same, but
they differed among farms, regions and counties. The soil samples were also analysed for
pH and organic C.
The results show thai the total Cd was higher in the old soils than in the new soils in all the
regions. The differences between old and new soils were significant in two of the three regi
ons. Rogaland/Agder had the highest content of Cd in mineral soils, but the smallest differ
ence between old and new soils. N. Trøndelag, on the other hand, had the lowest Cd in mi
neral soils, but the (argest difference between old and new soils. In all the regions, consider
able variations in the Cd content of soils from both the old and the new fields were observ
ed. P-AL was generally much higher in the old than in the new soils. With same exceptions
the pH values were also higher in the old than in the new soils, bul there were only slight
differences in Rogaland/Agder.
The cadmium content of plants was generally lower in the old cultivated fields than in the
newly cultivated fields in all the regions, but the differences were found to be significant on
ly in southeastem Norway and N. Trøndelag. On average, the Cd content in plants was
highest in Rogaland/Agder and lowest in N. Trøndelag. Ryegrass from Rogaland/Agder
contained nearly ten times more Cd than timothy from N. Trøndelag. Some negative cor
relations between plant Cd and soil pH and negative correlations between soil Cd and plant
Cd were observed, bul the correlations were not consistent in all the soils and in all the regi
ons.
It can be concluded from these results thai although the long-term use of fertilizers increased
the Cd levels in the soil, it did not necessarily result in a higher uptake of Cd in the plants.
On the contrary, the results show thai Cd in the plants was as high, or even significantly
higher, in samples from the newly cultivated fields as compared with those from the fields
fertilized over many decades. Factors such as soil parameters and atmospheric input of Cd,
which may have influenced the results, are briefly discussed.

Key words: Cadmium, grain crops, grass, phosphate fertilizers, potato, regions.

Ragnar Bærug, Agricultural University ofNorway, Department ofSoil Sciences, P.O. Box
28, N-1432 Ås-NLH, Norway.
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The occurrence of Cd as a component of sedi
mentary and eruptive rock phosphates used for
the manufacture of commercial fertilizers has
been recognized for many years (Swaine 1962,
Simonsen 1975, Andersson 1977, Jung et al.
1979).
Cadmium accumulation in soils as a result of

fertilization has been reported in several investi
gations. Mulla et al. ( 1980) found that the con
centration of Cd in surface soils was highly cor
related with the concentration of total P. The
concentration of Cd in surface soil treated with
brodcast P for 36 years averaged I mg Cd kg'
as compared with to 0.07 mg kg-: in the control.
Dam Kofoed & Sendergård Klausen ( 1983)
found a yearly increase of 0.25 % in Cd in soils
fertilized over a period of 80 years. Andersson
(1984) reported an annua! increase in Cd in
Swedish soils of0.3-0.4 % based on an input of
1.9 g Cd ha' year-1 from fertilizers and other
sources, and a corresponding loss of 0.9 g Cd
ha-! year'.

Earlier investigations have shown that the use
of commercial fertilizers containing Cd often,
but not always, increased the Cd content in
crops. Sorteberg (1974), Mulla et al. (1980),
Andersson & Hahlin ( 1981) and Singh (1990)
found increased contents of Cd in the crops
after application of Cd to the soil in fertilizers or
pure salts. Kjellstrørn et al. ( 1975) and Vigerust
& Selmer-Olsen ( 1985) reported increased Cd
in some crops, but not in others. Bærug & Mar
tinsen (1977), Jung et al. (1979) and Smilde &
Van Luit ( 1983) all found only slight or no in
fluence of sludge or fertilizers on the Cd content
of crops.

Commercial fertilizers containing Cd have
been used in Norway for more than 100 years.
In the first 60 years the amounts were small, but
since 1950 the rates have increased rapidly until
a maximum was reached in 1980. Rock phos
phates used for manufacturing the commercial
fertilizers in Norway have mostly been Kola
apatite and other rock phosphates which are
very low in Cd (Kaarstad & Steen 1980). It is
possible, however, that other rock phosphates
with a higher content of Cd may be used in the

future when the present reserves of low Cd rock
phosphate are exhausted.

In order to test whether the long-term use of
commercial fertilizers has influenced the con
tent of Cd in soils and crops, investigations we
re carried out in southeastem Norway (Østfold,
Vestfold, Akershus, Hedmark and Oppland
counties) in 1983, and in central Norway (N.
Trøndelag county) and southwestem Norway
(Rogaland/Agder counties) in 1986.

MATERIALS AND METHODS

Soil and plant samples were collected from dif
ferent farms in the three regions. Locations of
the sampling sites are shown in Fig. I. The col
lection of soil and plant samples was carried out
in pairs from old cultivated (> 30 years) and
newly cultivated (< 4 years) fields located near
each other in order to avoid wide soil variation.
In Rogaland/Agder counties, the newly culti
vated soil was cleared in the year of sampling.
The levels of fertilization in the sampled fields
were those commonly used in the respective
districts.

Sampling in the counties of southeastem
Norway was carried out during the 1983 crop
ping season, and in those of southwestem and
central Norway in the 1986 cropping season.
The number of farms sampled, crops and main
soil groups are presented in Table I. All the si
tes were sampled from O to 20 cm depths. In
Rogaland/Agder, samples were also collected
from 30 cm depths.

Plant samples of oats and potatoes were col
lected at maturity, whereas those of grass and a
few additional samples of oats were sampled at
the heading growth stage. All plant samples ex
cept potato tubers were dried at 70°C and
ground before analysis. The soil samples were
dried at l00°C, crushed and passed through a
2 mm sieve. Cadmium in the soils was extract
ed by conc. HNO3 according to the method of
Øien & Gjerdingen (1977). Cadmium in the
extract was determined by atomic absorption
spectrophotometry using a graphite oven.
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Location of the sampling sites in
Rogaland / Agder, Trøndelag
and south eastern Norway
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Rogaland / Agder• • ••
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• •
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Table I. Number of farms, crops and soils sampled in different regions

Regions No. of farms Crops sampled No. of soils

Mineral Peat

Southeast. Norway .
Southwest Norway .
Central Norway .

57
18
20

Oats, grass') potatoes
Grass')
Grass3)

57
14
7

4
13

') Phleum pratense, Festuca pratensis, Dactylis glomerate (one sampling).
2) Lolium multiflorum (two samplings).
3) Ph/eum pratense (one sampling).

Table 2. Cadmium concentration (mg kg-i) in soils collected from old and newly cultivated fields

Old soil New soil
Region/ No. of
county Soil Range Mean SD Range Mean SD fields

Southeastern
Norway
Akershus ....... M 0.025-0.120 0.061 0.030 0.009-0.078 0.046 0.024 27
Hedmark ........ » 0.017-0.061 0.036 0.015 0.017-0.043 0.031 0.010 5
Oppland ........ » 0.023-0.110 0.058 0.022 0.023-0.067 0.046 0.017 8
Vestfold ........ » 0.034-0.089 0.050 0.018 0.030-0.130 0.052 0.028 11
Østfold .......... » 0.028-0.130 0.058 0.022 0.010-0.078 0.033 0.010 6
All ............... » 0.017-0.130 0.057a) 0.03 0.009-0.130 0.044b) 0.057 57

Rogaland/
Agder

M 0.020-0.180 0.072a) 0.041 0.030-0.080 0.052a) 0.041 14
p 0.180-0.210 0.190a) 0.025 0.200-0.250 0.225b) 0.025 4
All 0.020-0.210 0.098a) 0.030-0.250 0.092a) 18
M* 0.010-0.160 0.040a) 0.010-0.080 0.031 a) 14
P* 0.050-0.160 0.130a) 0.040-0.170 0.115a) 4
All* 0.010-0.160 0.060a) 0.010-0.170 0.050a) 18

N.
Trøndelag

M 0.0-0.100 0.044a) 0.00-0.070 0.013a) 7
p 0.080-0.380 0.205a) 0.030-0.210 0.092b) 13
All 0.00-0.380 0.148a) 0.00-0.210 0.064b) 20

M = Mineral
P = Peat
Means with the same letter in the same row are not significant at P = 0.05.
* = Samples from 30 cm soil depth.
SD = Standard deviation.



Available P in the soils was determined by the
ammonium lactate (AL) method (Egner et al.
1960), and organic C by combustion in an
EC-12 LECO-carbon analyser. The plant sam
ples were dry-ashed at 450°C, treated with conc.
HNO3, and thereafter dissolved in dilute HCI.
Cadmium in the digested solution was deter
mined by atomic absorption spectrophotometry
using a graphite oven: P was determined colori
metrically by the vanado-arnrnoniurn molybdate
method.

RESULTS

Cadmium in soils
The soils from the old fields were higher in Cd
than those from the newly cultivated fields. The
difference between old and new fields was sig-

255

nificant in southeastem Norway and in N. Trøn
delag, but not in Rogaland/Agder. In a few peat
soils in Rogaland/Agder, the Cd content was
found to be higher in the new fields than in old
fields (Table 2).
The mineral soils from N. Trøndelag contain

ed the lowest amounts of Cd and those from Ro
galand/Agder the highest. The variation in soil
Cd was large within all subgroups of old as well
as new fields.

The differences in soil Cd between the
counties in south-eastern Norway were general
ly small, except for a significantly lower con
tent of Cd in Hedmark. In Rogaland/Agder, the
highest content of Cd in the topsoil layer (0--20
cm) was found in the district of Flekkefjord and
the lowest in Jæren (Table 3). The content of
Cd in the soil was substantially lower at a depth
of 30 cm than in the topsoil (0--20 cm).

Table 3. Cd in soils in different districts of Rogaland/Agder

No. of
District New Old New Old farm

0 - 20 cm 30 cm

Flekkefjord ............ 0.153 0.135 0.057 0.082 6
Dalane .................. 0.073 0.112 0.063 0.075 6
Jæren ................... 0.045 0.042 0.026 0.023 6

Cd, mg kg!

Easily soluble P, pH and organic C in soils
The easily soluble P, as measured by the P-AL
method, was significantly higher in soils from
the old fields compared with those from the
newly cultivated fields. This shows that the
continuous use of phosphatic fertilizers and far
myard manure over many decades has substan
tially increased the P levels in the soils. The P
levels were generally higher in the soils from
Rogaland/Agder and N. Trøndelag than in those
from southeastem Norway (Table 4).
The pH of the soils was low in Rogaland/Ag

der and low to medium in the other regions. The
mineral soils in southeastem Norway and Roga
land/Agder and peat soils in N. Trøndelag from

the newly cultivated soils had significantly lo
wer pH than those from the old fields. The dif
ferences in pH were generally small (Table 5).
In southeastem Norway organic C was signi

ficantly higher in the newly cultivated fields
than in the old fields, whereas inconsistent dif
ferences were found in the other regions (Table
6).

Cadmium content in the plants
In both southeastem Norway and Rogaland/Ag
der, plants grown in newly cultivated fields
contained significantly more Cd than those
grown in old fields. The trend was the same for
all the crops tested, except potato haulm. In N.
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Table 4. P-AL (mg P 100 g·1) in soils from long-term (old) and newly cultivated (new) fields

Region/ Soil No. of Old New
county samples

Mean SD Mean SD

Southeastern Norway
Akershus ........................... Mineral 42 10.7 5.6 5.0 3.2
Hedmark ........................... » 5 8.1 0.7 3.9 1.9
Oppland ............................ » 8 6.6 2.1 3.2 2.3
Vestfold ............................ » li 7.6 4.4 3.8 I. 7
Østfold ............................. » 6 12.1 10.5 5.6 5.7
All .................................. )) 72 9.6a) 5.7 4.6b) 3.2
Rogaland/Agder

Mineral 14 15,8a) 13.2 5.6b) 7.6
» *14 8.9a) 7.4 3.0b) 6.0

Peat/Bog 4 9.5a) 7.3 12. la) 7.2
)) * 4 4.8a) 5.5 1.7a) 0.5

N. Trøndelag
Mineral 7 14.3a) 6.9 5.8b) 4.7
Peat/Bog 13 15.7a) 7.2 9.7b) 5.9

SD: Standard deviation.
Means with the same letter in the same row are not significantly different at P = 0.05.
* Samples collected from 30 cm soil depth.

Table 5. The pH (H2O) in soils from long-term and newly cultivated fields

District/ Soil No. of Old New
county samples

Mean SD Mean SD

Southeastern Norway
Akershus........................... Mineral 42 6.0 0.4 5.5 0.7
Hedmark ........................... » 5 6.0 0.4 5.3 0.3
Oppland ............................ » 8 5.7 0.4 5.3 0.5
Vestfold ............................ » 11 5.8 0.6 5.6 0.7
Østfold ............................. » 6 6.1 0.6 5.7 0.7
All .................................. » 72 5.9a) 5.5b)
Rogaland/Agder

Mineral 14 5.6a) 1.0 5.5 a) 0.8
» *14 5.6a) 1.0 5.2b) 0.8

Peat/Bog 4 4.5a) 0.4 4.8a) 0.4
» * 4 4.3a) 0.5 4. la) 0.6

N. Trøndelag
Mineral 7 6.0a) 0.3 6.3a) 0.7
Peat/Bog 13 5.8a) 0.5 5.4b) 0.6

Legends: See Table 4.
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Table 6. Organic carbon (%) in soils from long-term and newly cultivated fields

Region/ Soil No. of Old New
county samples

Mean SD Mean SD

Southeastern Norway
Akershus ........................... Mineral 42 2.6 0.6 4.7 2.9
Hedmark ........................... » 5 2.4 1.5 6.2 6.1
Oppland ............................ » 8 3.2 I. I 2.3 0.6
Vestfold ............................ » 11 2.7 0.6 5.2 3.1
Østfold ............................. » 6 4.5 3.8 6.3 4.8
All .................................. » 72 2.8a) 1.5 4.9b) 3.6
Rogaland/Agder

Mineral 14 8.9a) 10.1 5.5a) 2.4
» *14 7.6a) 12.6 4. la) 2.1

Peat/Bog 4 43.6a) 12.6 46.8a) 11.6
» * 4 36.8a) 22.6 48.9a) 15.6

N. Trøndelag
Mineral 7 4.7a) 3.2 5.2a) 5.3
Peat/Bog 13 31.9a) 14.6 35.5a) 14.2

Legends: See Table 4.

Table 7. Cadmium in plants (mg kg') of dry matter from long-term and newly cultivated fields

Region/
county

No of Crop
samples
for old
and new

soils Mean

Old

SD Mean

New

SD

Southeastern Norway
« 65 All .................................... 0.028a) 0.038b)
» 11 Grass ................................. 0.044 0.017 0.044 0.014
» 41 Grain ................................. 0.020 0.018 0.036 0.028
» 41 Straw ................................. 0.011 0.016 0.025 0.033
» 12 Oats, heading ....................... 0.032 0.035 0.055 0.031
» 11 Potato tubers ........................ 0.003 0.008 0.018
» 9 Potato haulm ........................ 0.137 0.141 0.119 0.121

Rogaland/
Agder 18 Ryegrass Ist cut .................... 0.064a) 0.097b)

» 2nd » ................ 0.045a) 0.072b)

N.Trøndelag 20 Timothy Ist cut ..................... 0.008«) 0.007a)

Legends: See Table 4.
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Trøndelag the differences between plants grown
in the old and newly cultivated fields were
small and non-significant. Potato haulm had the
highest content of Cd and potato tubers the lo
west. Grain contained more Cd than straw (Ta
ble 7). There was a marked difference in the Cd
content of ryegrass in Rogaland/Agder and that
of timothy in N. Trøndelag. The differences in
the Cd content among crops were largly attri
butable to species and field variations.

Effects of soil Cd, soil pH and easily soluble P
(P-AL) on the Cd contents ofplants
In two of the three regions soil pH was negati
vely correlated to Cd in the plants. However,
soil pH was less attributable to the variation in

Cd in the newly cultivated fields than in the old
fields. The relationship between soil pH and
plant Cd was generally hetter in the mineral
soils than in the peat soils (Table 8).
Cadmium in the plants in two of the three

regions was positively correlated to total Cd in
soils from the old fields, whereas the relation
ship was weaker in soils from the new fields.
The soil P (P-AL) showed no correlation with
the plant Cd in any of the regions.

DISCUSSION

An important question relating to the modem,
high yielding agriculture systems is how to mi
nimize the supply of Cd to the soil. At the same

Table 8. Regression equations relating plant Cd to soil Cd and soil pH in different regions

Field
type

Old

New

Old

New

Plant Cd - soil Cd

Southeastern Norway
y = 0. 18 + 0.26 X
(r = 0.08 ns)
y = 0.0064 + 0.132 X

(r' = 0.01 ns)

Rogaland/Agder
y = 0.028 + 1.29 X
(r' = 0.33*)
y = 0.066 + 0.29 X
(r' = 0.02 ns)

Plant Cd - soil pH

y = 0.18 - 0.028 X
(r' = 0.08 **)
y = 0.064 - 0.006 X

(r' = 0.0 I ns)

y = 6.34-17.38 X

(r' = 0.30*)
y = 5.85 - 5.22 X
(r' = 0.06 ns)

Old
(Min.)
Old
(Peat)

Rogaland/Agder + Trøndelag
y = 0.37 + 0.75 X y = 6.17- 11.89 X
(r' = 0.21 *) (r' = 0. 19*)
y = 0.202 + 0.05 X y = 5.84 - 14.79 X
(r' = 0.001 ns) (r' = 0.50**)

New
(Min.)
New
(Peat)

y = 0.0(8 + 0.35 X

(r' = 0. 36**)
y = 0.089 + 1.30 X
(r' = 0.54***)

y = 6.26 - 7.62 X

(r' = 0.19*)
y = 5.45 - 6.35 X
(r' = 0.20 ns)

***, **, * = Significant at
P = 0.001, 0.01, and 0.05 respectively.
ns = Not significant.



time it is also of interest to know what happens
to Cd already supplied to the soil through com
mercial fertilizers or manure.
The results of the investigations reported here

show that the application of fertilizers over rna
ny decades increased the Cd levels in the upper
layers of the soil. The differences between old
and newly cultivated soils were calculated to be
33, 15 and 75 g Cd ha' for southeastem Nor
way, Rogaland/Agder and N. Trøndelag, res
pectively. Evidently the average supply has
been greater than the average loss of Cd as a re
sults of leaching and removal in the crop. The
content of Cd in the old mineral soils from Ro
galand/Agder was nearly 25 and 60% higher
than in those from southeastem Norway and N.
Trøndelag, respectively.

During the period 1945-85, the Cd supply in
commercial fertilizers in Norway varied from
0.2 to l.5 g Cd ha· 1, except for two years with
higher levels (Kaarstad & Steen 1980). Accord
ing to Allen & Steinnes ( 1979) and Steinnes
(1980), the contamination of Cd from at
mospheric transport can be as high as 3 g Cd
ha -1 in southwest Norway, decreasing to
I /5-1 / l 0 of this leveI in the central and northem
parts of the country. The differences in the soil
and plant Cd between the counties could there
fore be attributed partly to the differences in at
mospheric input of Cd.
The Cd content of the soils before the phos

phatic fertilizers came into use is not known,
and so the changes over time cannot easily be
calculated. A comparison between the soil Cd
levels in the old and newly cleared fields could,
however, give an indication of changes over
time. Assuming an average addition of 1.0 g Cd
ha' y- 1, and crop removal plus leaching losses
of 0.2 g ha' y-1, the net addition of Cd works
out to be 0.8 g ha' y-1. In southeastem Norway
the difference between old and newly cultivated
fields was 33 g Cd ha- 1. This corresponds well
with an accumulation in old fields of 0.8 g Cd
ha' y- 1 over a period of about 40 years. The re
lationship was less clear in Rogaland/Agder and
N. Trøndelag.
While the results strongly indicate that Cd ac

cumulates in the soils after the long-term use of
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commercial fertilizers and manure, the Cd con
centration in almost all the plant species tested
in these investigations was higher in the plants
grown in the newly cultivated fields than in old
fields. A low soil pH is known to increase Cd
uptake (Sorteberg 1974, Andersson & Nilsson
1976, Williams & David 1976, Smilde and van
Luit 1983, Yigerust & Selmer-Olsen I 985). In
our investigations, lower pH in the new fields
than in the old fields was observed in south
eastem Norway. The same was true of the peat
soils in N. Trøndelag, but the differences in pH
between old and new fields were relatively
small in Rogaland/Agder. Although a general
negative correlation was found between Cd in
plants and soil pH, the differences in soil pH
could only partly explain the results for Cd in
the plants. Large variations in other soil pro
perties, for example organic matter, extractable
P or the clay content, may have contributed toa
poor relationship. lt is also known that the Cd
extracted by HN03 is not a reliable index of
plant available Cd in the soil.
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Spiders in Norwegian spring barley fields and the
effects of two insecticides
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Arild Andersen, 1990. Spiders in Norwegian spring barley fields and the effects of two in
secticidcs. Norwegian Journal of Agricultural Sciences 4: 261-271. ISSN 0801-5341.

During May-July I 988 a total of 3873 spiders were caught in pitfall traps in ten Norwegian
spring barley fields. Peak activity for most species occurred in June. Linyphiidae, subfamily
Erigoninae (73.2 % of the total catch), Linyphiidae, subfamily Linyphiinae (14.5 %) and
Lycosidae ( 11.6 % ) were the dominant groups. The linyphiid species Oedothorax apicatus
(Blackwall), Erigone atra (Blackwall), E. dentipalpis (Wider) and Meioneta rures/ris
(C.L. Koch) toget her with four Pardosa species comprised a mean of 87. 9 % of the catch in
each field. Fenvalerate sprayed at the beginning of June reduced spider activity for six
weeks. Pirimicarb had much less effect on the spiders, reducing the activity of only 0. api
catus.

Key words: Aphids, Araneae, fenvalerate, insecticides, pirimicarb, pitfall traps, Rhopalosi
phum padi, spiders, spring barley.

Arild Andersen, Norwegian Plant Protection Institute, Department ofEntomology and Ne
matology, P.O. Box 70, N-/432 Aas-NLH, Norway.

Spiders are polyphagous predators which prey
on several other arthropod groups. They feed on
important pest species like the cereal aphids Si
tobion avenae Fabr., Rhopalosiphum padi L.
and Metopolophium dirhodum Walker (Yick
erman & Sunderland 1975, Nyffeler & Benz
1982). Predation has been estimated as reaching
31 aphids eaten perm' in July (Sunderland et al.
1986). It is especially important that, unlike the
aphid-specific predators such as coccinellids,
spiders and other polyphagous predators are
present during the aphid pre-peak period, thus
eating and reducing them in their important
build-up phase. Cultural practices, for instance
pesticide treatments, often have a negative ef
feet on the spiders (Luczak 1979, Basedow
1985, Powell et al. 1985, Krause 1987).

Few investigations have been carried out on
spiders in cereals in Scandinavia. Raatikainen
& Huhta ( 1968) and Huhta & Raatikainen
(1974) reported on the species composition in
oats and winter cereals in Finland in sweep-net
samples, Roesgaard & Lindhardt ( 1979) studied
the effects of straw-buming on the spiders, and
Toft ( 1989) investigated the spider fauna in two
barley fields in Denmark. The other Scandina
vian investigations treat spiders as a group and
investigate their importance as aphid predators
(Chiverton 1982, Ekbom & Wiktelius 1985,
Chiverton 1986, Helenius 1990) and the effects
of using different insecticides (Nilsson 1980,
Ekbom 1985). The present investigation reports
on the species composition of spiders caught in
pitfall traps in ten Norwegian spring barley
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Table I . Descriptions of the ten fields

Field Location Barley Size Number Trapping % stems with aphids Insecticidenumber cultivar (ha) of traps period 15/6 117

Ås, Akershus Bamse 5.0 5 5/5-25/7 None
Bamse 7.0 7 5/5-25/7 8/6: Fenvalerate

See figure 7

2 Ski, Akershus Bamse 5.5 10 4/5-25/7 None
Bamse 5.5 10 4/5-25/7 7/6: Pirimicarb
Bamse 3.4 10 4/5-25/7 7/6: Fenvalerate

3 Ås, Akershus Ida 2.0 5 29/5- 8/8 100') 50 None
Bamse 3.2 5 13/5- 5/8 100') 94 None

4 Vinstra, Oppland Pemilla 1.7 5 16/5-18/7 ? ? None

5 Hokksund,
Buskerud Pemilla 3.8 5 10/5-11/7 100 10 15/6: Pirimicarb

6 Gvarv, Telemark Several 1.2 5 20/5-15/7 79 90 None

7 Øyestad,
Aust-Agder Bamse 2.2 5 13/5-11/7 90 44 3/6 & 23/6:

Dimethoate

8 Bygland,
Aust-Agder Bamse 1.0 5 30/5-20/7 9 26') 6/6: Fenvalerate

9 Melhus,
Sør-Trøndelag Gunilla 1.0 5 27/5-13/7 0 0 None

10 Mære,
Nord-Trøndelag Gunilla 1.6 5 18/5-15/7 0 0 None

') 22/6
2) 1417

fields and the effects of the insecticides pirimi- twice (fields 1-3) a week. In fields I and 2 the
carb and fenvalerate. traps were placed more than 25 m apart and not

less than 40 m from the field edge. In fields
3-10 the trapping was done for surveying only,

MATERIALS AND METHODS and traps were placed 10 m apart (40 m apart in
field 3) and not less than 20 m from the field ed-

Locations of the ten experimental fields are ge. A total of 3873 spiders belonging to 78
shown in Figure I . The trapping was carried out species in JO families were identified.
in May - July 1988. Data for each field are gi- Only a rough count of aphid populations was
ven in Table I. The pitfall traps (diameter 92 made as the main aim of this study was to in-
mm, depth 38 mm), containing water and some vestigate the effect of insecticides on the spi-
detergent, were emptied once (fields 4-10) or ders. The aphid infestations were measured on
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Figure 1. Locations of the ten fields in
southem and central Norway.

15 June and 1 July in fields 3 and 5-10; in fields
1-2 they were measured weekly from the end of
May to the end of July. On each date five tillers
were taken randomly from each of 20 stations
along a diagonal line in the field/plot. Each til
ler was recorded as being with or without
aphids. The aphids from fields 1-3 were all
identified as R. padi. In the other fields the
aphids were not identified to species, but the
majority belonged to R. padi since this was the
only cereal aphid which occurred in large num
bers in Norway that year. R. padi was present in
field 4 (personal observation), but was not
counted.
Field 1 was divided into two parts. Five hec

tares were lefl untreated and 7 .0 hectares were
treated with fenvalerate (50 g a.i./ha) on 8 June.
Field 2 was divided into three parts. Five anda
half (5.5) hectares were left untreated, 3.4 hec-
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tares were treated with fenvalerate (50 g
a.i./ha), and 5.5 hectares were treated with piri
micarb (100 g a.i./ha) on 7 June.
For statistical analysis of the pitfall-trap catc

hes the Kruskal-Wallis' test and the Wilcoxon
paired-comparison test were used. The Wil
coxon two-sample test was used on the aphid
counts.

RESULTS

The spider fauna
The total catches of the different species in
each field are given (as numbers per 100 trap
days) in Table 2, as well as the number of speci
mens, the number of species found per field and
the number of trap days. The Linyphiidae, sub
family Erigoninae, was the dominant group,
represented by 29 species and making up
73.2 % of the catch. The second and third domi
nant groups were Linyphiidae, subfamily Liny
phiinae (15 species, 14.5 % of the catch) and
Lycosidae (16 species, 11.6 % of the catch).
The percentage catch in each field for the eight
most dominant species in two or more fields ap
pears in Table 3. Erigone atra, E. dentipalpis
and Oedothorax apicatus were dominant in
most fields, and together with Meioneta rures
tris and four Pardosa species they made up
79.4-96.2 % (mean: 87.9 %) of all specimens
caught in each field. Figures 2-6 show the tem
poral distribution of these species from the un
treated fields in which they were dominant.
Most species had their activity peak in June and
low activity in May and July; M. rurestris was
the exception, with more uniform activity
throughout the trapping period. In most species
it was mainly males that were caught (Table 3);
females were predominant in O. apicatus catc
hes, however.

Effects of insecticides
In at )east six of the ten fields an outbreak ofR.
padi occurred in June-July (Table I). The tem
poral distribution of the percentage of tillers in
fested with aphids in fields I and 2 is shown in
Figure 7. The treatments with insecticides had a
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Table 2. Mean number of specimens per 100 trap days for spiders caught in spring barley fields in
1988. r < 0.1

Species/Field number I 2 3 4 5 6 7 8 9 10
-
Fam. Gnaphosidae

Drassodes pubescens(Thorell) .................. 0.3
Haplodrassus signifer (C.L. Koch) ............ 0.1
Micaria nivosa (L. Koch) ........................ 0.2 0.3
Zelotes lutetianus (C.L. Koch) .................. r

Fam. Clubionidae
Agroeca proxima (O.P.-Cambridge) ........... 0.1
Clubiona compta C.L. Koch .................... 0.4
C. pallidula (Clerck) ............................. 0.3
Phrurolithusfestivus (C.L. Koch) .............. 0.1

Fam. Thomisidae
Xysticus ulmi (Hahn) ............................. 0.2

Fam. Salticidae
Bianor aenescens (Simon) ....................... 0.1
Heliophanusjlavipes C.L. Koch ............... 0.1 0.1

Fam. Lycosidae
Alopecosa pulverulenta (Clerck) ............... 0.1 0.1 0.3
A. trabalis (Clerck) ............................... 1.0
Pardosa agrestis (Westring) ..................... 0.3 0.1
P. agricola (Thorell) ............................. 6.3 0.1 1.3 2.9 1.0
P. amentata (Clerck) ............................. 1.5 r 1.2 0.3 I. 1 12.2 6.8 3.1
P. fulvipes (Collett) ............................... 1.0 0.5 0.8 1.6 1.0 1.8 0.3 4.3
P. lugubris (Walckenaer) ........................ 0.2 0.1 0.2 1.9 0.4 1.4 0.8
P. paludicola (Clerck) ............................ 0.1 0.5 I. I
P. palustris (L.) ............................. , ..... 1.3 0.6 0.6 8.9 0.6 2.9 9.5 9.4 0.4
P. pullata (Clerck) ................................ 0.7 0.5 0.3 0.3
P. riparia (C.L. Koch) ........................... r 1.0 0.4 0.9
P. sphagnicola (Dahl) ............................ 0.1
P. sp................................................. 0.9
Pirata piraticus (Clerck) ......................... 0.3
Trochosa ruricola (Degeer) ..................... 0.6 0.7 0.2 0.3 0.4 1.0
T. spinipalpis (F.O.P.-Cambridge) ............ r
Xerolycosa nemoralis (Westring) ............... 0.3

Fam. Agelenidae
Hahnia pusilla C.L. Koch ....................... 0.1 0.1

Fam. Theridiidae
Robertus arundineti (O.P.-Cambridge) ........ 0.1
R. neglectus (O.P.-Cambridge) ................. 0.6
R. scoticus Jackson ............................... 0.1
Theridion sisyphium (Clerck) ................... 0.1

Fam. Tetragnathidae
Pachygnatha degeeri Sundevall ................ 0.3
P. listeri Sundevall ............................... r

Fam. Araneidae
Araniella cucurbitina (Clerck) .................. r

Fam. Linyphiidae, subfarm. Erigoninae
Araeoncus crassiceps (Westring) ............... 0.1
Asthenargus paganus (Simon) .................. 0.3
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Species/Field number I 2 3 4 5 6 7 8 9 10

Cnephalocotes obscurus (Blackwall) .......... 0.2
Dicymbium nigrum (Blackwall) ................ 0.8 0.1 0.2
D. tibiale (Blackwall) ............................ 0.1 r
Diplocephalus cristatus (Blackwall) ........... 1.0
D. latifrons (O.P.-Cambridge) .................. 0.1 0.1
Erigone arra (Blackwall) ........................ 11.2 6.0 31. 7 23.5 1.9 3.2 0.7 1.6 6.8 13.4
E. dentipalpis (Wider) ............................ 9.6 0.8 21.2 19.4 2.3 1.0 2.7 I. 7
Erigonella hiemalis (Blackwall) ................ 0.6 0.3 0.2
Micrargus apertus (O.P.-Cambridge) .........
Milleriana inerrans (O.P.-Cambridge) ........ 0.8
Moebelia penicillata (Westring) ................ 0.1
0edothorax apicatus (Blackwall) .............. 4.1 52.8 17.5 26.3 7.1 5.4 1.0 0.4
0. fuscus (Blackwall) ............................ r
0. retusus (Westring) ............................ 0.8 1.4 1.8 0.4
0. sp................................................ r
Pelecopsis para/leia (Wider) .................... 0.4
Pocadicnemis pumila (Blackwall) ..............
Savignyafrontata (Blackwall) .................. 1.3 0.3 I. I 0.4
Silometopus elegans (O.P.-Cambridge) ....... 0.1
S. reussi (Thorell) ................................. 0.1 0.2 1.2
Tapinocyba pallens (O.P.-Cambridge) ........ 0.1 r 0.1
Thyreosthenius biovatus (O.P.-Cambridge) .. 0.2
Tiso vagans (Blackwall) ......................... 0.1 0.1
Troxochrus nasutus Schenkel ................... 0.1
Walckenaeria antica (Wider) .................... r
W. cucullata (C.L. Koch) ........................ 0.4
W. vigilax (Blackwall) ........................... r 0.4

Fam. Linyphiidae, Subfam. Linyphiinae
Allomengea scopigera (Grube) ................. 0.1
Bathyphantes approximatus
(O.P.-Cambridge) ................................ r
B. gracilis (Blackwall) ........................... r 0.1
B. nigrinus (Westring) ........................... 0.1 0.3 0.3
B. parvulus (Westring) ........................... 0.4
Diplostyla concolor (Wider) ..................... 0.3 0.2 1.6
Leptorhoptrum robustum (Westring) ........... 0.3
Meioneta heata (O.P.-Cambridge) ............. 0.1
M. rurestris (C.L. Koch) ........................ I 3.0 11.6 9.6 0.3
Microlinyphia pusi/la (Sundevall) .............. 0.3 0.3 0.5 0.6
Microneta viaria (Blackwall) ................... 0.3
Neriene chlathrata (Sundevall) ................. r
Porrhomma lat ivela (Schenkel) ................. 0.4 0.3 0.5
P. pallidum Jackson ..............................
P. pygmaeum (Blackwall) ....................... r 0.1
P. sp ................................................. 0.3

Number of specimens ............................... 547 1935 776 266 63 45 88 58 39 56
Number of speeies ................................... 32 44 36 12 14 8 14 12 6 6
Number of trap days ................................. 972 2460 830 315 310 280 295 255 235 290
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Figure 2. Pitfall-trap catches of Erigone atra in
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knockdown-effect in field 2 (P<0.05), but
re-infestation occurred within 2 weeks. In field
l, there was no knockdown effect with fen
valerate. However, fenvaJerate had a long-term
reducing effect on the aphids in both fields.
The spiders trapped before and after insec

ticide treatments in fields I and 2 are presented
in Figures 8 and 9, respectively. With the ex
ception of 0. apicatus in the plot treated with
fenvaJerate in field 2, the catches of spiders in
all plots in fields l and 2 were not significantly
different before spraying (Tables 4 and 5). In
Tables 4 and 5 a few of the dominant species
are treated separately. The remaining species
were pooled as too small a number did not al-

Figure 7. Aphid infestation in fields I and 2. * =
significantly lower (P < 0.05) than untreated.
t = time of insecticide application. ■ ■ =
untreated 0- - -0 = fenvalerate !::,. I::,. =
pirimicarb.

low for separate statistical testing. The spraying
with fenvaJerate in field I reduced the two Eri
gone species for a period of five to six weeks
compared with the unsprayed plot (Figure 8). In
field 2, fenvalerate had a strong reducing effect
on M. rurestris. The effect on 0. apicatus,
however, is difficult to measure, as the species'
activity in this plot was low before spraying,
too (Figure 9). In both fields the use of fen
valerate reduced the catch of all the remaining
spider species (treated as a group), compared
with the untreated plots. The treatment with pi
rimicarb reduced only 0. apicatus (Table 5),
while the trapping of the other species seemed
to be less affected.
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Table 3. Percentage catch and total number of males and females in the dominant spee i es (>5 %) in
two or more fields

Species/Field num-
Mean Total catchber I 2 3 4 5 6 7 8 9 10

Males Females

I Erigone atra 19. 9 7.6 33.9 27.8 9.5 20.0 2.3 6.9 41.0 69.6 23.9 526 13
2 0edothorax
apicatus 7.3 67.1 18.7 31.2 34.9 33.3 3.4 - 2.6 8.9 19.9 424 591

3 Pardosa
palustris 2.4 0.7 0.6 10.5 3.2 17.8 31.8 41.4 2.6 - li.I 102 11

4 P. amentata 2.7 0.1 1.3 - 1.6 6.7 40.9 - 41.0 16.1 11.0 76 14
5 E. denti-
palpis 17.0 1.0 22.7 22.9 11. I - 3.4 12.1 - 8.9 9.9 307 13

6 Meioneta
rurestris 23.0 14.8 10.3 0.4 - - - - 4.9 225 22

7 P. fulvipes 1.8 0.6 0.9 I. 9 4.8 11.1 I. I 19.0 - - 4.1 41 I
8 P. agricola 11.2 0.1 - 1.5 14.3 - 3.4 - - 3.1 63 5
All eight
species 85.3 92.0 88.4 96.2 79.4 88.9 86.3 79.4 87.2 94.6 87.9

DISCUSSION

The spiderfauna
Pitfall traps catch spiders that are active on the
soil surface. The survey was carried out in only
one season, but nevertheless should be re
presentative of the dominant spider species ac
tive on the ground in Norwegian spring barley
growing areas. Linyphiidae (mainly Erigoni
nae) and Lycosidae were the dominant groups.
This is much in accordance with the results
from agricultural fields in other European
countries (Geiler 1963, Sunderland 1987, Nyf
feler & Benz 1988, Toft I 989). Among the li
nyphiidae a few species are dominant, mainly
E. atra, E. dentipalpis, 0. apicatus and M. ru
restris. Among the lycosids the Pardosa spee
ies are dominant. These species are common in
European agricultural fields (e.g. Sunderland
1987). Raatikainen & Huhta (1968) and Huhta
& Raatikainen (1974) found other species to be
dominant in oat fields in Finland, mainly by us
ing a sweepnet to catch spiders present in the
vegetation layer.

The fact that most spiders were highly active

in June (Figures 2-6 and 8-9) may be partly
explained by reproduction (Granstrom 1973,
Toft 1989) and high temperatures. Males were
caught in much higher numbers than females
(Table 3). The only exception was 0. apicatus,
in which the catch was dominated by females.
This was found by Thomhill (1983), too, for
0. apicatus in sugarbeet fields, leading him to
conclude that females of this species might be
actively engaged in hunting rather than relying
on webs.

The high spider activity in the first half of Ju
ne is promising, as this is the important buildup
phase for the aphid populations (Figure 7). This
was also noted by Sunderland et al. (1985), and
by Chiverton (1986), who showed a positive
correlation between the numbers of polyphag
ous predators (including spiders) and the peak
number of R. padi.

Effects of insecticides
The effects of insecticides on the spiders were
studied in fairly large plots. Large plots were
chosen in order to minimize the effects of spider
immigration after spraying. The pitfall-trap
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Figure 8. Pitfall trap catches of spiders in field I
before and after treatment with fenvalerate.
t = time of insecticide application.
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Figure 9. Pitfall-trap catches of spiders in field
2 before and after treatment with insecticides.
t = time of insecticide application. D = un
treated ■ = fenvalerate llil = pirimicarb.

catches, especially in field I (Figure 8), indi
cate that during the second half of lune and the
first half of July few spiders entered the treated
plots. At the end of July, the numbers of trap
ped specimens of many species rose again in
both insecticide treated and untreated plots,
probably because of new immigration.

By using fenvalerate at the beginning of June
the spider activity was strongly reduced for fi
ve-six weeks (Tables 4 and 5). This negative
effect of fenvalerate on specific spider species
has previously been indicated for spiders as a
group (Nilsson 1980, Ekbom 1985). Pirirni-

carb, on the other hand, seemed to have much
less effect on the spiders (except on 0. apica
tus). This fits in with the results of previous ex
periments (Nilsson I 980, Powell et al. I 985).
The high activity of most species in the plot
treated with pirimicarb shortly after spraying
(Figure 9) might be explained by some sub
lethal effect of the insecticide on the spiders
(Pullen 1988), or by slarving specimens active
ly searching for food, as was shown by Chiver
ton (1984) for the carabid Pterostichus mela
narius.

As spiders are beneficia! in the field as pre-
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Table 4. Spiders caught per five pitfall traps in field 1 before (5/5 - 8/6) and after (8/6 - 25/7)
spraying. * = P <0.05 ** = P <0.01.

Before spraying After spraying

Number of Sign. Number of Sign.specimens specimens

Erigone atra
Control .............................. JO - 50
Fenvalerate ......................... 27.9 NS 5.7 *

E. dentipalpis
Control .............................. 10 43
Fenvalerate ......................... 21.4 NS 6.4 **

Other spiders
Control .............................. JOi 99
Fenvalerate ......................... 75.7 NS 27.1 *

Table 5. Spiders caught in ten pitfall traps in field 2 before (4/5 - 7/6) and after (7/6 - 25/7) spray-
ing. ** = P <0.01 *** = P <0.001.

Before spraying After spraying

Number of Sign. Number of Sign.specimens specimens

Oedothora.x apicatus
Control .............................. 222 - 514
Pirimicarb .......................... 140 NS 299 ***
Fenvalerate ......................... 89 ** 34 ***

Meioneta rurestris
Control .............................. 38 - 83
Pirimicarb .......................... 29 NS 91 NS
Fenvalerate ......................... 30 NS 16 ***

Other spiders
Control .............................. 31 - 104
Pirimicarb .......................... 28 NS 131 NS
Fenvalerate ......................... 34 NS 23 ***

dators of pest insects, the present investigation
suggests that pirimicarb is preferable to fen
valerate if aphids are to be controlled chemical
ly.
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