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ANNALES AGRICULTURAE FENNIAE, VOL. 18: 203—212 (1979)

Seria AGROGEOLOGIA ET -CHIMICA N. 93 — Sarja MAA JA LANNOITUS n:o 93

THE EFFECT OF MAGNESIUM, POTASSIUM AND NITROGEN FERTILIZERS
ON THE UPTAKE OF NUTRIENTS BY SPRING CEREALS AND

CULTIVATED GRASSLAND

Rarnr JoxINEN

Joxinen, R. 1979. The effect of magnesium, potassiutn and nitrogen
fertilizers on the uptake of nutrients by spring ceteals and cultivated
grassland. Ann. Agric. Fenn. 18: 203—212. (Agrc. Res. Centre, Inst. Agtic.
Chem. and Phys. SF-31600 Jokioinen, Finland.)
The effect of magnesium fertilizer (57 kg/ha Mg) on the uptake of nutrients by
spting cereals and cultivated grasslands was investigated by means of field ex-
petiments for two levels of potassium chloride (60 and 240 kg/ha K) and two
levels of nitro-chalk (50 and 100 kgfha N). The fertilizers wete applied annually
at the start of the growing season over an experimental period of five years, Cereal
. was grown in the first two years of the experiments, grass in the third and fourth
yeats and cereal again in the fifth year. Six of the seven experiments were con-
ducted on soil with a magnesium content of less than 100 mg/l.

Without the use of magnesium fertilizers an annual average of 3,4 kg/ha of
magnesium was extracted from the soil by the grain. The grain took up 0,3 kg/ha
(0,5 %) annually of magnesium given in the form of fertilizer.

The hay and aftergrowth from cultivated grassland took up an average of
6,1 kg/ha of magnesium per year when magnesium fertilizer was not used. This
figure increased with 2,1 kg/ha per year when 57 kg/ha of magnesium was applied
in the form of fertilizer, The grassland crops took up 3,7 % of the magnesium
applied as fertilizer.

The apparent recovery of the magnesium applied annually during the five year
experimental period vatried from one site to another between 1,0 and 8,9 kgfha
(0,4—3 %). The average recovery in the crop rotation studied here was 4,6 kg/ha
(1,6 %). The residual effect of magnesium fertilizer was not studied.

Index words: Magnesium, calcium, potassium uptake.

INTRODUCTION

In terms of fodder quality, keeping the potas-
sium content of grassland crops low is more
important than replacing the amounts of potas-
sium taken up by the crops with fertilizer (TAH-
TINEN 1979). Grass species may take up more
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potassium and nitrogen than is given in the form
of fertilizer and this leads to depletion of the
soil’s nutrient reserves (SILLANPAA and RiNNE
1975, HAranp 1976, TAmTINEN 1979). The
amounts_of potassium lost along with the crops
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may not give the right idea of the need for potas-
sium fertilizer since plants have a tendency to
take up more potassium than they actually need.

Magnesium fertilizer raises the magnesium
content of the vegetative parts of plants and
hence improves the quality of the crop (HALAND
1971, Baeruc 1977, Joxinen 19772, 1979).
The over consumption of magnesium is, how-
ever, probably rare. The amounts of niagnesiurn
lost along with the crops may give some clue
to the minimum amount which must be applied
as fertilizer. Some studies report that plants
take up less than 10 %, of the magnesium given
as fertilizer (HAvranp 1971, JoxiNen 1977 a,
Jaaskkora and Voaer 1978). Leaching of mag-
nesium from the soil, the retention of magne-
sium in the soil and the antagonism between
magnesium and other nutrients all make it more

difficult for the plants to take up magnesium
and increase the need for fertilizer. The abun-
dance of magnesium in the soil, on the other
hand, reduces the need for fertilizer.

The aim of this study is to investigate the
effect of magnesium, potassium and nitrogen
fertilizers, applied annually, on the uptake of
nutrients into the grain of spring cereals and by
cultivated grassland crops. This study is also
examining the effect of potassium and nitrogen
fertilizers on the apparent recovery of mag-
nesium applied in the form of fertilizer. The
five-year study was carried out by means of field
tests on soils containing less than 100 mg/l of
magnesium. The use of magnesium fertilizer is
probably necessary on these soils for the inten-
sive cultivation of grassland.

MATERIAL AND METHODS

The effect of magnesium sulphate fertilizer

(Mg = 57 kg/ha Mg) on the uptake of nutrients
into the grain of spring cereals (barley and oats)
and by the hay and aftergrowth crops from
cultivated grasslands was studied by means of
field experiments using two levels of potassium
choliride fertilizer (K, = 60 or K, = 240 kg/ha
K) and two levels of nitro-chalk (N; = 50 or
N, = 100 kg/ha N). All the fertilizers were
applied once annually, at the start of the growing
season. The experiments were carried out on
sites where the acid ammonium acetate-extract-
able magnesium content of the plough layer
was less than 100 mg/l of soil. Cereals were
cultivated during the first two years of the five-
year experimental period, grass during years
three and four and cereal again in the fifth year.
The dominant species of grass was timothy.
Detailed information on the yields obtained in
the experiments, the changes in the nutrient
state of the soil (Joxinen 1978) and changes
in the crop nuttient contents (JoxINEN 1979)
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have been published earlier (summarized in
Table 1).

- 'The amounts of nutrients removed from the
soil along with the crop are calculated as the
product of the dry matter yield and its nutrient
content. The uptake of nutrients by cereals was
investigated for the grain yield only — the straw
was ploughed back into the soil without weigh-
ing. The uptake of nuttients by grassland
ctops is calculated separately for the crop har-
vested as dry hay and for the aftergrowth, and
as the total amounts of nutrients taken up by
each crop.

The results are tested using the same methods
as those employed in the previous parts of this
study. The least significant difference (LSD g5 o,)
between the potassium levels and the difference
between the nitrogen and magnesium treatments
for one level of potassium (CocuRrAN and Cox
1966) are presented separately in the tables.
Linear cotrelation analysis has been used to
test the cotrrelations between the parameters.



Table.1. The average dry matter yields (kg/ha) of cereals and gtasslands, as well as the nutrient contents (mg/g of dry
matter) of the yields obtained with experimental treatments. (Mg = 57 kg/ha Mg, N; = 50 and N, = 100 kg/ha N,
: K, = 60 and K, = 240 kg/ha K). L

K, Ka
N, N, Mg N, N,Mg- N, N; Mg’ N, N,Mg
Cereal . . o
Yield kgfha .......... 2940 2970 3050 3140 2900 2960 2940 2990
Mg mglg ..oovvnnnnn.. 1,11 1,15 1,10 1,17 1,12 1,16 1,10 1,15
Ca  » iiiiiiiiin.. 0,56 0,52 0,57 0,53 0,51 0,49 0,54 0,52
K P e 4,8 4,8 4,8 4,8 5,0 4,9 4,9 .47
Dty hay . :
Yield kg/ha ........... 5860 5820 6 600 6350 5620 5880 6330 6 630
Mg mglg «oovevnnnnnnn 0,76 1,08 0,90 1,17 0,73 0,99 0,80 1,06
Ca  » .oiiiiiiiee 2,96 2,61 3,30 2,89 2,80 2,48 3,18 2,74
K P i 24,6 25,3 27,2 25,6 27,9 27,6 31,3 30,2
Aftergrowth
Yield kgf/ha ........... 1240 1160 1980 1990 1010 1050 1830 1930
Mg mglg ...oonvvnnn. 1,13 1,64 0,96 1,35 0,95 1,42 0,96 1,07
Ca  » il 5,68 5,53 4,14 4,38 5,08 - 4,82 5,03 3,58
K P e 22,8 22,2 23,3 21,2 23,6 23,2 23,2 22,4
C . © ' RESULTS, ’

Magnesium uptake’

The amount of magnesium removed along
with the grain was cleatly dependent on the
yield (£ = 0,850%*). The magnesium content of
the grain was of little significance (r = 0,226%).

The amount of magnesium taken up by the
grass harvested as dry hay was proportional to
both the dry matter yield (r = 0,632%*) and the
magnesium content of the crop (r = 0,695*%*).
The uptake of magnesium by the aftergrowth
was mote clearly correlated with the dry matter
yield (r = 0,585%*) than with the magnesium
content of the crop (r = 0,377**). Of the prop-

erties of the soil, only an increase in magnesium
content produced a significant increase in the
uptake magnesium by both the hay crop (r =
0,513%*) and the aftergrowth (r = 0,315%%).

. Of the treatments used in this study, only
magnesium fertilizer significantly increased the
amount of magnesium taken up by the grain
of spring cereals (0,3 kg/ha/a 9 %, Table 2).
Thete was only a small difference between the
amount of magnesium taken up by batley and
that taken up by oats. The effect of magnesium
fertilizer on the uptake of magnesium by these
two cereals was as follows:

Table 2. The magnesium amounts (Mg kg/ha/a) taken up by the cereal and grass crops, a = mean, b = standard
deviation, ¢ = range. (Explanations of the symbols in the table 1.)

K, K, LSD;%,
N, N; Mg N, N, Mg N, Mg N, N, Mg N-, Mg-
levels treatments

Grain
a ... 3,4 3,6 3,5 3,9 3,4 3,6 3,4 3,7 0,11 0,24
b .... +1,2 -+1,2 +1,2 +1,3 +1,3 +1,2 41,2 +1,3
c oo 127601 1,564 | 1,5—62 | 1,065 | 1,3—6,7 | 1,5—6,2 | 1,559 | 1,8—6,3
Hay and aftetgrowth
a ... 5,6 7,8 7,5 9,6 4,8 6,9 6,5 8,6 0,71 0,72
b .... 42,5 +£2,9 +2,7 +3,3 +1,8 . +25 +2,6 +2,3
c .... | 33-123| 553—14,3] 4,0—13,1] 65138 3,998 | 4,2—13,2| 3,9—13,8 84—12,9
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Mg kg/ha/a

. Mg, Mg,
Barley (n =9)........... 3,3 3,6
Oats (n=13) .......... 3,6 3,8

The hay and aftergrowth crops were found to
have the following annual uptakes of magnesium

(kg/ha):-

Haycrop Aftergrowth Total

nesium fertilizer was statistically significant.
With the higher level of nitrogen fertilizer the
uptake of magnesium was 1,8 kg/ha/a (6,3—
8,1 kg/ha/a, 9 9,) higher than with the smaller
amount of nitrogen fertilizer. The crops took
up the following amounts of rnagnesipni for
the two nitrogen levels: .

13 PR 4,6 1,5 6,1
Mg, «innnnn.. 6,2 2,0 8,2 Mg kg/hafa
. A Mg, Mg,
The increase in the uptake of magnesium (2,1 kg/ 1 5.2 7,3
hafa, 24 9,) brought about by the use of mag- A 70 .91
Mg kg/ha Mg koiha
407 Trial 1. g “ 40 Trial 2. 35
B [ ] 33 = ]
3 — 32 = 3 3 32
30 L 30+ 2 ]
2% 25 - 25
20 4 204
iy Ky Ky Ky
10 - 10+
30 Trial 3. 50+ ;
. " ’E 2 Trial 4. 25
|
04 1 2 40 ] 3
35 34 B
10+ i K {5 L
| [
20 Kl Ky
89 Tals 2 - 10+
271 22 20 21
20' " ]5
Trial 6. .
18 K Ka A1 g 151 [JALERN
10 K1 K "
0y el 7 Mg 0101 01 01
z a N 1122 1122 !
A7 y| |m n[ |8
10 Ky Klg
Mg 0101 0 101
N T 1 22 112 2

Fig. 1. The amount of magnesium (Mg ka/ha) taken up by crops in five yeats (the number at the top of the ;:olumn)
at various test sites. (Mg, = 57 kg/ha Mg, N; = 50 and N, = 100 kg/ha N, K; = 60 and K, = 240 kg/ha K)
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‘The increase in the amount of potassium fertil-
izet from 60 to 240 kg reduced the uptake of
magnesium by grassland crops by an average
0,9 kg/ha/a (7,6—6,7 kg/haja, 12 %).

The Mghest uptake of magnesium by crops
wich rec_éived no magnesium fertilizer at any
time during the experimental period was in
experiment 1, in which the magnesium lost
along with the crops was 30 kg/ha (Fig. 1). The
soil magnesium reserves were depleted least by
the plants in experiments 6 (16 kg/ha) and 7
(17 kg/ha).

Magnesium fertilizer increased the uptake of
magnesium by the crops at all seven sites. The
greatest. increase in magnesium uptake was in
experiment 4, in which it amounted to 8,9 kg/ha
(32 %). In experiment 6 the increase in magne-
sium uptake amounted to only 1 kg/ha (6 9%,).
The main reason for this small increase in the
uptake of magnesium is the fact that a cereal
crop was grown in this experiment throughout
the entire experimental period.

Increasing the amount of nitrogen fertilizer
from 50 to 100 kg produced a significant increase
in the uptake of magnesium in experiments 1—5.
The largest increase in the uptake of magnesium
was seen in experiment 4 (7 kg/ha, 24 9,) and
the smallest in experiments 1 and 3 (4,5 kg/ha).

The .amounts of potassium fertilizer used in
this study did not significantly affect the uptake
of magnesium in any of the experiments. The
higher amount of potassium fertilizer reduced
the uptake of magnesium most in experiment 4
(5,4 kg/ha, 159%) and least in experiment 6
(0,6 kg/ha, 4 %).

The greatest amount of magnesium (30 kg/ha),
calculated as the average of all the experiments,
was lost from the soil during the five-year
experimental period when the plants were given
magnesium fertilizer in addition to the small
amount of potassium and the larger amount of
nitrogen (Fig. 2). The lowest uptake of magne-
sium (20 kg/ha) by the crops occurred when, in
addition to a large amount of potassium fertilizer,
a small.:amount of nitrogen and no magnesium

Mg kgih K K
Wy T 4
¥
26
BaN u
. }g_s Year
20- BN AR [ Ttn
N W
NN TQL% Zmn
=
104 -
— 72m]
—
| i T
Mg 0101 0101
N 1122 1122

Fig. 2. The amount of magnesium (Mg kg/ha) taken up

by crops and the total in five years (the number at the

top of the column). Explanations of the symbols in

figure 1. (1st and 2nd year: 7 spring cereals, 3rd and 4th

year: 6 grass and 1 spring ceteal, 5th year: 6 spring
cereals and 1 grass)

were applied. The average uptake of magnesium
without magnesium fertilizer was 22 kg/ha and
with the application of magnesium sulphate
27 kg/ha in five years. The results representing
the uptake of magnesium by second and third
year crops ate the averages of six grassland
ctops and one cereal crop. In the fifth year
cereals grew in six expetiments and grass in one
experiment, and the results are the averages of
these.

Of the magnesium applied annually as fertil-
izer (57 kg/ha) cereal crops took up an average

of 0,3 kg/ha (0,5 %) and grasslands an average

of 2,1 kg/ha (3,7 9%,). The total apparent recov-
ery of annually applied fertilizer magnesium
used in this study varied between 1,0 and 8,9
kg/ha (0,4—3 9,) on the various sites and had
a mean value of 4,6 kg/ha (1,6 9,, Table 3). The
greatest amount of magnesium applied as fer-
tilizer was taken up in experiment 4. The a-
mounts of potassium and nitrogen fertilizer had
different effects on the utilization of magnesium
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Table 3. The effect of the amounts of potassium and
nitrogen fertilizer during five years on the apparent
recovery (kg/ha, %) of the magnesium applied as ferti-
lizer (285 kgf/ha Mg) at different test sites. (Differences

Mg,—Mg,.)
K, K, Recovery

Trial no.

N, N, Ny N, |kg/hal %
A 2414449153512
2 61151]|86170]6,7]| 24
B e 51 (26| 1,6 (373311
4 e 8,3 110,3 | 6,2 |10,8 | 8,9 | 3,1
5 e, 3.8 149504734/ 1,2
6 e 0910707116 10104
T 58 74|43 (32|52 18
Mean
kgha «.ooeennnn.. 46 | 51| 45|46
O e 161181 16|16

applied as fertilizer, although the average differ-
ences were 1ot great.

The crops utilized the magnesium applied as
fertilizer only to a small extent in spite of the
fact that the experiments in this study were
carried out on soil whose plough layer contains
less than 100 mg/l of magnesium (acid ammo-
nium acetate-extractable). The plough layer was
assumend to contain 2 million litres of soil per
hectare. During the five years the crops took
0,5—4,5 mg of magnesium from one litre of
soil (Table 4). The acid ammonium acetate-
extractable magnesium content of the soil in
the plough layer of various sites was 17—64 mg|l
higher at the end of the experimental period
than at the beginning on plots treated with mag-
nesium fertilizer. It was possible to analyse a
maximum of 45 9, of the magnesium given as
fertilizer (143 mg/l) in the crops and in the
plough layer of soil. More than half of the fer-
tilizer magnesium remained in the soil in a form
insoluble in acid ammonium acetate or had been
leached out of the plough layer into the subsoil.
At the end of the experimental period the mag-
nesium content of the soil beneath the plough
layer (20—40 cm) had increased by 29 mg/l in
experiment 4 and by 24 mg/l in experiment 5,
compared with soil not treated with fertilizer,
The cotresponding increase in magnesium con-
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Table 4. The volume of fertilizer magnesium (mg/l, %)
discovered in the yields and soil at different test sites.
(Differences Mg,—Mg,.)

Magnesium Soil Total ' Soil
uptake of | (0—20 cm) (20—40 cm)
Trial no. the yield magnesium '} magnesium
mg/l content mg/l % of thel — content
mg/l applied mg/l
1. 1,5 28 29,5 | 21 10
2. 3,5 47 50,5 35 3
3. 15 57 585 41 | 8
4 . 4,5 40 44,5 31 . 29
5. 2,5 17 19,5 14 24
6 . 0,5 64 64,5 45 3
7. 2,5

54 565| 40 | 3

tent in experiments 2, 6 and 7 was 3 mg/l. If the
increase in magnesium content were due solely
to the magnesium applied as fertilizer, it would
correspond to 2—20 9, of the magnesium given.

However, in view of the fact that when starting
the experiments. only the magnesium content
of the plough layer was determined, changes in
the magnesium content of the soil beneath this
layer cannot be elucidated during the experi-
mental period.

Calcium uptake

The amount of calcium taken up anually by
cereal grain vatied from 1,6 to 2,6 kg/ha (Fig.3).
Grassland hay and aftergrowth crops took up
calcium as follows:

Ca kgfha/a
Hay ..o iiiiin i 15,6
Aftergrowth .......... ...l 6,6
Total 22,2

The smallest amount of calcium taken up by
the hay and aftergrowth crops together, 11 kg/
haja, came from soil treated with fertilizer
corresponding to N;K;Mg,, and the greatest
amount, 27 kgfha/year, from soil treated with
with N,K; and without magnesium.

Mote calcium was removed from the soil by
grassland crops with the larger amount of nitro-
gen fertilizer than with the smaller. The larger
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Fig. 3. The amount of calcium (Ca kg/ha) taken up by

crops in different years and the total in five years (the

number at the top of the column). Explanations of the

symbols in figure 1. (1st and 2nd year: 7 spring cereals,

3rd and 4th year: 6 grass and 1 spring cereal, 5th yeat:
6 spting cereal and 1 grass)

amount of potassium and the application of
magnesium fertilizer both reduced the uptake
of calcium by the grassland crops.

During the five-year experimental period the
crops took up 36—53 kgfha of calcium. The
highest uptake of calcium by the thre¢ cereal
crops and two grass croXs was in experiment 1
(claeye finer fine sand) and the least in experi-
ment 5 (finer fine sand). At the start of the study
the plough layer in experiment 5 contained only

K kg/ha
500 1 : .
K ' Ka 457 -
]
—
#ﬂ N
400
N 315
205 \ =1
] BN
N
300 §
N ==
200 - | [tk
-
ath
N
' ESrd
b 72nd
mlst
AL TR 1 Il
M 0101 0101
N 11 22 112 2

Fig. 4. The amount of potassium (K kg/ha) taken up

by crops in different yeats and the total in five years

(the number at the top of the column). Explanations of

the symbols in figure 1. (Ist and 2nd year: 7 spring

cereals, 3td and 4th year: 6 grass and 1 spring cereal,
5th year: 6 spring cereals and 1 grass)

370 mg/l of calcium. One reason for the high
uptake of calcium in experiment 1 may be the
fact that the stand contained clover.

Potassium uptake

The total uptake of potassium in three cereal
and two gtrass crops in five years varied from
346 to 467 kg/ha, depending on the experimental
treatment (Fig.4). The greatest effect on potas-
sium uptake was where nitrogen fertilizer had
been applied. With the smaller amount of nitro-
gen 358 kgfha of potassium was removed with
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the crops in five years and 437 kg/ha with the
larger amount of nitrogen fertilizer.

In the first two years the potassium uptake of
the grain varied from 8,6 to 19,0 kg/ha annually.
During the next years the uptake of potassium
with experimental treatments was from 122
(NK;:Mg) to 229 kg/ha (N,K,Mg) annually.
The largest total amount of potassium taken up
by three cereal and two grass crops was removed
from experiment 4 (maddy finer fine sand), from
which the largest crops in this study were obtain-
ed. Crops on finer fine sand in experiment 5
took the least potassium in this field test series.
At the beginning of the experiments, there was
nearly the same amount of potassium in the soil
of both experiment sites.

The smaller amount of potassium fertilizer,
a total of 150 mg/l of soil as K (300 kg/ha) in five
yeats, was not entirely sufficient for the needs of
three cereal and two grass crops, because the
amount of acid ammonijum acetate-extractable
potassium in the plough layer declined by 33 mg/

1 on average. The crops had also taken up an
additional 9 mg/l of potassium, either in readily
soluble form beneath the plough layer or in not
very soluble form from the entire root system
layer, since the uptake of potassium by the crops
totalled 192 mg/l of soil. The smaller amount of
potassium was sufficinet for the finer fine sand
in experiments 1 and 5. In other experiments
the potassium content of the soil decreased.

The larger amount of potassium, 600 mg/l
of soil as K (1200 kg/ha), raised the amount of
readily soluble potassium in the plough layer
by 177 mg/l and the crops took up 207 mg/l
(34,5 %). Of the potassium applied, 216 mg/l
of soil may have been retained extractable in acid
ammonium acetate or have been shifted below
the plough layer. The potassium content of the
soil beneath the plough layer (20—40 cm) on
the plots which received the larger amount of
potassium was on average 71 mg/l higher than
on the plots with the smaller amount of potas-
sium.

DISCUSSION

The cereal grain yields took up an average of
3,4 kg/ha of magnesium without magnesium
fertilizer, and the magnesium of the soil in this
study which had even a meagre magnesium
content was sufficient for producing a crop. The
amount of magnesium returning to the soil along
with the straw may be nearly as much as that
taken up by the grain crop (Joxinen 1977 a).
It can be said that the magnesium content of the
soil rarely limits the growth of ceteals in Fin-
land, for the magnesium in the soils in the cereal-
growing area of the southern patt of Finland
may be sufficient, except in the coarse mineral
soils (KarLa 1973). Some of the multi-nutrient
fertilizers on sale in Finland contain so much
magnesium (1,0—2,5 9) that the amount of
magnesium taken up by the cereal crops is
replaced with the fertlizer.
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The amounts of nuttients removed in the
grass crops depended both on the amount of
the crop and on the changes in its nutrient
contents. In contrast, the amount of the grain
crop with cereals was decisive (Joxinex 1977 b).

An increase in nitrogen fertilizer enhanced
the uptake of magnesium, potassium, calcium
and nitrogen by grass species (HAranp 1971,
SitraneAA and RinNe 1975). The quadruple
amount of potassium fertilizer did not have a
significant effect on the uptake of magnesium
(LAuGHLIN et al. 1973).

Without magnesium fertilizer the crops took
up 22 kg/ha of magnesium in five years. During
the same period the magnesium content of the
soil (acid ammonium acetate-extractable) de-
clined by 17 mg/l (c. 33 kg/ha). The appatent
recovery of the annual application of magne-



sium in these field experiments was low (1,6 %,
on average), although the soils did contain 2
small amount of magnesium. The rise in the
magnesium content of the soil caused by the
fertilizer was significant at all test sites. On this
basis it can be assumed that the recovery of
magnesium would be greater than the above-
mentioned. In some studies it has been found
that the magnesium content of crops remains
high for several years after fertilizer has been
applied (Joxkmnex 1971, Harwis 1977). The
apparent recovery of the magnesium applied
as fertilizer may therefore be larger than this
study indicates. During the three-year period
one cereal crop and two grass crops took up
some 3 %, (a total of 285 kg/ha Mg) of the mag-

nesium applied during the first two years (JoxI-
NEN 1977 b). The apparent recovery of the
magnesium (95 kg/ha) applied at one time on
the studies of Jaaxkora and Voer (1978) was
some 1,7 %, in three years. In pot experiments
lasting three years the grain and straw yields of
oats on bog peat used a total of 13—64 9, of
the magnesium in the magnesium sulphate
applied annually (Joxmen 1977a). A large
amount of nitrogen fertilizer and liming in-
creased the capacity of the cereal to use the mag-
nesium applied in the form of fertilizer.

Aéknowledgements: 1 am greatly indebted to the Founda-
tion for Research of Kemira Oy for providing a grant
for this study.
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SELOSTUS

Magnesium-, kalium- ja typpilannoituksen vaikutus

kevitviljojen ja nurmien ravinteiden ottoon

RAILI JOKINEN

Maatalouden tutkimuskeskus

Magnesiumsulfaattilannoituksen (57 kg/ha Mg) vaiku-
tusta kevitviljojen ja nurmien ravinteiden ottoon tutkit-
tiin kenttikokeissa kahdella kaliumkloridi- (60 tai 240
kg/ha K) ja kahdella kalkkisalpietarilannoituksen (50
tai 100 kg/ha N) tasolla. Lannoitukset annettiin viiden
vuoden koejakson aikana vuosittain kasvukauden alussa.
Kokeissa kasvoi kahtena ensimmiiseni vuotena vilja,
kolmantena ja neljinteni vuotena nurmi, viidenteni vuo-
tena vilja. Seitsemistd kokeesta kuusi oli perustettu alle
100 mg/l Mg sisiltiville maalle.

Ilman magnesiumlannoitusta poistui maasta jyvisadon
mukana magnesiumia keskimiirin 3,4 kg/ha vuodessa.
Lannoituksena annettua magnesiumia jyvisadot ottivat
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vuosittain 0,3 kgfha (0,5 %).

Nurmista korjatut heini- ja odelmasato yhdessi otti-
vat vuosittain keskimdirin 6,1 kg/ha magnesiumia, jos
magnesiumlannoitusta ei annettu. Magnesiumin otto
lisadntyi 2,1 kg/ha, kun lannoituksena annettiin vuosittain
57 kg/ha magnesiumia. Nurmen sadot ottivat lannoit-
teen magnesiumia 3,7 %.

Viiden vuoden koejakson aikana annetun magne-
siumin ndenniinen hyviksikiyttd vaihteli koepaikan
mukaan 1,0—8,9 kg/ha (0,4—3 9%). Keskimiiriinen
hyviksikiyttd timin tutkimuksen viljelykietrossa oli
4,6 kg/ha (1,6 %). Magnesiumlannoituksen jilkivaiku-
tusta ei tutkittu.
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RESEARCH NOTE
THE USE OF BEEF BULLS ON DAIRY COWS

ULr B. LINDSTROM
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Finland.)

Interviews and records from 415 herds inseminating part of their daity cows with
beef semen indicated that over 90 % of the owners consideted the effect of the site
of the fetus on the dam’s milk production and fertility negligible. Reductions in

milk yield were, however, observed somewhat more frequently at high average
production levels. Thete were no differences between Charolais-mated and Hete-
ford/Aberdeen Angus-mated cows as regards milk production or fertility.

INTRODUCTION

In the past few years evidence has been accumu-
lating on an influence of the sire of the fetus on
the milk production of the dam (SxjErvoLD &
Fimranp 1975, Apxinson et al. 1977, TAYLOR
et.al. 1978). Recently NIELSEN & JoRGENSEN
(1979) reported a decrease of 12—14 kg of
butterfat per lactation, ie. 4—5 9%, of Jersey
cows pregnant in their first lactation with a
Charolais-sired fetus.

Two years ago we did a survey of the experi-
ences of dairy herd ownets using beef semen re-

gularly to part of their cows. This type of study
does not provide exact figures on the effects
beef sires have on the dams they are mated to.
Nevertheless it gives useful results of the magni-
tude of the possible beef sire influence. As this
teport is available only in Finnish (LiNDSTROM
1978), and as we know of only one other field
study on this subject (STEGENGA et al. 1972), it
seems worthwile to present some of our results
in the form of a note.

MATERIAL AND METHODS

In recent years some 50—60 000 dairy cows
have annually been inseminated with semen
from beef bulls. Of these approximately one
half have been milk tecorded cows. From the
registers of the Agricultural Computing Centre
(ACC) the names and addresses of all owners
using beef bulls in their milk recorded herds in
1975 and 1976 were collected. At the end of

1977 every third of these, i.e. 748 owners, were
sent a questionnaire asking for information on
beef breeds used, age and milk yield of cows
insethinated, calving difficulties, still births etc.
The question concerning the effects of the beef
bulls on the cows was formulated as follows:
»Which were the effects of the beef bull(s) on
the inseminated cow(s)?»
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Improved No effect Decreased

(a) On the pregnancy
rate and fertility

(b) On the milk
production in the
cutrrent lactation

(c) On the milk
production in the
following lacta-
tion

The questionnaire was returned by 415 herd

owners (56 %). ‘The answers were coded,

punched and supplemented with information on
breed composition, herd size, average milk
yield of herd and area from the registers of ACC.
Frequency distributions for the whole material
and for vatious subgroups were calculated.
Differences between proportions were tested
by t-tests. Herds with more than 60 %, of the
cows of one breed wete considered purebred.
The majority (60 %) of the herds were Aysshire,
3 9, were Finncattle, 5 %, Friesian and the rest
mixed. Most hetds, over 3/4, were from South
ot Central Finland. Approximately 30 9, of the
herds had less than 8 cows.

RESULTS

General

Over half of the herd owners had been using
beef bulls for 5 years or. longer. Of the beef
breeds Charolais was used most, to 61 9, the
Herefotd to 32 9, and Aberdeen Angus to 7 9%,
Only 16 9, of the herds had used beef bulls to
heifers. The majority of the farmers used beef
semen to cows at least 3 years old, mainly to
poor or average individuals. Charolais was used
to 65 9, of the cows in small (<8 cow) herds,
but only to 50 9, in larger herds. Hereford
semen was used to less than 30 9%, in small herds,
but to c. 409, in larger herds. Large herd
owners (specialised in milk production) seemed
mote anxious to avoid the negative effects, e.g.
increased tisk for calving difficulties, of using
a large Charolais bull than owners of small
herds. An interesting observation was that the
usage of Charolais increased from 59 9, in
herds yielding less than 5000 kg/cow to 69 9,
in herds producing more than 6500 kg/cow.
The reason is probably that in high producing
herds the poorest cows ate more easily identified
and set aside for beef bull crossings than in low
producing herds.
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Fig. 1. Effect of beef bull on the inseminated daity cow.



Effect of sire

Fig. 1. gives the results for the whole material
of the effect of the beef bull on the inseminated
cow. Obviously the majority of the herd owners
consider the influence of the beef sire small.
This is especially true with respect to the preg-
nancy rate & fertility of the cow; only 2,2 9,
reporting a decrease while 5 9, note an improve-
ment. For milk production the proportion
reporting a decrease is clearly higher, 9 and 8 9,
for the current and subsequent lactation, re-
spectively. Only 0,5 and 1,5 9%, report an im-
provement. The great majority, over 90 9, do,
however, consider the effect of the beef sire
negligible. These results are in agreement with
those of STEGENGA et al. (1972), who found no
difference between the milk yield of Charolais
and Friesian mated dams. In our study, among
the farmers noting a reduced milk yield many
also commented on a prolonged dry period.
This is in agreement with NIELSEN & JoRGEN-
sEN (1979).

Production level, herd size

An interesting feature is that the proportion of
farmers observing a decrease in milk yield
increased with increasing average herd levels.
(Table 1.). This increase is, however, not statis-
tically significant neither in the current not
subsequent lactation. There was no clear differ-
ence between the results for Charolais- mated
dams compatred to Hereford/Aberdeen Angus-

Table 1. Influence of beef site on milk production of
inseminated cow at two herd production levels.

Percent of owners reporting decrease
in milk yield

Production
level . .
kg, milk Cuttent lactation Subsequent lactation

N % N %
<5500 .. 183 6,1 179 6,5
6 000— .. 136 10,6 131 8,4

Table 2. Influence of beef sire on milk production
of inceminated cow at varying herd sizes.

Percent of owners reporting decrease

in milk yield
Herd size
Nos. of cows Cutrent lactation Subsequent lactation
N . % N %
<8 127 8,1 125 49
9—15 204 7,7 200 6,6
16— 84 13.4 80 15.3

mated dams. Although the proportion of farm-
ers reporting a decrease in milk yield increased
with increasing herd size (Table 2.), this tendency
was not significant neither for the current nor
for the subsequent lactation. The differences
between the Charolais- mated and Hereford/
Abetrdeen Angus- mated dams were also hete
negligible.

If the beef-sired fetus exerts an influence on
the dam one would, naturally, expect a larger
reduction at high than at low milk production
levels. The above results are consistent with
this theory. The influence of the herd size seems
more difficult to explain. However, in our
material the herds with 16 or mote cows had an
average production some 200 kg higher than
those with less than 8 cows. There is thus con-
founding between herd size and production level.
Moreover, because of more flexible selection
opportunities, it is possible that the cows in-
seminated with beef bulls, on average, are some-
what better in large than in small herds. (Unfoz-
tunately we did not have data on this).

With regard to pregnancy rate/fertility
there were no differences between dams mated
to Charolais and Hereford/Aberdeen Angus
not between dams producing at different pro-
duction levels and in herds of varying size.

Neither were any significant differences bet-
ween cows of different ages detected with
regard to milk production nor fertility. As only
16 9, of the farmets had used beef bulls to
heifers and only 3 9, had done so regulatly, it
was not possible to analyse the beef sire influence
on young animals.
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Reasons for »fetus-effect»

At present the reasons for a »fetus-effect» are
unclear. Although hormone sectetions (oestro-
gen, progesteron, lactogen) of the placenta
certainly are involved (Osmga 1970, BOLANDER
et al. 1976, MorrETT et al. 1976) the exact
mechanisms and the influences of other factors
are unknown. Conflicting tesults have been
presented on the effect of the genetic quality
(for milk yield) of the site of the fetus. SkjER-
voLD & FimranD (1975) and Apxkinson et al.
(1977) found no association between the milk

breeding value and the »fetus-effect» of a sire
whereas TAvLorR et al. (1978) noted a signif-
icant negative one. It seems that the weight of
the fetus also plays an important part, larger
fetuses generally producing more oestrogen.
This effect may, however, be different for beef
and dual purpose bulls (Osinga 1970). But
perhaps the weight of the fetus as such also
influences the milk yield of the dam? There may
thus be confounding between the growth rate
of a sire, its association with his daughters’ milk
production and the »fetus effect».

CONCLUSION

If the milk depressing effect of the beef-sired
fetus were very pronounced, say 10—15 9, it
secems probable that even in this material a far
larger proportion of the farmers would have
reported on it. The fact that reductions in milk

yield were observed mote frequently at higher
average production levels indicates, however,
that the beef sire influence, although small,
perhaps isn’t completely negligible.
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SELOSTUS

Pihvisonnien kiyttd lypsykarjoissa

UrF B. LINDSTROM

Maatalouden tutkimuskeskus

Yhteensi 415 lypsykatjasta saatujen haastattelu- ja kar-
jantarkkailutulosten perusteella todettiin, ettd yli 90 %
karjanomistajista ei pitinyt pihvisonnin vaikutusta sie-
mennetyn lehméin hedelmillisyyteen tai maidontuotan-
toon mainittavana. Kotkealla (>6 000 kg) tuotostasolla

olevissa katjoissa todettiin kuitenkin hieman useammin
maidontuotannon vihennysti. Charolais-sonneilla sie-
mennettyjen lehmien ja Hereford/Abetdeen Angus-
sonneilla siemennettyjen lehmien vililld ei ollut eroa mai-
dontuotannossa eiki hedelmillisyydessi.
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The B, Cu, Fe, Mn, Mo, and Zn contents of spring and winter wheats were
analyzed twice a week during the growing season in order to obtain data on
seasonal variation in micronutrient contents of plants,

The highest contents of B, Cu, and Fe, recorded at an early stage of growth,
were followed by substantial decreases towards the end of the growing season.
The decreases in boron were from 4—12 to less than 2 mg/kg, in copper from
6—10 to 3—4 mg/kg and in iron from 80—210 to 30—75 mg/kg.

The highest Mo and Mn contents wete also found at eatly stages of growth.
At later stages the changes in the contents were less regular and in the case of
Mn a tendency to increase was observed toward hatrvesting time.

The behaviour of Zn differed from that of other micronutrients studied. The
changes in Zn contents were relatively small, consisting mainly of a slight tendency
to increase towards the later stages of growth.

The differences in soil micronutrient contents were best reflected in the re-
spective wheat micronutrient contents at the early stages of plant growth. Therefore,
samples for plant analysis should be taken at an eatly stage of plant growth. There
were no clear differences in the contents nor in the behaviour of micronutrients
between the spring and winter wheats.

Index words: Wheat, stage of growth, contents of boron, copper, iron, manga-
nese, molybdenum and zinc.

INTRODUCTION

The highest levels of macronutrient contents
(Ca, X, Mg and P) in wheat occutr at a very
early stage of plant development, and the con-
centrations dectrease rapidly as the plant grows
older (e.g. Sierora et al. 1978).

Both plant and soil analysis have been used
to study the need for fertilization in crop grow-
ing. One disadvantage of plant analyses is
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that they can only be made during the growing
season when the time available for deficiency
corrections is limited and the result may be
ineffective. Therefore, presowing fertilization
with macronuttients according to soil tests is
a widely accepted practice. In the case of micro-
nutrients the amounts needed are small and
they may be applied to the crop together with



For this
reason plant analysis may offer more advan-
tages in the case of micronutrients than with

herbicide or fungicide treatments.

macronutrients.
For proper interpretation of analytical results
a knowledge is required of possible changes in

the micronutrient content during growth. The
contents of boron, copper, iron, manganese,
molybdenum and zinc during the growing
period in winter and spring wheats are recorded
in this study.

MATERIAL AND METHODS

Spring and winter wheats were grown on four
experimental fields located at Tikkurila in south-
ern Finland and at Mouhijirvi in central Fin-
land. At Tikkurila the spring wheat (variety
Ruso) was grown on a sandy clay soil and winter
wheat (Nisu) on a sand soil. At Mouhijirvi the
respective soils and varieties were clayey silt
(Svenno) and silty clay (Linna). The sowing
dates were 2. 9. 1975 and 21. 5. 1976 at Tikku-
rila, and 18. 8. 1975 and 22. 5. 1976 at Mouhi-
jarvi. The average fertilization consisted of
100 kg N, 35 kg P and 47 kg K, 25 kg Ca and
3 kg Mg per hectare.

_The micronutrients (Fe, Cu, Mn, Mo and Zn)
were extracted from the soil using a 0,02 M
Na,EDTA, 0,5 M ammonium acetate, 0,5 M
acetic acid solution, pH 4,65 (LAKANEN and
Ervi6 1971). Boron was extracted using a modi-
fied BErRGEr and TruoG (1945) method. Soil
(25 ml) and H,O (50 ml) were boiled together
for 5 min in a silica flask using a test tube with
water circulation as a condenser in the neck of
the flask. The solution was immediately filtered
through a fluted filter paper. Boron was detet-
mined by an azomethine-H method (Strrora
and Ervio 1977). Analytical data of soils are
given in Table 1.

Table 1. Properties of experimental soils as analyzed at
sowing and at harvesting time.

pH(H,0) mg/l soil
1:2,5 B I CuI Fe [Mn| Mo | Zn
Winter wheat
Tikkurila, san-
dy clay
sowing ..... 5,1 10,7515,30 [568 | 65(0,057|11,4
harvest ....[| 5,1 [0,6615,19 (569 | 72(0,057(11,3
Mouhijirvi,
silty clay
sowing ..... 5,5 10,39 12,24 |1266 [111[0,082| 2,9
harvest ....[ 59 ]0,42]2,41|303 {130/|0,084} 3,2
Spring wheat
Tikkurila, sand
sowing ..... 5,8 0,57 12,43 |278 | 16|0,023| 8,4
harvest ....| 5,9 [0,53]2,56|292| 18/0,027,10,5
Mouhijérvi,
clayey silt
sowing . .... 5,3 10,31|1,46|298 [115|0,039| 3,1
harvest ....| 5,5 ]0,30]1,52|310 [114/0,037| 3,5

The wheat samples were collected twice a week
during the growing season. Each sample con-
sisted of ten sub-samples (the upper halfes of
the plants was collected) from an area of about
0,2 hectare.

Plant samples were analyzed by a previously
described method (Sirrora et al. 1978). The
molybdenum was determined by the zinc dithiol
method (StanToN and Harpwick 1967). The
azomethine-H method (Sirrora and Ervié 1977)
was used in the boron determinations.

RESULTS AND DISCUSSION

The results of plant analyses are given in Fig. 1
and 2 as moving averages of order three.

Boron

The boron contents of the wheats at Tikkurila
varied from about 10 mg/kg DM (dry matter)

3 127903050V

in early summer to about 2 mg/kg at harvesting
time, and at Moubhijirvi from 4—6 mg/kg to
about 1—2 mg/kg, respectively (Fig. 1). The
considerably higher contents of extractable B
from Tikkurila soils are clearly reflected in the
boron contents of the wheats in June. In July
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these differences dectease and at the later stages
of growth in the case of winter wheat the differ-
ences disappear.

Copper

The copper contents of spring and winter
wheats at Tikkurila were 8—10 mg/kg in early
summer and decreased to 2,5—3,5 mg/kg
towards harvesting time. The contents at Mouhi-
jitvi decreased from about 6 to 3—4 mg/kg.
No clear differences existed between the spring
and winter wheats. Since different varieties were
grown at Tikkurila and at Mouhijirvi the varietal
effects and effects of extractable Cu contents of
soils on the Cu contents of the plants cannot be
cleatly defined. However, in early summer the
Cu contents of wheats grown at Tikkurila were
almost twice as high as those of the Mouhijirvi
wheats. This may be due to a similar relation
between the extractable Cu contents in respective
soils (Table 1). The differences in the Cu contents
of wheats disappeared at later stages of growth
and in the case of the spring wheat reversed.

Iron

The highest iron contents of wheats (80—210
mg/kg) were recorded at the very early stages
of growth at all four experimental sites. The
high Fe content of Tikkurila winter wheat is
obviously due to the high extractable content
of Fe in that particular soil (Table 1). The de-
crease in Fe contents of wheats towards the
later stages of growth (to 30—50 mg/kg) is
distinct even though some tendency to increase
can be noticed when approaching the harvesting
time.

Manganese and Molybdenum

The changes in Mn and Mo contents of wheats
during the growing period were not as cleatly
defined as in the case of Cu, Fe and B.
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The Mo contents of wheats varied from about
0,1 to 0,7 mg/kg being at a maximum at eatly
stages of growth. At later stages, the changes
in the Mo contents were less regular, staying
within the limits of 0,1—0,4 mg/kg. A partial
reason for the high Mo contents of Tikkurila
spring wheat and Moubhijirvi winter wheat may
be the high pH of the respective soils.

The range of vatiation in Mn contents for
the four wheats under study was about 30—100
mg/kg. The Mn contents were at a maximum
about four weeks after sowing the spring wheats
(middle of June) and at the respective stage of
growth in the case of winter wheats (early June).
After this the contents decreased markedly,
reaching a minimum at about the middle of July.
The minimum was followed by an increase
towards the end of the growing season.

The exceptional changes in Mn contents of
wheats may be connected with the redox condi-
tions of soils during the growing season. The
high Mn contents of Tikkurila winter wheat and
Mouhijirvi spring wheat may be at least partially
due to higher availability of Mn in soils of lower
pH.

Zinc

The variation in the zinc contents of wheats
were surprisingly small compared with other
micronutrients. The Zn contents at Tikkurila
varied between 25 and 40 mg/kg and at Mouhi-
jarvi between 20 and 25 mg/kg. The zinc con-
tents of the wheats increased slightly during the
whole growing period. The extractable content
of Zn was considerably higher in Tikkurila soils
than in Mouhijirvi soils. This difference is
cleatly reflected in the Zn contents of plants at

" all growing stages.

Micronutrient content of Finnish wheat

Data on micronutrient contents of wheats grown
in Finland and elsewhete vary greatly. Among
the factots causing this variation are the differ-
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ences in soils, in the growing stage of the wheat
at the sampling time, in plant parts selected for
analysis and in analytical methods.

Micronutrient contents of wheats similar to
those in Finland have been tepotted, e.g. from
Austria and Norway (GusenrLerrNer 1978, Lic
and STEINNES 1978). When judged according to
the values presented by BeErGMaNN and NEeu-
BERT (1976) the micronutrient contents reported
in the present study are mainly to be classified
as »normal». The boron contents were low in
the wheats at both locations if the range 6—
10 mg/kg at the heading stage is considered as
the range of sufficiency. A relatively high man-
ganese content was found in the winter wheat
at Tikkurila if the values above 28 mg/kg at the
heading stage are considered to be more than
sufficient.

The micronutrient contents of wheats are
generally in accordance with the extractable
contents of soils. Exceptions are molybdenum
in spring wheat and manganese in winter wheat
which, when compared between growing loca-
tions, are opposite to the extractable contents
of soils. In both cases the pH of the soil may

essentially affect the availability.

There were only small differences in micro-
nutrient contents between winter and spring
wheats. The differences were also small between
different varieties, This is in accordance with
the investigations of Czarnowsxa (1975) who
reported very similar Cu, Fe, Mn and Zn con-
tents in two winter wheat varieties.

The stage of growth of a plant has long been
known to be a very important factor in deter-
mining the mineral content of the plant-(e.g.
Batges 1971). To obtain comparable results the
sampling for plant analysis should be done at the
same stage of plant growth. As stated above, the
highest micronutrient contents as well as the most
distinct differences due to soil nutrient status
existed at an early stage of plant growth, i.c. at
the tillering stage. Later, during the stem exten-
sion stage the contents as well as the differences
decreased and reached their lowest values at the
heading and ripening stages in late summer and
early autumn. For example, the Cu content of
spring wheat in early summer correctly reflects
the respective extractable content in soil, while
the plant content at later stages is likely to give
a false picture of the Cu status of the soil.

Because of higher contents and more distinct
differences in materials sampled at eatly stages,
analytical errors have less bearing than in mate-
rials from later stages. Obviously the micro-
nutrient contents of wheat plants at early stages
also better reflect the micronutrient status of
soils than analyses of plant material from later
stages. Therefore the mid-tillering stage of
wheat seems to be best suited for sampling.

In the study carried out by Sierora et al.
(1978), dealing with the macronutrients Ca, K,
Mg and P, the best period for sampling was
also found to be the tillering stage: occuring
during the month of June for spring wheat and
about two weeks earlier for winter wheat, in
Finnish conditions.
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SELOSTUS

Vehnin mikroravinnepitoisuuksien muutokset kasvukauden aikana

Torvo Yriranta, Hixkan JanssonN ja Jouko Sierora

Maatalouden tutkimuskeskus

Yhteensd neljilli koekentilli Tikkurilassa ja Mouhijit-
velli kasvaneen kevit- ja syysvehnin B-, Cu-, Fe-, Mn-,
Mo- ja Zn-pitoisuus analysoitiin kasvukauden aikana
kahdesti viikossa. Tind aikana B-, Cu- ja Fe-pitoisuus
aleni huomattavasti: booripitoisuus alkukesiin pitoisuu-
desta 4—12 mgfkg korjuuajan pitoisuuteen 2 mglkg,
kuparipitoisuus vastaavasti 6—10 mg/kg pitoisuuteen
3—4 mg/kg. Kevitvehnin rautapitoisuus aleni alkukesiin
pitoisuudesta 110—140 mg/kg korjuuajan pitoisuuteen
40—80 mg/kg. Tikkurilan syysvehnin Fe-pitoisuuden
lasku oli selvidsti suurempi, alkukesin pitoisuudesta
210 mg/kg kotjuuajan pitoisuuteen 60 mg/kg. Muutokset
vehnin sinkkipitoisuuksissa olivat pienid. Muista mikro-
ravinteista poiketen nousivat sen pitoisuudet kuitenkin
hiukan koko kasvukauden ajan. Vehnin kasvukauden
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aikaiset Mn- ja Mo-pitoisuuksien vaihtelut eivit olleet
yhti selvipiirteisid. Molybdeenipitoisuuksien erot olivat
suurimmat vehnin ajkaisessa kehitysvaiheessa. Mangaani-
pitoisuuksien erot olivat pienimmit keskikesilld, mutta
suuret seki kesiin alussa ettd syksylld.

Kevit- ja syysvehnin B-, Cu-, Fe-, Mn-, Mo- ja Zn-
pitoisuuksien vililli ei havaittu selvid eroja. Mangaania
ja molybdeenii lukuunottamatta erot maasta uuttuneissa
ravinnemiirissi heijastuivat vehnin vastaaviin pitoi-
suuksiin. Vehnin ravinnepitoisuuksien erot olivat yleen-
si huomattavasti suuremmat kasvin varhaisessa kehitys-
vaiheessa kuin kasvukauden lopulla. Arvioitaessa kas-
veille kiyttékelpoisten mikroravinteiden médrdd maassa
kasvianalyysin avulla olisi nédytteet otettava varhaisessa
kasvuvaiheessa.
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SOIL PHOSPHORUS TEST VALUES OBTAINED BY ACID AMMONIUM ACETATE,
WATER AND RESIN EXTRACTION AS PREDICTORS OF PHOSPHORUS CONTENT IN

TIMOTHY (PHLEUM PRATENSE L.)

Jouko Srerora and HAxaN Jansson

Srterora, J. & Janssow, H. 1979. Soil phosphorus test values obtained by
acid ammonium acetate, water and resin extraction as predictors of phos-
phorus content in timothy (Phleun: pratense L.). Ann. Agric. Fenn, 18: 225—230.
(Agric. Res. Centre, Inst. Soil. Sci., SF-01300 Vantaa 30, Finland.)

Acid ammonium acetate (pH 4,65), water and anion-exchange resin soil test
methods were compared with respect to their power to predict the phosphorus
content in timothy. The 234 soil and timothy sample pairs of the study represented
nine types of clay, coarse mineral and otganic soils of Finland.

Acid ammonium acetate, water and tesin extracted an average of 8,3, 5,3, and
7,5 mg phosphorus per litre soil, respectively, from all soils. The resin method
extracted more phosphorus from clay and organic soils than the other methods.
The water method resulted in the lowest values, but contents almost as high as
those obtained with acid ammonium acetate were obtained from Carex peat soils.

The soil test methods explained 8—21 9, of the variation in phosphorus con-
tent of timothy. None of the soil test methods was superior to the others in pre-
dicting the phosphorus content in timothy. Significant correlation between soil
test values and timothy phosphotus content wete obtained with 2ll three methods
for all major soil groups. Several soil and other factors, howevet, seem to cause
variation in the availability and uptake of soil phosphorus which complicates the
interpretation of soil phosphorus tests.

Index words: Soil testing, phosphorus extraction methods.

INTRODUCTION

Many soil testing methods have been developed
to estimate the need for phosphorus fertilization
in crop growing. In Finland the acid ammonium
acetate extraction has been used for this purpose
since its introduction (VuoriNEN and MAKITIE
1955). The method has been used extensively
and over 100 000 soil samples are analyzed each
year (Kurxkr 1972).

Many other soil tests for phosphotus have
been proposed since the development of the
acid ammonium acetate method. One of the
new methods which has been claimed to show
promising results in testing for soil phos-
phorus is the water extraction used in the Neth-
erlands (van der Paauw 1971). This method
has been found to be better than the populat
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ammonium lactate method and it has been found
to be suitable for various types of soils (Ris
and van Lurr 1973).

Another method which has proved to be
successful is the anion-exchange resin extraction
(e.g. Cooke and Hisror 1963). The use of this
method has not been extensive because of time-
consuming and difficult analytical procedures.
However, various modifications have been pro-

posed to make this method more easily appli-
cable (S1BBESEN 1977, Aura 1978 a).

The purpose of the present study was to obtain
some information under Finnish conditions on
the suitability of the water and resin extraction
methods for soil phosphorus compared to the
acid ammonium acetate method currently in use
in Finland.

MATERIAL AND METHODS

The soil and plant samples of this study (234
pairs, Table 1) were part of a series which covered
the whole of Finland (Sterora and TAREs 1978,
KAuirr and NissiNnen 1978).

The phosphorus was extracted from soils
with acid ammonium acetate (pH 4,65) according
to the method of VuoriNeN and MAxITIE (1955).
The water extraction was carried out according
to Sissingu (1971); 4,3 ml soil was measured
and moistened with 7 ml deionised water, allowed
to stand for 22 h after which 250 ml water was
added and shaken for 1 h. In the case of turbid
filtrates, NaCl was added to coagulate the clay
as proposed by Sissinga (1971).

For the resin extraction 100 ml water was
added to 10 ml soil into a bottle and then allowed
to stand for 0,5 h. For the exchange, 5 g anion-
exhange resin (Dowex 21K) in chloride form
was used. Eluation of phosphorus was carried
out after extraction with 100 ml 1 M HCI for
two hours. The phosphorus concentration of
the eluate was determined by the method of
WaTanaBe and OLsEN (1965).

The pH values reported were measured in a
1:2,5 v/v water suspension. The organic carbon
was determined using a modification of the
colorimetric dichromate combustion method
(Gramav 1948).

RESULTS

Amounts of phosphorus extracted from soils.

The acid ammonium acetate extracted phos-
phorus was an average of 8,3 mg/litre soil from
all soils. The extracted contents for the water
and resin methods were 5,3 and 7,9 mg/l soil,
respectively, which were 64 and 95 9, of that
The
range of the extracted phosphorus contents was

extracted with acid ammonium acetate.

0,9—81 mg/l with acid ammonium acetate.
With water and resin the ranges were 0—40
mg/l and 0—66 mg]l, respectively.

The least phosphorus extracted with the resin
method was from soils in the silty clay group
(Table 1). Little phosphorus was extracted from
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soils in the silt and finer finesand groups with
the resin method. The largest difference in the
amount of extracted phosphorus by the acid
ammonium acetate and water methods was in
the group of silt soils where the water extracted
only 409, of the phosphorus solubilized by
acid ammonium acetate. Of the Carex peat soils,
acid ammonium acetate and water extracted
almost similar contents.

The resin method extracted more phosphorus
from clay and organic soils than acid ammonium
acetate or water. From coarse-textured mineral
soils the resin method extracted more phos-
phorus than water but less than acid ammonium
acetate.



Table 1. Soils, their mean values of pH, organic carbon,

soil phosphorus extractable with acid ammonium acetate,

water and anion exchange resin, and content of phos-
phorus in timothy.

P mg/! soil
P in

Soil type ' n | pH |org. C| Acid timothy

amm.-| Water | Resin | mg/kg

acet,
Heavy clay ..... 14158 4,3 7,8| 6,1 8,0|2684
Sandy clay ..... 14 15,7 4,2| 9,8 7,9/12,4|2724
Silty clay ....... 2515,6| 4,7| 4,8} 3,0| 6,1|2755
Clay soils 53157 4,5 6,9 51| 832728
Silt ...l 3057 3,3 7,5( 3,0| 512771
Finer finesand ..| 32(5,7| 3,3| 7,1] 3,2| 5,1|2881
Finesand ....... 35157 3,8| 7,5( 3,9 6,2|2722
Glacial till ...... 26159( 3,5{12,5( 53| 6,4{2972
Coarse mineral
soils 123 (5,7 3,5( 85| 3,8 5,7|2828
Mull ..., 3353|16,1| 56| 421 7,9(2929
Carex peat ..... 2515,1(33,5(14,4(14,1(18,4|3 073
Organic soils 58(5,2123,6| 9,4| 8,5|12,4]2991
Whole material |234[5,6| 8,6| 8,3| 53| 7,9(2846

Correlation of the extracted phosphorus with
soil pH, soil organic C and phosphorus in
timothy.

Soil pH appeared to be mote important in min-
eral soils than in organic soils for phosphorus
extractability (Table 2). The effect of soil organic
matter on extractability was significant only in
otganic soils. The correlation coefficients indi-
cate that from 8 to 21 9%, of variation in timothy
phosphorus content was explained by variation
in soil test values. The correlation coefficients
differed little between extraction methods
and the existing differences were not significant.

The calculation of logarithmic regressions in-
creased the values of the correlation coefficients
in most cases (Fig. 1).

(n=53)

CLAY SOILS

2 acet. P r = 0,37%X
" water P r = 0,38 XX
resin P r = 0,39%X

5 10 15 20
g/kg COARSE MINERAL SOILS (n=123)
3
a
2 aset. P r = 0,40%xx

water P r = 0,32 XXX
resin P r = 0,36 XXX

TIMOTHY

5 10 15 20

ORGANIC SOILS (a=58)

P r = 0,52 X*X

2 f aset.
woter P r = 0,54%X%X
resin P r = 0,46 XXX

5 10 i5 20
SOIL p mg/i

Fig. 1. The logarithmic regressions (y = a-+logx) be-

tween soil phosphorus test values and phosphorus

content of timothy. = acid ammonium acetate-P.
-------- = water-P and ----.. = resin-P.

Table 2. Linear correlations of soil pH, soil organic carbon and phosphotus content in timothy with soil phosphotus
determined by acid ammonium acetate, water or resin extraction (coefficients of log. cortelations in parentheses).

Clay soils Coarse mineral soils Organic soils
n =53 n =123 n=>58

pH —acid amm. acet. P......... 0,37%%* 0,39%+* —0,12
pH—water P ................. 0,33* 0,27*** —0,28*
pH—zresin P ...t 0,28* 0,22%%% —0,18
org. C —acid amm. acet. P ...... —0,20 —0,02 0,48%%*
org. C—water P............... —0,20 0,05 0,55%**
org. C—resinP ............... —0,20 0,13 0,45%**
Timothy P — acid amm. acet. P .. 0,28* (0,37*%) 0,35%*% (0,40%***) 0,39%*%  (0,52%*%)
Timothy P —water P .......... 0,29%  (0.38**) 0,39%¥* (0,32%**) 0,467%% (0,54%%%)
Timothy P—zresin P ........... 0,32%. (0,39%%) 0,39%%* (0,36***) 0,39%*  (0,46%*%)

4 1279030500
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DISCUSSION

The amount of soil phosphorus extracted with
acid ammonium acetate from the samples in the
heavy clay group was on average almost twice
the amount of 4,9 mg/litre soil determined in
a larger series of 40 samples (SterorA and TARES
1978). The differences in other soil groups in
comparison with the above study were smaller,
afd in the case of Carex peats the mean values
were almost identical, 14,4 and 14,6 mg/l,
respectively.

The mean phosphotus content of all samples
determined by water extraction was 5,3 mg/l.
This is much lower than contents determined
in Dutch soils which ranged from 3—33 mg/l
with an average of 15 mg/l (van der Pasuw
1971). With a different water extraction method
(1:40 soil-water ratio) much higher phosphorus
contents with a2 mean of 19 mg/l soil have been
obtained for 30 Finnish soils (Aura 1978 a).
These 30 soils were collected only from southern
Finland and heavily fertilized sugar beet fields
were also included.

No comparable results exist for the resin ex-
traction method. However, with a slightly differ-
ent resin extraction method, contents in the
same range as in the present study have been
repotted in Finnish soils (Aura 1978 a).

The methods used in this study extract a
relatively easily soluble phosphorus fraction
from soils. For example, the widely used ammo-
nium lactate method extracts 4 to 17 times
higher amounts than acid ammonium acetate
extraction from Finnish soils (BARKOFF and
OHLANDER 1967). The acid ammonium acetate
solubilizes iron and aluminium phosphates to
a very limited extent (VUorRiNEN and MAXITIE
1955). According to Munk and BArMaNN (1971)
the phosphorus contained in the water extract
includes no other important soil phosphorus
form than that in soil solution. In resin extraction

aluminjum and iron phosphates are dissolved
to some extent, but the limiting factor is the .

rate of diffusion of phosphate from the porous
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soil aggregates rather than the exchange of
phosphotus by resin (Aura 1978 b). Factors
determining the rate of desorption of phosphates
from soil to water face include the chemical
composition of the water face and the anionic
form of the resin. A somewhat closer correlation
has been found between phosphorus uptake and
phosphorus extracted by the bicarbonate form of
the resin rather than the chloride form which
was used in this study (SieBESEN 1978). The
basis for closer correlation is assumed to be
that the bicarbonate form of the resin produces
a similar environment in suspension to that
which growing plants create in the rizosphere.
The use of the bicarbonate form of the resin
might also have improved the results of the
present study.

A good propetty of the water extraction meth-
od has been claimed to be its non-sensitivity
towards vatiation in soil properties (van der
Paavw 1971). The correlation coefficients obtai-
ned between the results of the extraction meth-
ods and pH or organic carbon do not show
significant differences between methods in this
respect.

The yield increase is usually taken as a crite-
rion of crop response in judging the reliability
of a soil test method. However, the results of
the water extraction method have been claimed
to be in good correlation with the phosphorus
content of potato shoots (Ris and van Lurr
1973). Van der Paauvw (1971) reported that
wheat phosphorus content was .in better corre-
lation than wheat yield with soil phosphorus
extracted with water. In the present study no
yield data was available for timothy samples.
Therefore it is not possible to produce any
information in this respect.

In pot experiments where growth factors are,
under better control than in field experiments,
it is possible to obtain a high degree of explana—'
tion between soil test and crop response. As.
much as 80—90 9% of the variation in phos-



phorus contents or uptake can be accounted
for by the soil phosphorus test value in such
experiments (AurRA 19782, SiBsEsEn 1978).
Relatively good correlations are obtained even
in field experiments where a wide range in the
factor under investigation is arranged (Munk
and BArmann 1971).

Much lower coefficients of cottelation usually
result when sample material is collected from
farmers’ fields as was done in the present study
(SizranrAA and LaxkaNeN 1969, Kimirr and
Nissinen 1978). When the explained variation
ranged from 11.to 36 9, in the cases of significant
correlations the result cannot be regarded as

exceptionally low, especially when dealing with
phosphorus.

It may be concluded that no single method
studied proved to be significantly better than
the others in predicting the phosphorus content
in timothy. Evidently, it appears to be difficult
to develop a decisively better method, and this
may be due to the fact that there are very many
factors other than the soil phosphorus content
indicated by a test value which affect the uptake
of phosphorus and growth of plants. It is also
understandable that a quick test cannot suf-
ficiently describe the uptake of phosphorus by
a plant during a whole growing period with
variable weather conditions.
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- SELOSTUS

Happamalla ammoniumasetaatilla,. vedelld ja ioninvaihtohartsilla nutettujen:maan
fosforipitoisuuksien korrelointi timotein fosforipitoisuuden kanssa. . -

Jouko Srerora ja HAKAN JANSSON

Maatalouden tutkimuskeskus

Maan kasveille kiyttdkelpoisen fosforin mdirittimiseen
kiytettyjd menetelmii pyrittiin vertailemaan 234 maa- ja
kasvindyteparia kisittivin aineiston puitteissa. Aineisto
jakautui kolmeen savimaaluokkaan, neljadn karkean
kivenniismaan luokkaan ja kahteen eloperiisten maiden
luokkaan, joihin tuli 14—35 niyteparia kuhunkin. Uut-
tomenetelmini olivat Suomessa kiytossd oleva hapan
ammoniumasetaatti, Hollannissa kehitetty ja kiytetty
vesiuutto seki anioninvaihtohartsi, jonka rutiinikdytton
tuloa hidastaa muita hankalampi suoritus.

Hapan ammoniumasetaatti uutti kaikista nayttclsta‘

keskimiirin 8,3 mg fosforia litrasta maata, médrien vaih-
dellessa 0,9—81 mg/l. Vesi- ja hartsiuuttomenetelmit
antoivat tuloksiksi 5,3 ja 7,5 mg/l vaihteluvilien ollessa
vastaavasti 0—40 ja 0—66 mg/l. Hapan ammoniumase-
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taatti uutti fosforia karkeista kivenniismaista enemmin
kuin muut menetelmit. Hartsin savi- ja eloperiisistd
maista uuttamat fosforimaarit olivat muiden menetelmien
tuloksia suuremmat. Vesiuutolla saatiin kaikkein alhai-
simmat tulokset veden uuttaessa maasta’ vain- kaikkein
helppoliukoisimman fraktion.

Timotein fosforipitoisuuden ja kalkllla wuttomene-
telmilli saatujen maan fosforlpltmsuukslen vililld oli
varma riippuvuussuhde. Maa-analyysi selitti 8—21 %
timotein fosforipitoisuuden vaihtelusta.

" Varmaa eroa eri maa-analyysimenetelmien vililld ei
voitu todeta. Tulosten mukaan niyttid ilmeiseltd, ettd
millisn yksinkertaisella maa-analyysimeretelmalld ei voi-
da ennustia kasvien fosforin saantia kovin tarkkaan,
koska useat tekijit médrdvit kasvien ,f‘dsfq;in oton.
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HirxgA TAHTINEN

TAmriNeN, H. 1979. The effect of nitrogen fertilizer on the potaésium te-
" quirement of grassland for silage. Ann. Agric. Fenn. 18: 231—245, (Agric.’
Res. Centre, Inst. Agric. Chem. and Phys., SF-01300 Vantaa 30, Finland.)

Field experiments covering 2—3 years wete catried out to study the effect of
- nitrogen festilizer on the potassium fertilizer requirement of grass or of grass-
dominated silage leys. Twelve expetiments were conducted in various parts of
" Finland between latitudes 61 and 66°N. The crops were harvested twice at the
silage stage. Both cuts were treated with nitrogen (50, 100 or 200 kg/ha) and
potassium (50 or 100 kg/ha). Basic fertilizer containing phosphorus was spread
on the fields in spring each yeat.

Increasing the amount of nitrogen fertilizer used from 50 to 100 kg/ha/cut
produced an increase of around 25 % in the dry matter yield. The highest amount
of nitrogen fertilizer used produced 16 further increase in the yield, although
it increased the nitrogen content to the extent that the crude protein yield increased
by a further c. 25 %,. -

A plentiful supply of nitrogen fertilizer led to a considerable. 1educt10n in the

.amount of clover on clover-grass leys, Even the minimum amount of nitrogen
used (50 kg,’ha/cut) reduced the clover content of the stand. Increasing the amount
of potassium festilizer did not improve clover survival on grassland.

The difference in dry matter yield brought about by potassium was significantly
dependent upon the acid ammonium acetate-extractable potassium content of the
soil only when 100 kg/ha/cut or more of nitrogen fertilizer was used. In this
case an increase in the amount of potassium fertilizer used on soils with a low"
potassium content brought about an inctease in yield. The amount of potassium
fertilizer used did not significantly affect the crude protein yield.

Increasing the amount of potassium fettilizer used increased the potassium
content of the crop. This also applied to nitrogen fertilizer, providing the plants
had a sufficient supply of potassium. It was possible to prevent an increase in the
potassium content both by dividing the potassium between the crops from different
cuts and by laying greater emphasis on the use of potassium fertilizer on older
fields.

The acid ammonium acetate-extractable potassium content of the soil remained
virtually unchanged when 50 kg/ha/cut of nitrogen was used and increased slightly
for 100 kg/ha/cut of nitrogen when the N : K ratio was 1. Use of the maximum
amount of nitrogen (N : K = 2) caused a further increase in the potassium content
of the soil.

Index words: Nitrogen, potassium, grassland for silage.
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INTRODUCTION

A number of field experiments carried out in
Finland show that it is possible, using large
amounts of nitrogen fertilizet, to produce large
quantities of crude protein-rich fodder (Saro-
NEN et al. 1962, Jinrrr and KOyLijirvi 1964.
Hrvora et al. 1974).

There are, however, certain drawbacks to the
use of large amounts of nitrogen. Grass stands
often take up more potassium from the soil than
they requite for growth. The potassium content
of the fodder may even be high enough to cause
problems, especially in the eatly summer cuts
(MerA et al. 1977). Extensive use of nitrogen
fertilizer thus greatly reduces the potassium
reserves of the soil (Joy et al. 1973).

Some studies have shown that the use of large -

quantities of nitrogen fertilizer on the last cut

of the growing season on grasslands lowers the
water-soluble carbohydrate content of the roots
and stubble of the grass, and thins out the stand
the following spring (PALmasonN 1970, HuoxuNa
and Hrrvora 1974). Winter damage is common,
especially in northern Finland, where the need
for renewal of grasslands has become consider-
ably more urgent due to the increasing use of
fertilizers.

The aim of this study is to examine, using
a large amount of nitrogen fertilizer, the effect
of increasing the quantity of potassium fertilizer
on size and nutrient content of fresh fodder, and
to establish to what extent potassium fertilizer
can be used to prevent the detrimental effects
of large amounts of nitrogen fertilizer.

MATERIAL AND METHODS

The experimental seties comprises 12 experi-
mental fields on farmlands in various parts of
Finland. The sites are on various types of clay,
fine sand and Carex peat soils with different
nutritional contents (Table 1).

The experiments ate based on first or second-
year grass leys or grass-dominated leys. All
these were harvested twice since it is not usually
possible to harvest three times in northern
Finland. Harvesting was carried out at the silage
stage, i.e. at the stage of early heading of timothy
grass. In some of the experiments growth had
progressed slightly further. The growth level
of the stand was less uniform in the second cut
than in the first.

The treatments were three different nitrogen
levels: N, = 100, N, = 200 and N, = 400 kg/
ha/year with two potassium levels for each:
K, = 100 and K, = 200 kg/ha/year. Nitrogen
was applied in the form of ammonium nitrate
limestone (26 %, nitrogen and 2,7 %, magnesium)
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Table 1. The soils and the results of soil tests in different

experiments.
Trial . mg/l of soil Ratio
no- Soil PHm.0) c | x | P | Mg | M8
1| Loam ...... 7,2 |4640|252(89,6; 881 29
2 | Heavy clay .. | 53 [1900{158| 81/439| 0,4
3 | Silty clay ...} 6,6 [1975/272125,01115 2,4
4 | Sandy clay ..| 5,5 840| 98} 3,1|149| 0,7
5 | Carex peat ..| 5,6 [1240{118}13,2)292| 0,4
6 | Catex peat ..| 51 [1100| 66}26,1 931 0,7
7 | Finer fine san 6,2 |1270{200| 8,0y 41| 4,9
8 [ Silt ........ 58 |[1425] 98|13,7[180| 0,5
9 | Fine sand ...{ 5,9 610 92| 3,21 22} 4,2
10 | Fine sand ... | 5,8 |[1010] 78|12,6/181| 0,4
11 | Silty clay ...| 5,5 |[1075/12812,1]183} 0,7
12 | Carex peat ..| 5,0 [1560] 45| 8,8 390 0,1

and potassium in the form of potassium chloride
(50 9, potassium). Half the nitrogen and half
the potassium were topdressed at the beginning
of the growing season and the other half applied
immediately after the first cut. Basic treatment
with 70 kg/ha of superphosphate (8,7 %, phos-
phorus) was given to all the plots in spring for



the entire growing season. The experiment was
set up using four replicates with randomized
blocks. Eight of the experiments (1—8) were
continued in the same place for three years and
four experiments (9—12) for two years.

The botanical composition and dry matter
content of the crop were determined. The total
nitrogen and trace element contents of timothy
grass, and of meadow fescue (in experiment 3)
were determined. In the case of red clover, these
contents were determined only when the species
accounted for more than 5 9%, of the stand. The
crude protein content of the crops (6,25 x
nitrogen content) was calculated. The risk of
grass tetany due to the quality of fodder is

represented by the cation equivalent ratio K/
(Ca+-Mg).

Samples of the soil were taken before spreading
the fertilizers. The soil pHgy o, was deter-
mined, together with the nutrients extractable
into acid ammonium acetate according to Vuo-
RINEN and MAxrrie (1955; Kurkr et al. 1965)
(Table 1). At the end of the experimental period
the changes brought about in these values due
to the nitrogen and potassium fertilizers were
investigated in six experiments.

Variance, correlation and regression analyses
were used to test the significance of the results
at the 95 9, (*) and 99 9, (**) levels of proba-
bility.

RESULTS AND DISCUSSION

Dry matter yield

Increasing the amount of nitrogen used in the
experiments from 50 to 100 kg/ha/cut almost
without exception raised the yield in both cuts
(Table 2). The annual dry matter yield increased
on average by one quarter (Fig. 1). However, in
only a small number of experiments did raising
the amount of nitrogen from 100 to 200 kg/ha/
cut produce a significant increase in yield. Nitro-
gen fertilization had a pronounced effect also
in experiments 1 and 2, which contained large
amounts of red clover. This is in agreement
with the results of earlier studies (RaiNiNkoO
1968). The difference in yield due to the use
of different amounts of potassium fertilizer in
the present study was seldom significant. The
interaction between nitrogen and potassium
was significant only in some experiments.

Eazlier studies have shown that dividing the
nitrogen fertilizer between each cut greatly
increases the dry matter yield. Sharing the potas-
sium fertilizer, on the other hand, has no signif-
icant effect (MELA et al. 1977).

All the experiments in the present study
involved treatment with potassium fertilizer.

The average increase in yield brought about by
potassium varied, depending on the amount of

.acld ammonium acetate-extractable potassium

in the soil, only at the higher nitrogen levels
(tyy = -0,17, 1y, = -0,71% and 1y, = -0,67%).
The dependence of the effect of potassium on
the amount of nitrogen fertilizer used has also
been confirmed by Her~es (1978). Application
of 50 kgfhajcut of potassium (N:K=1) was
sufficient when small amounts of nitrogen fertil-
izer were used as well as with larger amounts
of nitrogen providing the soil had a reasonable
potassium content.

The magnesium content of the soil had no
significant contribution to clarifying the varia-
tions in the average differences in yield using
potassium. This was also found by KERANEN
and Tamro (1967) in their research. It should
be pointed out that the nitrogen fertilizer used
in both this and the present study contained
more magnesium than the crop took up. Despite
this, the average change in yield due to potas-
sium in the present study was just as dependent
on the ratio between the potassium and magne-
sium contents of soil (mg/l) (r = -0,69%) as on
the potassium content of soil alone (£ = -0,70%).
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Fig. 1. Annual effect of nitrogen and potassium fertilizers
on the dry matter yield (kg/ha) of silage grassland.

In some studies the K/Mg ratio was considered
a better measure of the potassium requirement
than the potassinm content of soil (Hamrmv
1973, HAiranp 1974), or else the ratio was
recommended for use as a test value alongside
the potassium content of soil (Jomansson and
Hanmrin 1977).

In the present experiments, using 100 or 200
kg/ha/cut of nitrogen usually produced a greater
average difference in yield for the different
amounts of potassium if the soil K/Mg ratio
was less than 1; on the other hand, there was
a fall in yield if the ratio exceeded 2 (ry, =
-0,71*% and ry, = -0,67*). For the lowest ni-
trogen level the dependence was not significant
(tyy = -0,04). Criticism of the suitability of the
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plant’s nutrient content as a measure of the
fertilizer requirement has been mainly on the
grounds that the nuttient content is greatly
dependent on the stage of development of the
plant. In addition, plant analyses often fail to
provide the necessary information for the fert-
ilizer to be used in time for the growing season
in question. The ratio between the potassium
and magnesium contents of timothy grass
provided a better indication of the need to in-
crease the amount of potassium fertilizer used
on this particular species (r = -0,81%*) than did
the plant’s potassium content (r = -0,48). The
contents of the first cut for 50 kgfhajcut of
potassium and 100 kg/ha/cut of nitrogen were
used in the compatison. Of the amounts of nitro-
gen used in the experiments 100 kg/ha/cut
corresponded most closely to the quantity used
in spring on Finnish grasslands. In these experi-
ments the potassium content was usually in
excess of 22 mg/g of dry matter, a value that is
considered sufficient for the formation of a heavy
yield. Since in the experiments discussed here
the magnesium was in the nitrogen fertilizer and
the need for potassium was linked with the
amount of nitrogen fertilizer used it was not
possible to determine precisely the significance
of magnesium for the plant’s uptake of potas-
sium.

Botanical composition

Most of the experiments were based on timothy-
grass dominated grass leys. Only in experiment
3 was the species cultivated meadow fescue.
Experiments 1 and 3 were the ones in which
the stand had the greatest amounts of red clover
(Table 3); expetiments 2 and 7 also contained
small amounts of this species.

The proportion of red clover diminished
markedly along with the cuts, and the larger
the amount of nitrogen fertilizer used, the greater
the decrease. This was accompanied by a marked
increase in the proportion of grass species (SALO-



Table 3. The effect of nitrogen and potassium fertilizers
on the red clover content (%) of the yield in expetiments

1 and 3.

:f;ial Year| Cut| NiK, | NJK, | NoK, | N,K, [ Ny, | N,K,
1 | 1}1]323]328]226] 185|265 | 20,1
21145 (17,5 | 26,0 | 15,1 | 18,8 | 17,7
2| 55| 32| 14| 16 09] 1,3
31| 04| 06| 02| 02| 01| 02
2 1,2 0,3 0,6 0,7 0,4 0,5
3 1111305 | 24,1 16,0 | 18,1 | 13,1 | 11,5
2188|193 | 82| 60| 63| 83
2111|100 12,3 4.4 3,3 1,5 1,2

2| 51| 94| 13| 10| o 0

311 0,2 0,3 0,1 0 0 0

2 3,94 1,4 0 0 0 0

NEN et al. 1962, RamNinko 1968). There was
a drastic reduction in the proportion of red
clover in the stand as early as the second cut
of the first year, since 50 kg/ha/cut of nitrogen
promoted the growth of grass species in the
stand and reduced the ability of red clover to
compete. The reduction in the proportion of
red clover was more marked in mixed stands
than in those containing purely red clover (Sa-
LONEN and Hivora 1963, RamNinko 1968,
Juren 1974).

In the present experiments potassium fertil-
izer had no significant effect on the composition
of the stand or on the survival of red clover on
grassland (cf. SALONEN and Tainio 1961, Her-
NES 1978).

Wintering of leys

A number of experiments showed injury to the
stands in spring in the second and third years
of the experiment. No precise stand estimates
were made to see how the stands had thinned
out. The extent of damage to stands increased
rapidly with increasing amounts of nitrogen.
Earlier studies have shown that while large

amounts of nitrogen fertilizer applied to the
last crop of the growing season increase growth,
they also lower the water-soluble carbohydrate
content of the roots and the stubble and reduce
the sward density the following spring (PArn-
MAsoN 1970 2, Huokuna and Huvora 1974,
Jonsson 1976). In view of this the height of
the stubble and the time of harvesting of the
final cut usually have a pronounced effect on
winter survival, especially in northern areas
(SvenssoN 1974). Cutting sufficiently eatly allows
the plant time to replenish its store of carbo-
hydrate, used up in the growth that has started,
before the arrival of winter. The detrimental
effect of having to postpone harvesting can be
allayed by cutting the stubble to a greater height
than normal. On the other hand, a shortage of
nitrogen may also adversely affect winter survival
(Jomssox 1976).

Potassium is considered to be an important
element in carbohydrate synthesis and accumu-
lation in plants. An increase in the plant’s sugar
content lowers the freezing point of the cells.
Thus in some experiments a plentiful supply
of potassium improved the plant’s physical
hardiness and resistance to damage by frost
(Apams and Twersky 1960, PArmason 1970).
However, the results obtained from experiments
carried out under different growing conditions
vary. In the present study the quantity of potas-
sium fertilizer used did not appear to have any
significant effect on the thinning of stands.

Nutrient content of the plants

Nutrient contents were determined from the
yields of each cut for each of the experiments.
The results of individual experiments concerning
the plant nutrient contents and uptake of nutri-
ents have been published in Finnish (TAmrTI-
NEN 1979).

The changes in the nutrient contents of the
crop brought about by the use of fertilizer
are similar to those obtained in eatlier studies
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carried out in Finland on grass and silage grass
leys, bearing in mind the fact that the present
study did not contain individual expetiments
completely without nitrogen or potassium fertil-
izet (SALONEN and TamNto 1961, SALONEN et al.
1962, SaroNeN and Hirvora 1963, MANTYLAHTI
and MARrJANEN 1971, RINNE et al. 1974, MELA
et al. 1977). In the following.the contents are
given in mg/g of dry matter. The nutrient con-
tents obtained for timothy grass and red clover
for different treatments show considerable varia-
tions from year to year and from one experi-
mental field to another.

In the following the figutes are examined
mainly with respect to the yield formation, with
patticular attention to variations in potassium
content of the crop. From the point of view of
feed for livestock it should be pointed out that
some of the nuttients are lost along with the
press juice of silage; on the other hand, mineral
supplements can be used to satisfy the mineral
requitements of animals.

Timothy

The nitrogen content of timothy increased
considerably and in direct proportion to the
amount of nitrogen fertilizer used; in the first
cut the average increase was 0,6 mg/g and in the
second cut 0,7 mg/g for each 10 kg of nitrogen
in the fertilizer. The corresponding figures
for the crude protein content were 3,8 and 4,4
mg/g. Use of potassium fertilizer did not usually
have any effect on the nitrogen content of the
forage. The interaction of potassium and nitro-
gen was significant in only one of the experi-
mental crops.

Only ratrely and under certain conditions has
extensive use of nitrogen fertilizer been shown
to increase the nitrate content to an undesirable
level (BaErUG 1977). Compared with the other
species of grass, timothy has the lowest nitrate
contents, and fluctuations in this level due to

238

the use of fertilizer are the least (BAEruG
1977 b).

In many cases the potassium content was much
higher than 20 mg/g. This is considered to be
a prerequisite for abundant growth in grasses
harvested at the silage stage (Baerue 1977).
The experiments thus exhibited luxurious con-
sumption of potassium. A much lower potas-
sium content is sufficient for dairy cattle (ANon.
1975) and one of the problems when using silage
is, in fact, too high a potassium content in the
forage compared with its magnesium content.
In the present experiments the potassium con-
tent increased markedly as the amount of potas-
sium fertilizer used increased. In the first crop
the average increase was 0,7 mg/g and in the
second 0,6 mg/g for each 10 kg of potassium
in the fertilizer. Harlier experiments have shown
the increase in the potassium content of grasses
to be directly propottional to the amount of
potassium fertilizer used on crops harvested as
hay (Saronen and TamNio 1961).

The potassium content of the yield depended
both on the potassium and nitrogen fertilizer
and on the duration of the experiment (Fig. 2).
The increase in potassium content which accom-
panied increases in the amount of nitrogen
fertilizer was greatest in the first experimental
year and was roughly the same for the different
amounts of potassium used. In the second year
the potassium content remained, on average,
the same, irrespective of the amount of nitrogen
fertilizer, and in the third year the potassium
content fell considerably as motre nitrogen fertil-
izer was used. The increase in the potassium
content brought about by nitrogen fertilizer
was also less marked in the third yeat, even for
the highest amount of potassium used. This
showed that the small amount of potassium was
no longer sufficient to satisfy the potassium con-
sumption brought about by large amounts of
nitrogen fertilizer, even though the plants began
to take large amounts of potassium from the
soil (see p. 241). This indicates that the need for
potassium fertilizer grows along with the age
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Fig. 2. Annual effect of nitrogen and potassium fertilizers
on the crude protein yield (kgfha) of silage grassland.

of the grassland. This was also found to be
the case in some other studies (HAranp 1974,
HEernNEs 1978).

If, in grassland cultivation, the aim is to
avoid, on the one hand, impoverishment of the
potassium in the soil and, on the other, unde-
sirably high potassium level in the forage, the
potassium fertilizer can be shared between the
various cuts and greater emphasis can be given
to applying the appropriate amounts of potas-
sium on older grasslands. This is of particular
relevance in notthern Finland, where the soil
often contains only small levels of potassium,
and were sowing usually takes place ley after
ley, in which case the large amounts of potas-
sium fertilizer necessary cannot be applied to
other plants of rotation. The use of large amounts

of potassium when establishing grasslands has
ptoved to be unfavourable (TArTINEN 1970).

The magnesium content of the crop of the
first cut was lower than that of the second one
and often below the level of 20 mg/g recom-
mended for dairy cattle. However, use of nitro-
gen fertilizer produced a clear increase in the
magmnesium level in both crops since the ammo-
nium nitrate limestone used in the experiments
contained 2,7 9, magnesium.. Increasing the
amount of potassium fertilizer lowered the
magnesium content of timothy grass.

The use of fertilizer had a slight effect on the
variation in calcium content at different experi-
mental sites. Nitrogen fertilizer slightly increased
the calsium content, whereas with potassium
fertilizer the content fell slightly on average in
the second cut.

A low feed magnesium content increases the
tisk of grass tetany in ruminants. Attempts have
been made to estimate this risk using various
ratios, e.g. K/(Cad4-Mg).
However, the threshold values for the risk vary
slightly from one study to another. The K/ (Ca-}-
Mg) ratio of the feed should be under 2,2 to
avoid the risk of grass tetany (Kemp and T°HART
1957). In the material presented here, the ratio
is above this in many of the experiments. The

cation equivalent

ratio was higher in the first crop than in the
second. Increasing the amount of nitrogen

Table 4. Average nutrient contents of timothy grass,
mg/g in dry matter, for the various treatments.

Significances 1)
N, K | Ny K[ NoK, [ N K| NGK | Ny K f—— oo
Ni- N1‘4]N2‘4|Kr2
Ist cut (n = 32)
N 22,0 21,9 26,1 25,4] 31,1| 32,1| #k | %ok | sk
K .... |33,1] 36,0| 34,0| 37,2| 33,3| 37,9 *%
Mg .. | 1,5] 1,5 1,8] 1,7] 2,1] 2,1 %% | x| %= | *x
Ca 3.9 3,9 4,2| 42| 4,9 4,8 *|[%x|**
P 3,6] 3,7| 3,8/ 3,8 3,9 4,0 *|**| *
2nd cut (n = 30)
N .... | 21,1] 21,0] 26,2] 26,6] 32,4| 30,8 ** | ** | **
K .... |31,2]33,1] 32,0] 35,5| 31,9| 35,2 5k
Mg .. | 18] 1,7] 22| 1,9 2,6] 2,3]%* | %k |k [ &x
Ca ... 49 47| 5,2{ 4,9 57 5,2 s | w0k | kk
P .... | 33| 3,3 3,5 3,5 3,6 3,5 %*|**

1) N X K-interaction is not significant.
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fertilizer reduced the ratio due to the magnesium
content of the fertilizer, whereas potassium
fertilizer raised the K/ (Ca+Mg) ratio signifi-
cantly. In individual experiments the difference
was more often significant in the second than
in the first crop (MANTYLAHTI 1975, cf. RINNE
et al. 1978). On farms where grass tetany has
been found to occur, animal feed should be
supplemented with magnesium-containing min-
eral feeds, and the amount of potassium fertil-
izer used on grasslands, and how it is divided,
should be studied. It is a good idea to use less
potassium at the start of grassland cultivation
than later on. If necessary, a sufficient supply
of magnesium and calcium can be provided
using dolomitic limestone when establishing
leys.

There was relatively little change in the phos-
phorus content of the crop due to the experi-
mental treatments used. In one or two expeti-
ments nitrogen fertilizer significantly increased
the phosphorus content, particularly in the first
cut. Increasing the amount of potassium fertilizer
on the other hand, did not have any significant
effect on the phosphorus content.

Red clover

In the few experiments where red clover was
present in the stand the amounts of nitrogen
and potassium fertilizer used had very little
effect on the plant nutrient contents of the clover.
Increasing the amount of nitrogen fertilizer
produced a slight increase in the first cut and
a drop in the potassium content, particularly
when large - amounts of nitrogen fertilizer were
used (cf. SaLoNEN and Hirvora 1963). The differ-
ences between the treatments were not signif-
icant.

Uptake of nutrients

Nitrogen fertilizer had a more pronounced
effect on the uptake of nitrogen, i.e. on the total
crude protein yield (Fig. 3), than on the dry
matter yield since the nitrogen content increased
greatly as the amount of nitrogen fertilizer in-
creased, even with the largest amount of ni-
trogen.

K %
4.0 o7
S ”
//
,f"'KZ K] ”’_._—-——Kz
”~
//
z \
3.0 - %
% L 1 1 1 ! ! 1 I 1
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Fig. 3. Average effect of nitrogen and potassium fertilizers on potassium content of
the dry matter from the first cut of timothy grass in various expetimental years. Fertilizer
per cut (kg/ha): N; = 50, N, = 100, N, = 200; X, = 50, K, = 100.



Table 5. Average nutrient contents of red clover,
mgfg in dry matter, for the various treatments.
N;K; l N;K, | NoK, | NK, | NeKy I NiK,
1st cut (n =7)
N....... 26,9 | 27,8 | 28,0 | 27,2 | 30,5 | 32,5
K....... 34,1 1 36,3 | 34,7 | 348 | 28,6 | 26,6
Mg ..... 31 3,3 3,0 3,3 3,3 3,2
Ca ...... 11,1 | 1,6 | 11,3 | 11,4 | 10,7 | 11,2
P ....... 2,8 2,9 2,7 2,8 3,0 2,9
2nd cut (n = 4)
N....... 27,7 | 27,5 | 27,6 | 283 | 30,0 | 27,9
K....... 31,5 | 32,51 31,3 | 34,0 | 30,4 | 31,2
Mg ..... 3,4 3,6 3,7 3,6 3,7 3,4
Ca ...... 11,4 | 12,1 | 11,2 | 11,6 | 10,1 | 10,2
P ... 2,3 2,4 2,4 2,4 2,4 2,3

The average crude protein yield obtained with
100 kg/ha of nitrogen increased c. 1,3 fold in
the first cut compared with that obtained with
50 kg/ha, and with 200 kg of nitrogen the yield
increased 1,7 fold. In the second cut the average
increase in crude protein yield was almost double.
The average relative values for the crude protein
yields were 100 (N,), 147 (N,) and 184 (N,). The
average uptakes of nitrogen per kilogram of nit-
rogen in the fertilizer were 1,2, 0,9 and 0,5 kg per
hectare. A decrease in the utilization of nitrogen
as the amount of nitrogen fertilizer increases has
also been shown in earlier studies (SALONEN et
al. 1962, Ramiunko 1968, RINNE et al. 1974).

Potassium fertilizer had no significant effect
on the uptake of nitrogen. The potassium con-
tent of the soil had a less significant effect on
the uptake of nitrogen than it did on the dry
matter yield. The dependence of the effect of
potassium on the soil potassium content was
less noticeable in the crude protein yield than
in the dry matter yield (1 = -0,09, 1y, =
-0,64* and 1y, = -0,37, cf. p. 238).

The propotrtion of ted clover in the ley stand
generally has a marked effect on the uptake of
nitrogen by the crop and thus also on the crude
ptotein yield. In this study, the N;K; plot in
expetiment 3 contained 32 9, red clover in the
first year. In this case ted clover accounted for
almost half of the ctude protein yield. The
proportion of red clover decreased considerably

with increasing age of the ley and with increasing
amounts of nitrogen fertilizer. The. percentage
increase in crude protein yield attained with the
use of nitrogen fertilizer thus rose considerably
in the following experimental years. Little crude
protein was obtained with the small amount of
nitrogen, especially in the third year of the
experiment. The crude protein yields and ratios
in experiment 3 are as follows:

Crude protein yield kg/ha Ratio
N; N, N, N, N, N,

1st year 513 655 892 100 128 174
920 1413 1967 100 154 214
764 1033 100 210 284

2nd year
3rd year 363

The same increasing trend due to nitrogen fertil-
izer over the years was observed in experiment
1, in which red clover accounted for 30 %, of
the stand, despite the incomplete data on yields
in this experiment.

In the three-year experiments (experiments
4—38), in which the stands contained no red
clover whatsoever, use of nitrogen fertilizer
caused a yearly increase in the crude protein
yield. The effect on the amount of crude protein
obtained was gteatest in the first year:

Crude protein yield kgfha Ratio
N, N, N N, N N,

1st year 692 1079 1413 100 156 204
2nd year 761 1145 1371 100 150 180
3¢d year 851 1271 1537 100 149 181

According to EBBERSTEN (1974), the proportion
of clovet in mixed clover-grass stands tends to
decrease, and this means that the effect of nitro-
gen on the crude protein yield becomes more
noticeable along with the increasing age of the
grassland and the number of harvests. This
disappearance of clover from grasslands with
a high clover content drastically reduces the
crude protein yield.

The uptake of potassium varied considerably,
patticularly as the amount of nitrogen used

241



Table 6. Average uptake of nutrients, kg/hajyear, for the various experimental treatments.

Treatments Significances 1)

NK, | NKs | Ny | NKe | Ny | NKe | New [ Ny [ N | Kon

K-uptake ................ 181,2 201,4 230,9 257,6 226,9 262,1 Fx *x *k

Mg-uptake .............. 9,2 9,0 13,8 12,5 16,2 15,6 *k *k *k *
Ca-uptake ............... 24,5 24,5 33,7 32,6 38,0 37,2 *x *k *%
P-uptake ................ 19,2 19,8 25,1 25,5 26,3 26,8 *k *k *

1) N K-interaction is not significant.

varied (Table 6). While raising the amount of
nitrogen from 50 to 100 kg/ha significantly
increased the size of the crop it also resulted
in an increase of 53 kg/ha in the average uptake
of potassium during the growing season. The
uptake of potassium did not increase from this
figure when the highest amount of nitrogen
was used. In several expetriments with the small
amount of nitrogen fertilizer was used, the uptake
of potassium was greater than the amount of
potassium supplied in the fertilizer, even for the
smaller amount of potassium fertilizer. The
tendency of potassium fertilizer to increase the
potassium yield was significant in many of the
experiments and was mainly due to the corre-
sponding increase in the potassium content of
experiments and was mainly due to the corres-
ponding increase in the potassium content of
the crop. The average uptake of potassium
during the growing season increased by 30 kg/ha
when the amount of potassium used was raised.
When the smaller of the two amounts of potas-
sium fertilizer was used the average potassium
yield was twice as high as the amount of potas-
sium supplied in the fertilizer.

Use of nitrogen fertilizer had a relatively
marked effect on the uptake of magnesium. The
average magnesium yields for the three amounts
of nitrogen were 9,1, 13,1 and 15,8 kg/ha/year,
respectively. The uptake of magnesium by the
stand was smaller than the amount of magne-
sium contained in the nitrogen fertilizer. The
effect of nitrogen fertilizer on the uptake of
magnesium, especially in the first year, was
greater the higher the soil magnesium content.
Increasing the amount of potassium used re-
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duced the uptake of magnesium, especially in the
first crop.

Nitrogen fertilizer also increased the uptake
of calcium (cf. RINNE et al. 1974), although in
individual expetiments the difference was seldom
significant.

Nitrogen fertilizer also increased the uptake
of phosphorus, both in terms of phosphorus
yvield and phosphorus content. The average
uptakes of phosphorus from the soil by the
first cut were 19,3, 25,2 and 26,3 kg/ha.

Effect of fertilizer on the soil

At the end of the experimental period the pH
values and nutrient contents of the topsoil in
six experiments were analysed for each of the
experimental plots (Table 7). The experimental
treatments had no significant effect on the soil
acidity, with the exception of experiments 8 and
10, in which the pH fell as the amount of nitro-
gen fertilizer increased. Nitrogen fertilizer has
also been shown to increase soil acidity in
previous studies (SrrraneiA and RiNNe 1975).

The various treatments had their most marked
effect on the ammonium acetate-extractable
potassium content of the soil. The greatest
significant effect was obtained with potassium
fertilizer. Potassium fertilizer significantly in-
creased the soil potassium content, even when
this value was initially good. The average in-
crease in potassium content was 55 mg/l. Nitro-
gen festilizer generally lowered the soil potas-
sium content. According to earlier studies this



Table 7. Effect of nitrogen and potassium fertilizers on
the pH value and nutrient contents of the soil at the
.end of the experimental period (6 expetiments).

Significances

;r,f,':al NK, | NK, | MoK, | NoK. | MoK, | NGK, |——— ———
N | K lN_xK
pH
1| 74] 74| 74| 74| 73| 173
3| 65| 66| 64| 65| 64| 65
5 511 52|.49| 51| 49| 4,9
6 50| 5,1 50| 5,1 50( 4,9
8 | 56| 56| 55| 54| 51| 51|**
10 | 54| 58| 54| 53| 52| 5.2]*
. Ca mg/l
1 [4825[4650 |4 675 |4 625 |4 700 |4 265
3 |1825|1850(1775(1850]|1740|1875
5 113001290 |1250]1225|1165|1165] *
6 (1390153015151 450 (13751230 *
8 [1375(1390 (1400 (139012001025
10 |1 21'5 1315 (1165|1165 {1200 |1 190
. K mg/l
1 243 310| 268] 265| 263]| 339 *
3 240 318 213 | 264 | 165| 216 |** | **
5 108 | 155 98| 143 951 153 *k
6 100| 164 80| 153 63| 138 Fok
8 95| 143 100 133} 113| 148 Fk
10. 70| 168 46 80 54 [ 104 | %% | **
Mg mg/l
1 88 84 89 77 92 81
3 132 138 133 150 | 144 | 147
5 242 228 215| 197 172| 172 |**
6 105| 136 110 112| 129| 119
8 141| 140 156 150} 141| 119
10 198 180{ 195 198| 168| 190
P mgjl
1 90,21 92,0 96,0 86,5 90,7 |101,2
3 | 26,1] 30,3 | 25.6{ 26,1} 23,3| 25.3
5 | 165] 1561 19.8| 18.4| 19.2] 16,8
6 | 33,7| 35,8( 39,0| 35,8| 39,5| 41,6
8 | 31.0| 26,3| 254 | 27.2| 29,5 26,0
10 14,2 21,8 154 14,6 16,8 | 16,1

reduction in the soil potassium content is smaller
if the potassium fertilizer is divided between
each crop than if it is applied in one lot in the
spring (LyngsTaD and EiNevorr 1967, PErto-
MAA et al. 1979). In these present studies the soil
potassium content remained unchanged when
the smallest amounts of potassium and nitrogen
were used (N:K = 1:1), irrespective of the fact
that the amount of potassium given in the form
of fertilizer was, on average, 65 kg less than
that taken up from the soil by the crop in the

6 1279030500

growing season. When a larger amount of nitro-
gen was used the same amount of potassium
slightly reduced the content of acid ammonium
acetate-extractable potassium. In this study the
smaller amount of  potassium in .relation to
the nitrogen applied was sufficient to maintain
the acid ammonium acetate-extractable potas-
sium content of the soil when a larger amount
of nitrogen fertilizer was used. With 100 kg/ha/
cut of nitrogen the potassium content of the
soil increased slightly when the N:K ratio was
1. With 200 kg/ha/cut of nitrogen the soil potas-
sium content rose even with an N:K ratio of 2.
The uptake of potassium and the acid ammonium
acetate-extractable potassium content of the soil
were highest in experiment 3, even though this
experiment was carried out on a clay soil whose
potassium content was satisfactory. According
to Joy et al. (1973) grassland plant species take
up the resetves of potassium from below the
topsoil layer, in addition to the less soluble
potassium from the soil. In this study, large
amounts of nitrogen fertilizer frequently meant
that the N:K ratio had to be small in order, to
maintain the soil potassium level.

Only in experiment 5 did the use of nitrogen
fertilizer have a significant effect on the magne-
sium content of the soil. The magnesium level
fell slightly as the amount of nitrogen fertilizer
increased, despite the fact that the ammonium
nitrate limestone added mote magnesium to the
soil than was taken up by the crop. The use of
potassium fertilizer had no significant effect on
the magnesium content.

The treatments had no effect on the soil phos-
phorus content.

Nitrogen had significant effects on the soil
potassium level in experiment 5 (negative) and
in experiment 6 (positive).

The combined effect of potassium and nitro-
gen fertilizer was not significant in any of the
soil analysis results; in other words, the effect
of these nutrients did not depend on the amount
of the other nutrient used.
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SELOSTUS

Typpilannoituksen vaikutus sdilérehunurmen kaliumin tarpeeseen

Hioxxa TARTINEN

Maatalouden tutkimuskeskus

Typpilannoituksen vaikutusta kaliumlannoituksen tat-
peeseen heindkasvinurmilla tai heinikasvivaltaisilla sdils-
rehunurmilla tutkittiin 2—3 vuotta jatkuneissa kentti-
kokeissa. Nami kaksitoista koetta sijoitettiin eri puolille
Suomea 61 ja 66 leveyspiirin vilille. Sato korjattiin kasvu-
kautena kahteen kertaan. Molemmille sadoille annettiin
typped 50, 100 tai 200 kg/ha ja kaliumia 50 tai 100 kg/ha.
Fosforialuslannoitus annettiin vuosittain kevailla.

Typpilannoituksen lisidminen 50 kg:sta 100 kgraan
nosti kuiva-ainesatoa noin neljinnekselli. Suurin typpi-
lannoitus ei endd lisinnyt sadon midrdd, mutta sadon
typpipitoisuutta se kohotti niin voimakkaasti, ettd raaka-
valkuaissato lisddntyi vield noin 25 %,.

Runsas typpilannoitus alensi apila-heindkasvinurmen
apilapitoisuutta voimakkaasti. Pienimmilld typpimaarilla-
kddn, 50 kg/ha, ei apila sdilynyt kasvustossa. Kaliumlan-
noitusta lisidmilli ei voitu parantaa apilan siilymistd
nurmissa. ’

Kaliumilla saatu satoero riippui metkitsevisti maan
kaliumin pitoisuudesta vain kiytettdessi 100 kg/ha/niitto
tai enemmin typpilannoitusta., Tilloin vihin kaliumia
sisdltivilli mailla kaliumlannoituksen lisdys nosti satoa.
Kaliumlannoituksen midrilli ei ollut merkitsevad vai-
kutusta raakavalkuaissadon suuruuteen.

Kaliumlannoituksen lisiys nosti sadon kaliumpitoi-
suutta. Samoin typpilannoitus, mikili kasvien kédytettd-
vissd oli tiittdvisti kaliumia. Kaliumpitoisuuden nousua
voitiin ehkiistd paitsi jaottamalla kalium eri niittokerto-
jen sadoille my&s painottamalla kaliumlannoitus voi-
makkaimpana vanhemmille nurmille.

Maan helppoliukoisen kaliumin pitoisuus siilyi suun-
nilleen ennallaan kiytettiessi typped 50 kg/ha/niitto ja
nosti hieman pitoisuutta typpitasolla 100 kgfha/niitto,
kun lannoituksessa suhde N:K=1. Voimakkaimmalla
typpilannoituksella maan kaliumpitoisuus nousi’ vield
N:K=2.
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AMINO ACID-COMPOSITION OF TIMOTHY, MEADOW FESCUE, COCKSFOOT AND
PERENNIAL RYEGRASS AT TWO LEVELS OF NITROGEN FERTILIZATION AND AT
SUCCESSIVE CUTTINGS

TiMmo MEernas and HeErMANN RanD

Mera, T. & Ranp, H. Amino acid composition of timothy, meadow fescue,
cocksfoot and perennial ryegrass at two levels of nitrogen fertilization and
at successive cuttings. Ann. Agric: Fenn. 18: 246—251. (Agric. Res. Centre,
Inst. Plant Husb. SF-31600 Jokioinen, Finland.)

In experiments conducted in 1974 and 1975 the content of several amino acids
in the spring growth of grass depended significantly on the stage of growth. As
the grass aged, decreases occurred in dspartic acid, glutamic acid, alanine, tyrosine
and phenylalanine, whereas increases were noted in threonine, serine and proline.
The changes in the content of these amino acids during 10 days were 2,4—7,8 %,
Amino acids that remained unchanged duting the growth of the grass were lysine,
histidine, arginine, glycine, valine, methionine, isoleucine and leucine. The total
content of amino acids did not change significantly. An increase of the nitrogen
fertilization from 50 to 100 kg/ha increased the aspartic acid content but did not
affect the other amino acids. The amino acid composition did not differ significantly
between timothy, meadow fescue, cocksfoot and perennial tyegrass.

Index words: Amino acid composition, protein quality, growth stage, date of
cutting, nitrogen fertilization.

INTRODUCTION

During the last decade nitrogen fertilization of sition. As rather little information is available on
grass has increased, but doubts have been ex- this subject and on the influence of the growth
pressed;. about the quality of the additional stage of the grass on the quality of herbage, the
proteif obtained. It has often been suggested present study was undertaken to widen the know-
that nitrogen fertilization weakens the quality of ledge in this field.

the protein by changing its amino acid compo-

MATERIAL AND METHODS
In 1974 an& 1975 a field experiment was con-  (60°N), to study possible changes in quality with

ducted at the Institute of Plant Husbandry, the date of cutting. Four successive cuts were
Agricultural ~ Research  Centre, Tikkurila taken during the spring harvest at the same
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stages of development in the two years. The
first cut was taken when the tillers had 2—3
leaves, the second when they had 3—4 leaves,
the third when the first panicles became visible,
the fourth when all the panicles had emerged
from the sheath. The dates of the cuttings were
June 4, 11, 19 and July 3 in 1974, and May 22,
June 2, 12 and 23 in 1975. There were two levels
of nitrogen fértilization, 50 and 100 kg/ha.

Samplcs'of herbage were chopped, dried at
60°C 2nd ground. According to the studies of
KaLpy et al. (1979), amino acid analysis gave
satisfactory results when samples of herbage
were dried at 70°C. In the present study the
amino acid analyses wete made with automatic
Hd 1200 E amino acid analyzer by the Estonian
Rescarch Institute of Agriculture and Land
Improvement, Saku.

The statistical analysis of the results was per-

formed by the Computing Service of the Agri-
cultural Research Centre The methods of regres-
sion and covariance ana1y51s were mainly accor-
ding to the principles of SNEDECOR and CocH-
rAN (1967). All the results were tested for their
regression on the date of cutting. Comparison
of the regression coefficients for the two years
justified the assumption that the slopes of the
regression lines did not differ, and that the
results for the two years could be pooled.
Yeatly results did not differ significantly when
they were compared at the same stage of. growth.
The equality of the slopes of the regression lines
for the different levels of nitrogen fertilization
and the different grass species on ‘the cotre-
sponding dates of cutting was alse tested before
the results were combined.
The means were compared by Tukey’s test.

RESULTS

Table 1. Average amino acid content (% in protein) of
grass at different times of cutting.

! First All

R . 2—3 leaves|2—3 leaves| papicles | panicles
Amino acid in tillers | in tillers Yisible emerged
(=14 | @=16 | (n —16) | (a = 16)

Lysine ......... 5,43 5,49 5,40 5,37
Histidine ....... 2,05 2,10 2,19 2,11
Arginine ....... 4,98 4,71 4,66 4,90
Aspartic ....... 8,60 7,84 7,73 7,63
Threonine ..... 3,87 3,68 3,98 4,60
Serine ......... 3,25 3,41 3,59 4,00
Glutamic . ...... 11,70 11,85 10,65 10,17
Proline ........ 4,66 5,44 5,86 5,77
Glycine ........ 4,29 4,28 4,34 4,20
Alanine ........ 6,47 6,70 6,70 5,95
Valine ......... 4,87 4,58 4,85 4,70
Methionine . .... 1,39 1,51 1,53 1,24
Isoleucine ...... 3,34 3,27 3,45 3,26
Leucine ........ 6,56 6,55 6,49 6,51
Tyrosine ....... 2,90 3,09 2,55 2,24
Phenylalanine ... 4,40 4,08 4,07 3,71
Total | 78,76 78,58 77,86 76,36

Date of cutting

Table 1 shows the amino acid contents of the
grass at different stages of growth. The values
are the means of the results for both years, all

four species ‘and both levels of mtrogen fertlh-
zation.

The contents of a few amino acids may be
seen to change during the development of the
grass. The total content of the amino acids deter-
mined in the analysis also decreased from stage
to stage. Regression analysis (Table 2) shows
that the results of most of the amino acids ana-
lysed fit the regfession line well. Curvilinear
parabolic regression was not found to fit'any
better than linear regression.

" According to the F-values of covariance
analysis, the content of several amino acids
depegds significantly on the stage of growth.
The contents of aspartic acid, glutamic acid,
alanine, tyrosine and phenylalanine decreased
with the age of the grass, whereas the contents of
threonine, serine and proline increased. The
changes in these amino acids during 10 days
wete 2,4—7,8%. Between the first and the
fourth cut, a period of 29 days in 1974 and 32
days in 1975, marked changes occutred in the
contents. The date of cutting did not have a
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Table 2. Analysis of regression of amino acid content in grass on day of cutting

Amino acid Regression equation Multlgcl’:fggir::'l:anon Covarllza_x:;?uzxsmlysls
LYSINE tuveeeneianineeanns y= 553—0,004 x 0,711 %%+ 0,98  (1,59)
Histidine ................... y = 2,084-0,001 x 0,485%** 0,31 1,59)
Arginine ............o.o.... y = 4,85—0,002 x 0,099 0,12 (1.59)
Aspartic c.vviiiiin i y = 8,71—0,034 x 0,402%% 6,48*  (1,59)
Threonine ................. y = 3,46+0,025 x 0,367* 8,30**  (1,59)
SELINE v evneneneee et ¥ = 30440023 x 0,475%%% 17,14%*% (1,59)
Glutamic .......ccouviinnn. y = 12,35—0,057 x 0,390%* 10,34**  (1,59)
Proline .....oovvvvviinen, y = 4,6540,035 x 0,416** 12,03*** (1,59)
GIYCINe ©vveonneonnnsns v = 433—0,002 x 0,161 0.47 (1,59
Alanine ........ ...l y= 6,86—0,017 x 0,393%* 5,78  (1,59)
Valine ......oviiiiiiiint. y = 4,73—0,0001 x 0,775%** 0,00 (1,59)
Methionine ................. y = 1,2840,007 x 0,435%* 0,75 (1,59)
Isoleucine ...........c....... y = 3,31—0,0003 x 0,725%** 0,00 (1,59)
Leucine .......oooiiiiiiitn y = 6,56—0,001 x 0,346%* 0,10 (1,59)
Tytosine ........cccovnuenn. y = 3,20—0,025 x 0,661%%* 17,95%%* (1,59)
Phenylalanine ............... vy = 4,50—0,020 x 0,515%%* 11,63**  (1,59)
Total amino acids ........... y = 79,68—0,082 x 0,320%* 2,06 1,59)

Table 3. Content of amino acids in spring growth of

significant effect on the contents of lysine, histi- : s 1 X -
grass at two levels of nitrogen fertilization (% in protein).

dine, arginine, glycine, valine, methionine, iso-

leucine or Ieucine.. The . change in the total L . .. (nSO: 1\312) } 100 %) Average
content of the amino acids analyzed was not

significant. Lysine ............ 5,45 5,39 5,42
Histidine .......... 2,13 2,09 2,11
Arginine .......... 4,89 4,75 4,80
Aspartic . .......... 7,571) 8,321 7,94
Thteonine ......... 4,15 3,91 4,03
Nitrogen fertilization Serine ............ 3,65 3,50 3,57
Glutamic .......... 11,05 11,10 11,07
. . Proline ............ 5,48 5,44 5,46
According to regression and covariance ana-~ Glycine ........... 4,26 4,30 4,28
: : : : Alanine ........... 6,45 6,46 6,45
lysis, Wlth.all but 'one (?f t.he amino acids, the Valine . .0 469 481 475
contents did not differ significantly between the  Methionine ........ 1,37 1,58 1,47
. TR Isoleucine ......... 3,35 3,31 3,33
two levels . of nitrogen .fern!lzatlon (Table- 3). Leucive . 6.63 642 652
The exception was aspartic acid. The regressions  Tyrosine .......... 2,73 2,54 2,63
of the aspartic acid content on the date of cutting Phenylalanige ... .. 4,10 4,01 4,05
at nitrogen fertilization rates of 50 and 100 kg/ha Total amino acids | 77,91 77,93 77,88

are as follows:

1) values differ signiﬁc.antly (P< 5 %) according to covariance nnalysié

Re. : Multiple Covariance analysis (F-values)
N kg/ha cqg::tsis(:zn correlation Date of N fertiliza-
coefficient cutting tion
50 ..... v = 7,90—0,015x 0,242 0,91 (1,29) 7,66%* (1,58)
100 ..... y = 9,72—0,059x 0,605%*x 9,48%* (1,27)
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The values in Table 3 are the means of the results
for both yeats, all fous species of grass and all
fout dates of cutting.

Table 4. Content of amino acids (% in protein) in spring

growth of four grass species. According to covariance

analysis the species did not differ significantly in their
amino acid content during their growth. :

: Mead Pérennial

Amino acid '(Ix"m;otlk;)y; G rf:icu:e:; ((Zscist;oso)t (rrgzrcin;%)

. ’ Lysine ......... 5,47 5,30 5,56 5,37

Grass species Histidine . ...... 2,06 | 206 | 220 | 214

Arginine ....... 4,71 4,73 5,03 4,76

: . . Aspattic ....... 8,12 7,72 8,01 7,86

W-hen._the regression of t-he diffetent amino Threonine . . .. .. 3,93 387 433 402

acids on the date of cutting were compared Serine ......... 3,50 3,52 3,65 3,63

) . - Glutamic . .. .. .. 10,30 | 11,23 | 11,19 | 11,59

th.WCC'n the four grass spc?,clels, covar{ance ana- po 5.05 543 5730 6,05

lysis did not reveal any significant differences, Glycine ........ 4,21 421 4,43 4,26

. e Alanine ........ 660 | 639 | 656 | 626

al'fhough the d1ﬂ”efences in 'the means can 'bc Valine ... 459 4755 500 4385

fairly marked, for instance those of the proline  Methionine ... .. 1,31 1,37 1,89 1,34

. . Isoleucine ...... 3,24 3,31 3,40 3,37

content of timothy .and perennial ryegrass LTt 6.2 6,40 673 670

(Table 4). The values in Table 4 are the means Tyrosine ...... 2,67 2,49 2,75 2,65

of the results for both years, all four dates of Phenylalanine ... | 3,96 4,08 421 3,99

cutting and both levels of nitrogen fertilization. Total | 76,08 | 76,70 | 79,91 | 78,90
DISCUSSION

The amino acid composition of grass observed
in the present study corresponds to the patterns
mentioned in the literature (Wirsox and TILLEY
1965, Goswami and Wincox 1969, CHIBNALL
et al. 1965, Trevivo and HerNANDEz 1977,
Karpy et al. 1979). Nevertheless, the differ-
ences between the present results and those of
other workers are greater than those between
the different grass species in the present study.
In his review LyrrreToN (1973) also remarked
that there is considerably more differences be-
tween the analyses produced by different labora-
tories for one plant than between different plants
analyzed in the same laboratory. One reason is
differences in the analytical methods; another
possible reason, suggested by the present results,
is differences in the growth stage of the grass
at the time of sampling.

The amino acid composition reported for
alfalfa (Treviko and HERNANDEZ 1977, KALDY
et al. 1979) is surptisingly similar to that of the

grasses in the present study. The greatest
difference is that in the content of aspartic acid,
which is several percentage units higher in
alfalfa than in grass herbage.

The results of the present study indicate that
suspicions about the unfavourable influence of
nitrogen fertilization on the amino acid compo-
sition of grass have been groundless. A twofold
increase in nitrogen fertilization failed to change
the amino acid composition of the grass. Gos-
waMmr and Wirrcox (1969) have come to the
same conclusion.

Previous results concerning the effect of the
date of cutting on the amino acid composition
of grass vary somewhat. According to WAITE
et al. (1953) and Hopacson (1964), the amino
acid composition of the protein does not alter
as the grass ages. TREVINO and HERNANDEZ
(1977) report a slight decrease in the amino acid
content of grass during development. Accord-
ing to the statistical analysis of the results of
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the present study significant decreases and in-
cteases occur in the contents of some amino
acids. .

It may be noted that both the protein and

. N kg/ha Average

of results

Regression
equation

In dry matter

50 ... 10,78
100 ... 12,90

y = 17,33—0,297x
y = 21,60—0,377x

amino acid contents of the dry matter. of grass
depend strongly on nitrogen fertilization, as is
evident from the following results of regression
analysis:

Covariance analysis (F-values)

Date of N fertiliza-
cutting tion

230,53%%* (1,29)

46,13%%F (1,58)
261,46%%% (1,27) S

If the amino acid yields were calculated, they

would be found to change in the same manner -

as the protein yields.
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SELOSTUS

Typpilannoituksen ja niittoajan vaikutus timotein, nurminadan, koiranheinin
ja monivuotisen raiheinin valkuaisen aminohappokoostumukseen

TiMo MELaA ja HERMANN RAND

Maatalouden tutkimuskeskus ja Eestin Maanviljelyk-
sen ja Maanparannuksen tutkimuslaitos

Maatalouden tutkimuskeskuksen kasvinviljelylaitoksen
koekentilld vuosina 1974 ja 1975 suoritetunista sdildrehu-
nurmen kotjuuaikakokeista miiritettiin Eestin Maan-
viljelyksen ja Maanparannuksen Tutkimuslaitoksessa
Sakussa 16 aminohapon pitoisuus. Niytteet edustivat
timotein, nurminadan, koiranheinin ja monivuotisen
raiheinin kevitsadon neljdd eri kehitysastetta: 1) versoissa
2—3 lehted, 2) vetsoissa 3—4 lehted, 3) ensimmiiset
tihkit ja r8yhyt puhkeamassa tupesta, 4) kaikki tihkat
ja royhyt tdysin puhjenneet tupesta. Typpilannoitusta-
soja oli kaksi, 50 ja 100 kg/ha. Maatalouden tutkimus-
keskuksen ‘ laskentatoimistossa suoritettiin mdiritystu-
losten tilastollinen analyysi. Tulosten mukaan useiden
aminohappojen pitoisuus riippui tilastollisesti merkit-
sevisti ruohon kehitysasteesta. Ruohon vanhetessa
asparagiinihapon, glutamiinihapon, alaniinin, tyrosiinin
ja fenyylialaniinin pitoisuus valkuaisessa pieneni, treo-
niinin, seriinin ja proliinin pitoisuus taas suutreni. 10

7 1279030500

piivin aikana niiden aminohappojen pitoisuus muuttui
2,4—7,8 %,. Valkuaisen lysiinin, histidiinin, arginiinin,
glysiinin, valiinin, metioniinin, isoleusiinin ja leusiinin
pitoisuus pysyi muuttumattomana ruohon vanhetessa,
samoin myds valkuaisen aminohappojen kokonaispitoi-
suus.

Heinilajit eivdt poikenneet aminohappokoostumuk-
seltaan toisistaan. Typpilannoituksen lisdys 50 kg:sta
100 kg:aan hehtaarille suurensi vain asparagiinihapon
pitoisuutta, mutta ei vaikuttanut muiden aminohappojen
pitoisuuteen. Runsas typpilannoitus ei siis nidyttinyt
aiheuttavan epidedullisia muutoksia ruohon aminohappo-
koostumuksessa, kuten usein on epiilty tapahtuvan.

Tuloksia tarkasteltaessa on huomattava, etti vaikka
typpilannoituksen lisdys ei juuri vaikuta ruohon valkuai-
sen aminohappokoostumukseen, ruohon kuiva-aineen
valkuaisen ja aminohappojen pitoisuutta ja mddrdd se
lisdd voimakkaasti.
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MINERAL CONTENT IN HEAVILY NITROGEN FERTILIZED GRASS AND ITS SILAGE

Erst Errara and Varru Kossina

Errava, E & Kossita, V. 1979. Mineral content in heavily nitrogen fertil-
ized grass and its silage. Ann. Agric. Fenn. 18: 252—262. (Agric. Res.
Centre, North Savo Exp. Sta., SF-71750 Maaninka, Finland.)

Silage was prepared for feeding experiments with heavily N fertilized grass at
five experimental stations in different parts of Finland in 1971—1972 (82 %, of
the meadows received 60—100 kg Njhafharvest). The average crude protein
content of the grass dry matter was 19,5 %, and that of silage 19,8 %.

The silage DM contained an average of 0,27 %, calcium, 0,32 %, phosphorus
(the Ca/P ratio was 0,8), 0,21 9%, magnesium, 2,50 %, potassium, and 0,04 %
sodium. The grass DM contained 0,31 %, 0,39 9%, 0,25 %, 3,26 %, and 0,06 %,
respectively. The mean K/(Ca+Mg) ratio (equiv. basis) in grasses was 2,49
and in silages 2,24 respectively; in spring harvests the K/(Ca-+Mg) ratio was 3,24
and 2,78, respectively.

The silage DM contained an average of 0,06 % iron, 97,9 ppm manganese,
34,2 ppm zinc, 11,2 ppm copper, 0,43 ppm molybdenum, 0,015 ppm selenium,
and 0,26 ppm cobalt. The iodine content varied from less than 1 mg to 4 mg/kg
DM. Zinc and selenium contents of all samples were below the nutritional stand-
ards recommended for livestock. Copper content was below the standards in the
northern areas. The iodine content was sufficiently high only at North Pohjanmaa
experimental station. Ttace element contents of grass DM were: 0,05 % Fe,
113,6 ppm Mn, 45,1 ppm Zn, 11,2 ppm Cu, 0,38 ppm Mo, 0,014 ppm Se, and
0,22 ppm Co.

Illnesses caused by deficiency or imbalance of minerals in fodder did not occur
in the experimental animals. Deficiencies were avoided by using mineral mixtures.

Index words: Mineral content, grass, silage.

INTRODUCTION

Nitrogen fertilization on meadows affects the
uptake of many plant nutrients. Heavy N fertili-
zation has a strong effect on the upptake of
potassium; the potassium content of grass in-
creases if the potassium content of soil is high,
and dectreases where it is low (Kemp 1960, Rin-
NE et al. 1974 a, TAHTINEN 1979). At low potas-
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sium levels, the N fertilization increased calcium,
magnesium and sodium contents of grass,
whetreas at high potassium levels these contents
decreased (KEemp 1960, RerrH et al. 1964, RINNE
et al. 1974 a and b, HernNEgs 1978). The N fer-
tilization increased zinc and copper contents
of grass, but decreased iron, manganese and



molybdenum contents (RINNE et al. 1974 b);
the effect on the phosphorus and cobalt con-
tents was minor and varied (Rerru et al. 1964,
RinNE et al. 1974 2 and b).

In cattle, high potassium content as well as
low magnesium, calcium and sodium contents
of grass increase the risk of hypomagnesaemia
(Kemp and Hart 1957, Kemr 1960, METson
et al. 1966). A high grass potassium content is
negatively related to its Mg content and also
depresses magnesium absorption from the gut
into the blood of the animals (FoNTENOT et al.
1973, Tomas and PorreEr 1976). The risk of
hypomagnesaemia is further increased by high
nitrogen content in grass (Kemp 1960, METSON
et al. 1966).

During the last few years in Finland, relatively
heavy nitrogen fertilization has been applied on

meadows from which silage has been prepared
for cattle. In this way it has been possible to
reach a high degree of protein self-sufficiency
in ruminant nutrition. Since the proportion of
silage in the diet of cows can be very high, it is
important to know how much mineral they can
get from the silage, and how nitrogen fertili-
zation affects the mineral contents of silage. It is
also important to know the differences in the
mineral contents between grass and the silage
prepared from it. Feeding experiments on silage
prepared from grasses heavily fertilized with
nitrogen were started in 1969. Results concerning
the mineral contents of grasses and silages of
the first two years (1969 and 1970) have been
reported eatlier (Kossiva et al. 1973, 1974). The
present study is a continuation of these.

MATERIAL AND METHODS

Experimental silages were prepared at five
experimental sites in different parts of Finland:
on the experimental farm of the Agricultural
Research Centre in Tikkurila, Vantaa, on the
Hime Experimental Station in Pilkine, on the
North Savo Experimental Station in Maaninka,
on the North Pohjanmaa Experimental Station
in Ruukki and on the Lapland Experimental
Station, Apukka near Rovaniemi.

The majority (84 9%,) of the meadows con-
tained mixed grasses with timothy as the domi-
nant species. About 10 %, wetre mainly cocks-
foot and about 6 9, Italian ryegrass. Most of
the herbage (45 9,) received 100 kg Njha/
harvest; 37 9, received 60—80 kg N and 18 9,
33 kg N/ha/harvest. 43 9, of the silage was made
from spring harvest, 28 9, from midsummer
and 29 %, from autumn harvest.

The grass was harvested as fresh with a flail-
type forage harvester and mainly stored in
tower silos, and also in clamps at the North
Pohjanmaa Experimental Station (ErrArA and

Kossiza 1980). Preservative (4—5 litres for
each ton of grass) was applied with an additive
applicator during chopping.

21 9, of the foddetr was preserved with formic
acid, 35 9, with AIV 2-solution (83 9%, formic
acid 4 2 9, orthophosphoric acid), 17 9%, with
AIV 1-solution (209, formic acid -+ 209
hydrochloric acid), and 25 9, with VIHER-solu-
tion (20 9%, formaldehyde + 24 9, acetic acid).

In order to obtain corresponding samples of
gtass and silage a sample was taken for analysis
from each load of mixed grass and the grass
was packed into two jute sacks (15 kg each) for
ensilage. The sacks were stored together with
the rest of grass load in the same layers of
fodder in the silo. In tower silos the distance
between the sacks was about 1—2 metres. The
silage samples were obtained in winter when
the sacks came up during the course of feeding.
To calculate the ensilage losses, the contents of
each sack were weighed (ErrarA and Kossira
1980).
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Feed analyses and mineral determinations
were made on the grass sample and the two
corresponding silage samples.

Feed analysis was carried out according to
standard methods. The contents of calcium,
magnesium, potassium, sodium, iron, manga-
nese, zinc, and copper were determined with
an atomic absorption spectrophotometer Type
603 (Perkin-Elmer Co. country of manufacture)
according to the instructions »Standard Con-
ditions». 5 g of the sample was burned at 480°C
for 48 hours. Ash was dissolved into HCIO HCI
mixtute. The solution was diluted to 50 ml.
Phosphorus was determined spectrophotomet-
rically as a vanadium-molybdenum complex
(Anon 1975). The cobalt content was deter-
mined with a graphite furnace method by using
the atomic absorption spectrophotometer Per-

RESULTS AND

Feeds

Average dry matter content (DM) of the grass
was 18,5 4 3,6 9, and that of the corresponding
silage 21,5 4- 2,9 9, (Table 1). Grass DM con-
tained 9,3 4 2,5 9%, and silage DM 8,1 - 2,6 %
of ash. Crude protein content of DM of grasses
was 19,5 4 3,0 9%, and that of silages 19,8 4
2,8 9%,. Crude fibre contents were 23,7 4 3,4 9%,
and 27,4 4 3,6 9, respectively.

Table 1. Chemical composition of grass and its silage.

Grass Silage
Component (N = 153) (N = 306)
%4 SD %+ SD
Dry matter .............. 18,5 3,6 21,5 2,9
In dry matter, %:
Ash ..ot 9,3 25 8,1 26
Crude protein ......... 19,5 3,0 19,8 2,8
Crude fat ............. 3,8 0,6 61 1,1
Crude fibre ............ 23,7 3,4 27,4 3,6
Nitrogen free extract ...| 43,7 3,6 38,6 3,4

N = number of cases, X == mean, SD = standard deviation
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kin-Elmer Type 300. The feed samples were
pretreated as follows: 5 g of the sample was
pyrolysed with an HNO, HCIO, solution,
whereafter APDC-DDTC complex (ammonium
pyrrolidine dithiocarbamate-diethylammonium-
diethyldithiocarbamate) was formed at pH 3,5,
and finally extracted with MIBK (methyliso-
butylketone). Molybdenum was determined
spectrophotometrically as a toluol-3,4-dithiol
complex (Scmort 1963). Selenium was deter-
mined as a 2,3-diaminonaphthalene complex
spectrofluorometrically (PARkErR and HARvVEY
1962, FarLEY and WiNkLER 1963). lodine was
determined using an ion-selective eloectrode
analysis (Hoover et al. 1971). Cobalt, molybde-
num, selenium, and iodine were determined
from only a small number of the samples.

DISCUSSION
Macrominerals

Caleinm (Ca): Grass DM contained little more
Ca, 0,31 4 0,17 9%,, than silage DM, 0,27 +
0,13 9, (Table 2).

The Ca content of grass and silage was signifi-
cantly influenced by location, year and number
of mowings (Table 2). Ca content was highest
in Vantaa and lowest in the North Pohjanmaa
Experimental Station. Inthe autumn (Septem-
ber) harvest the calcium content was consider-
ably higher than in the spring (June) or mid-
summer (August) harvests. In the previous
experiments in 1970 the Ca content of silage
was also highest in Vantaa and higher in the
autumn than in the other harvests (KossiLa
et al. 1973, 1974).

Results indicate that from 1970 to 1972 the
Ca content of grass and silage has decreased
with time. In 1970 silage was prepared on the
same experimental sites as in 1971 and 1972. In
1970 the average Ca content of grass DM was



Table 2. Mineral content of grass and its silage.

No of % in dry matter
samples Ca Mg K Na
Grass|Silage| Grass Silage Grass Silage Grass Silage Grass Silage Grass Silage
Experimental
stations
Vantaa ....... 27 | 54| 0,54 0,39 0,36 0,29 0,26 0,22 4,28 2,88 | 0,06 0,03
Hime ....... 17 | 34] 0,29 0,29 0,41 0,34 0,24 0,20 3,52 2,90 | 0,05 0,05
North Savo .. 49 | 98| 0,28 0,24 0,36 0,28 0,21 0,17 3,61 2,54 | 0,05 0,03
North Pohjan-
Mad .....ouee 39| 78| 0,23 0,23 0,40 0,37 0,24 0,22 2,57 2,27 { 0,06 0,05
Lapland ...... 19| 38| 0,26 0,24 0,44 0,36 0,39 0,31 2,14 1,99 | 0,07 0,05
Years
1971 ......... 81 1162 0,36 0,31 0,36 0,31 0,27 0,23 3,16 2,48 | 0,05 0,04
1972 ......... 70 {140| 0,26 0,23 0,42 0,34 0,23 0,20 3,39 2,53 | 0,06 0,04
Mowings
Ist vonn.... 65 (130 0,27 0,21 0,39 0,31 0,20 0,17 3,51 2,46 | 0,05 0,04
2nd ......... 42 | 84| 0,27 0,25 0,38 0,33 0,30 0,25 2,70 2,21 | 0,06 0,05
3rd .......... 44 | 88| 0,42 0,37 0,38 0,35 0,28 0,25 3,44 2,85 | 0,05 0,04
Mean .......... 0,31 0,27 0,39 0,32 0,25 0,21 3,26 2,50 0,06] 0,04
SD ............ 40,17 |+0,13 |+0,08 |40,07 (40,09 | +0,08 |£0,95 [40,60 {4-0,04|+£0,02
F-values of the
differences
Experimental
stations ...... 52,2%0%% | A7 4rwx| 5 4rex 30, 0%xx |51,6%0% | 66,40+ | 40,40 | 16,40 1,1 9,9xx
Years ........ 9,4x* 24 Fxax 25 4wk (DT Qrax | 39 9,8%« | 9,3%* 3,5 2,1 0,2
Mowings ..... 48,7+ |114,3*x| 1,2 10,64+ |61,5%+ [119,9%= | 0,4 12,8« 1.0 1,9

*) P < 0,05, **) P < 0,01, ***) P < 0,001. Statistical method was a 3-factor variance analysis.

0,47 9% (Kossira et al. 1973), in 1971 0,36 %,
and in 1972 0,26 9, (Table 2). The Ca
content of silage DM was 0,439, 0,319,
and 0,23 9,, respectively. Experimental silages
probably prepared from grass
grown on exactly the same fields in each
year. Nevertheless, all meadows in question were
heavily fertilized with nitrogen. When compar-
ing the results of the present study with those

were not

obtained earlier one must bear in mind that the
methods of analysis applied by KossiLa et al.
(1973) differed to some extent from those applied
in 1971 and 1972
Phosphorss (P ): Grass DM contained an average
of 0,39 —+ 0,08 %, and silage DM 0,32 - 0,07 %,
of phosphorus (Table 2).

The differences in P contents between experi-
mental sites were significant, but less prominent
than the 'differences in Ca contents (Table 2).

Contrary to the Ca contents, the P contents were
highest at the experimental station in the north.
No such trend was observed in the experimental
silage of 1970 (Kossira et al. 1973), but it was
observed in samples of timothy collected from
different plant cultivation zones (KAmArr and
NissiNEN 1978).

Between harvests the differences in P contents
were negligible in grass, but grew during ensi-
lage due to variations in the volume of the P
losses (ErraLa and Kossima 1980).

The P content of grass increased with time.
On the experimental sites in 1970 the average
P content in grass DM was 0,32 %, (KossiLa
et al. 1973), in 1971 0,36 9, and in 1972 0,42 9%,.
Silages contained 0,26 %, 0,31 9%, and 0,34 %, P,
respectively. A similar trend can be seen in a
survey by RINNE et al. (1974 2) as well as in a
study on timothy by KAmArr and PAASIKALLIO
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(1977). The rise in P contents is evidently due
to an increase in P fertilization.

Magnesinm (Mg): Grass DM contained an aver-
age of 0,25 -+ 0,09 9 and silage 0,21 4 0,08 9,
Mg (Table 2).

Differences in Mg contents between experi-
mental sites were significant. The highest Mg
content was obtained at the northernmost station
i.e. the Lapland Experimental Station, the lowest

at the North Savo Experimental Station. The’

Mg content of the spring harvest was lower than
that of the midsummer and autumn harvest. In
the previous years the results obtained were
similar as to both the experimental site and
harvest (Kossira et al. 1973, 1974).

At the same sites the average Mg content in
the grass DM was 0,23 9, in 1970 (KossrLa et al.
1973), 0,27 %, in 1971, and 0,23 9%, in 1972
Therefore no consistent trend was observable
during these years. The respective Mg con-
tents in silage were 0,18 9, 0,23 9, and 0,20 9.
Potassinm (K): Grass DM contained 3,26 4
0,95 9%, and silage DM 2,50 4 0,60 9%, K (Tab-
le 2).

The K content of grass dropped clearly when
proceeding from south to north (Table 2). At
the Lapland Experimental Station the average
K content of grass was about one half (2,14 9,
of DM) of the K content obtained in Vantaa
(4,28 9, of DM). Due to the great loss in potas-
sium during ensilage, the K content of silage
was considerably lower than that of the grass
(Errava and Kossiza 1980). Differences in K
contents between sites were smaller in silage
than in grass. Similar results have been obtained
in earlier years (Kossira et al. 1973).

The K content was lowest in the midsummer
harvest, but in comparison to the other harvests,
this was not significant. However, the K con-
tents of silages varied significantly between
mowings due to differences in losses (ETTALA
and Kossmma 1980). In the experiments of RINNE
et al. (1974 a), the K content of the first harvests
of the summer was markedly higher than that
of the other harvests.
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The K content of grass rose slightly from
1970 to 1972. In 1970 the average K content
of grass DM was 3,09 9%, (Kossira et al. 1973),
in 1971 3,16 %, and in 1972 3,39 9. The
respective contents of silage DM were 2,30 9,
2,48 %, and 2,53 9,. On clay and silt soils RinNnE
et al. (1974 a) observed an increase in K content
of grass. However, on coarse mineral soils as
well as on organic soils the K content of the
yields dropped with the diminishing potash
resources of the soils (RiNNE et al. 1974 a, Syv-
LANPAA and RiNNE 1975).

Sodium (Na): Grass DM contained an average
of 0,06 4 0,04 9, and silage DM 0,04 4- 0,02 %,
Na (Table 2).

In grass, no large differences in Na contents
were noticed between experimental sites, years
or mowings (Table 2). On the other hand, the
Na contents of silages differed significantly from
one another at different experimental sites,
because there was considerable variation in Na
losses (Errara and Kossiza 1980).

Macromineral contents and livestock
nutrition

A Ca|P ratio of 1 to 2 is regarded as optimal for
livestock (JacoBsoN et al. 1972, NJF 1975). The
average CafP ratio of silage in this study was
only 0,8. The value has decreased below the
optimum quite rapidly. In 1970, the mean Ca/P
ratio of the experimental silage was 1,7 in 1971
1,0, and in 1972 0,7.

In the study by RiNNE et al. (1977) the Ca/P
ratio of heavily N fertilized grass increased with
time. In their study the largest amounts of
nitrogen applied were twice the amounts of the
present study, which may explain the difference
between the results of these two studies. In the
study of RINNE et al. the difference in fertilization
also led to a decrease in the exhangeable potas-
sium content in soil, to a decrease in the K con-
tent of grass as well as to an increase in the Ca



content of the grass. In fact, in their study, the Ca
content of grass was lowest when the level of
N fertilization corresponded to that of the pre-
sent study (60—100 kg/ha/harvest), the latter
being a normal level in practical farming.

The Ca/P ratio of silage should be higher
since increasing milk yield requires higher
amounts of P rich concentrates in the diet of
cows. Also in hay, the Ca/P ratio has decreased
below 1,0; the ratio in timothy hay was 0,9 in
the recent study of KAnirr and NissiNex (1978).
The Ca content of grass could be increased
through liming and rationing the potassium
input into several applications according to the
minimum requirements of the plant (JoxiNeEN
1977, PELTOMAA et al. 1979).

The K|(Ca-Mg) ratio (equiv. basis) of grass is
an indicator of the risk of hypomagnesaemia
(Kemp and Harr 1957). If the ratio exceeds 2,2,
a risk of hypomagnesaemia exists. In the study of
RinnNE et al. (1978) the heavy N fertilization first
increased this ratio, and later decreased it to-
gether with the lowering of potash resources of
the soil. In the present study the K/(Ca-+Mg)
ratio, calculated by using mean contents, was
2,49 in grass and 2,24 in silage. The mean ratio
was highest in spring grass 3,24, and silage 2,78,
respectively. For livestock the best ratio was
obtained in the midsummer yields: 1,92 in gtass,
1,83 in silage on average. The best ratio, an
average of 1,44, was obtained for silage prepared
at the Lapland Experimental Station.

No cases of hypomagnesaecmia occurred in
the test animals duting the years 1970—72.

Deficits in the intake of various minerals were
avoided by giving mineral mixtures to the ani-
mals. These mixtutes contained among others,
magnesium and sodium in large quantities. For
the animals the only advantage was that duting
the ensilage process, the losses of potassium
were larger than the losses of other minerals;
and particularly large K losses (about 40 %),
occurred in silage with high K content (ETTALA
and Kossrua 1980). Severe bone disorders and
tetany, characterized by decreased serum Ca, Mg

and P values and elevated alkaline phosphatase
values have recently been reported in growing
dairy cattle fed large quantities of grass silage
without addition of mineral mixture into the
diet (KossiLa et al. 1977).

In later feeding trials, in which silages made
from wilted grass were studied, symptoms of
hypomagnesaemia wete observed in cows.
for the first time. In such silages potassium is
not discharged with effluent and therefore potas-
sium content is higher compared to that in
unwilted ones (Errara and Kreura 1979)
According to Purss and HaGEMEIsTER (1971),
absorption of magnesium from gut into blood
was lower in animals fed wilted than in those fed
unwilted silage.

A potassinm content of 0,5—0,8 %, in the DM is
sufficient for animals (NJF 1975). A maximum
yield from grass is obtained when the K content
is 2 minimum of 1,6 %, of the DM (RerrH et al.
1964). When the K content in grass DM was
2—3 %, no problems arising from potassium
content appeared. The contents exceeding 3 %,
in DM have been questionable (Kemp 1960,
Jacosson et al. 1972).

The Mg requirement of animals is satisfied if the
diet DM contains at least 0,29, Mg (Kemp
1960). The Mg content in silages remained
below this standard in the spring harvest and
in the feed at the North Savo Experimental
Station (Table 2). The deficit was compensated
for by using mineral mixtures containing 5 %,
magnesium. The Mg content of herbages can
be increased with Mg fertilizers (JoxiNex 1977 b,
Jaakkors and Voer 1978), dolomite liming
and evenly distributed fertilization with potash
(PELTOMAA et al. 1979).

Compared to the recommended requirements
for animals, there was far too little sodium in
the feeds. According to SaALBACH and ATGNER
(1970) it is very complicated to increase the Na
content of timothy to the level required by cattle
(0,15 9% in DM). The lack of sodium is elimi-
nated simply by giving mineral mixtures with
high Na content to the animals.
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Trace elements

Iron (Fe): Grass DM contained 0,05 + 0,04 %
and silage DM 0,06 + 0,05 %, iron (Table 3).
In view of the Fe tequirement of the animals
being about 100 mg/kg DM (NJF 1975), the Fe
content is fairly high. However, the Fe content
may partly be caused by soil contamination in
connection with mowing.

The Fe contents of grass varied significantly
between sites, but not between years and mow-
ings. Silage DM contained more Fe compared
to raw material. ‘This is apparently due to the
fact that Fe occurrs mainly in relatively insoluble
forms which remain .in silage while some other
more soluble grass constituents pass readily into
effluent (Ertara and Kossina 1980). In the 1970

experiments the Fe content of silage was also
higher than the Fe content of raw material (Kos-
siLa et al. 1973). Part of the Fe as well as the Na
in grass and silage come from various contami-
nation sources (soil, equipment, analytical prob-
lems etc.).

Manganese (Mn): Mn content was 113,6 4
37,2 mg/kg DM of grasses and 97,9 - 34,0 mg/
kg DM of silages (Table 3). At all the experi-
mental stations the Mn contents of silages were
adequate according to the standards, 40—80
mg/kg DM (NJF 1975). The lowest contents
wete obtained in Vantaa and at the North Savo
Experimental Station. Similar results were ob-
tained in 1970 (Kosstra et al. 1973). Years had no
effect on the Mn content of grass and silage.
The spring hatvests contained much less manga-

Table 3. The Fe, Mn, Zn and Cu contents in grass and its silage (on dry matter basis).

s]j;p(l)cfs Fe, % Mn, ppm Zn, ppm?) Cu, ppm
Grass | Silage Grass Silage Grass Silage Grass Silage Grass Silage
Expetimental
stations
Vantaa ....... 27 54 0,07 0,09 94,4 73,4 55,8 45,7 13,9 14,4
Hime........ 17 34 0,07 0,05 149,9 114,9 75,1 34,1 12,8 14,8
North Savo .. [ 46 98 0,04 0,05 86,6 77,7 33,3 29,9 12,0 11,6
North Pohjan-
Ma2 .uvvennns 39 78 0,04 0,05 138,7 126,0 38,6 32,5 9,7 9,2
Lapland ...... 19 38 0,06 0,08 126,3 112,1 59,0 32,4 6,6 6,5
Years .
1971 . ...... .. 81 | 162 0,05 0,07 113,9 98,1 46,4 35,7 11,0 11,2
1972 ......... 67 | 140 0,05 0,05 113,2 97,7 43,6 32,4 11,4 11,2
Mowings
Ist c.ovvvenen 65 | 130 0,06 0,08 97,1 81,7 429 34,0 10,0 10,9
2nd ......... 42 84 0,04 0,06 127,2 1111 41,7 31,0 92,9 9,1
3rd Lol 44 88 0,05 0,05 124,9 109,3 52,5 38,1 14,0 13,5
Mean .......... 0,05 0,06 1136 97,9 45,1 34,2 11,2 11,2
SD il -+0,04 +0,05 +-37,2 +-34,0 +17,9 -4-8,8 +6,9 |[43,6
F-values of the
diffetences
Experimental
stations ...... 4,2%x 8, 7xxx 22, Grxx 42,7*x% 15,8xxx 55,5%** 4,54 | (4,6%**
Years ........ 0,8 17,0+ 0,2 0,1 0,0 6,8+* 1,4 1,4
Mowings ... .. 1,5 7,Qx** 4,3* 11,9%xx 0, 14, 5%*x 5,90 | 12,0%*

*) P < 0,05, **¥) P < 0,01, ***) P < 0,001. Statistical treatment, see Table 1.

1) Some exceptionally high Zn contents were disregarded because the samples were suspected to have been contaminated
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nese than the summer and autumn harvests.
This was also observed in the 1970 study (Kos-
SILA et al. 1974).

The content of gine (Zn) in grass was 45,1 -
17,9 mg/kg DM, and in silage 34,2 + 8,8 mg/kg
DM (Table 3). The Zn content of grass and
especially that of silage was inadequate for
cattle according to the standards, 50 mg/kg DM
(NJF 1975). Similar results were obtained in
silage in 1969—1970 (Kossita et al. 1973). The
deficits have been replaced by zinc additives in
mineral mixtures given to the animals.

The lowest Zn content was obtained at the
Notth Savo Experimental Station (Table 3).
The Zn content of grass did not vary signifi-
cantly between years or mowings. It did, however
vary due to vatiation in the quantity of Zn losses
(Errava and Kossiza 1980). The Zn contents
of silages obtained in this study were at about
the same level as the Zn contents of timothy
harvested from different parts of the country
(KiuArr and Nissinex 1978). The Zn content
of grasses could be increased by using fertilizers
containing zinc (Jaaxkora and VoGt 1978).

The copper (Cu) content of grass was 11,2 +
6,9 mg/kg DM and in silage 11,2 4 3,6 mg/kg
DM (Table 3). The mean Cu content was ade-
quate accorcing to the standard, 10 mg/kg DM
(NJE 1975). However, in the northern parts of
the country Cu content stayed below the stand-
ard. Similar results were obtained for silage
in 1970 (Kossira et al. 1973).

The average Cu contents of grass and silage
were the same. On some experimental sites the
content rose, on others it fell slightly during
ensilage. No differences were observed between
years. The Cu content of the autumn harvest
was higher than that of the spring and summer
harvests.

The average molybdennm (Mo) content of grass
was 0,38 mg/kg DM, and of silage 0,43 mg/kg
DM (Table 4). According to recommended
standards, (NJE 1975) the Mo content of the diet
should be 0,1—0,5 mg/kg DM. The Mo contents

obtained in this experiment were adequate. The

8 127903050U

Mo contents varied considerably; the lowest
values were obtained in Vantaa. The autumn
harvest was more Mo rich than the other harvests
In 1972 the Mo content of silage was twice that
obtained in 1971. It has also been observed that
the Mo content of timothy samples collected from
different parts of the country vary considerably,
but the average content is about the same as the
contents obtained for silage in the present study
(KAmARI and PaasikarLio 1978).

The Cu/Mo ratio is important in livestock
nutrition (NJF 1975). Deficiency in Cu can
appear, if the Mo content of the feed exceeds
2 mg/kg DM. A high sulphur content in feed
(over 0,25 9, in DM) increases the risk of Cu
deficiency. Rinne et al. (1977) have observed
that N fertilization has increased the Cu/Mo
ratio of grass and therefore regard moderate
N fertilization (200—250 kg/ha/three harvest)
reasonable in this respect. In the present study
the Mo contents were so low that there was no
risk of Cu deficiency due to the Cu/Mo ratio.
The sulphur content of some feed samples was
determined (Anon 1955). The average content
of the nine samples was 0,25 9, in DM (variation
0,22—0,31 9%,), which is higher than the contents
obtained from silage samples collected from
different parts of the country: 0,1440,05 %
(Kreura and Errava 1976). No disturbances
were observed in the animals. The mineral mix-
tutes fed to cows contained copper. The Cu
content of grass could be increased by Cu fertil-
ization (Jaakkora and VooeTt 1978).

The average selenium (Se) content of grass
was 0,014 mg/kg DM, and in silage 0,015 mg/kg
DM (Table 4). According to standards (INJF
1975) the Se requirement of cattle is 0,1 mg/kg
DM, thus a Se addition in the mineral nutrition
was necessary. The lowest Se-contents were
obtained at the Nozrth Savo and the North Poh-
janmaa Experimental Stations, whereas the
highest values were obtained in Vantaa. The
summer harvest contained less selenium than
other harvests.
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Table 4. The Se, Mo, and Co contents in the dry matter of grass and its silage.

Mo ppm Se ppm Co ppm
Grass Silage Grass Silage Grass Silage
N b4 N X N X N X N X N X

Experimental stations

Vantaa .......... 2 0,14 8 0,15 4 0,028 8 0,028 1 0,39 7 0,37

Hime .......... 2 0,72 5 0,65 3 0,021 6 0,014 2 0,19 6 0,20

North Savo ..... 5 0,45 11 0,59 6 0,007 12 0,010 4 1.0,21 11 0,22

North Pohjanmaa 3 0,18 12 0,30 6 0,007 12 0,013 4 0,20 10 0,26

Lapland ......... 1 0,43 4 0,65 2 0,016 4 0,016 1 0,32 4 0,28
Yeats

1971 ..ol 9 0,24 25 0,31 12 0,011 23 0,017 9 0,22 | 23 0,29

1972 ..o 4 0,68 14 0,63 8 0,016 16 0,014 3 0,24 14 0,24
Mowings

Ist oooiiin., 7 0,27 21 0,33 11 0,015 22 0,016 7 0,26 18 0,30

2nd ...l 3 0,21 8 0,39 4 0,008 8 0,008 4 0,17 6 0,19

3rd Lol 3 0,80 11 0,64 6 0,016 12 0,019 5 0,27 10 0,25
Mean ............. 13 0,38 40 0,43 21 0,014 42 0,015 12 0,22 38 0,26

Statistical analysis was not carried out because of too few samples

The average cobalt (Co) content of grass was
0,22 mg/kg DM, and of silage 0,26 mg/kg DM
(Table 4). The recommended (NJE 1975) Co
content in feed for cattle is 0,1 mg/kg DM. Thus
the Co-demand of the animals was satisfied with
silage.

The highest Co content obtained at Vantaa,
the lowest at the Hime Experimental Station.
The Co content of the midsummer harvest was
lower than that of other harvests. Differences
between yeats were small. The Co contents of
grass samples collected from different parts of
Finland were much lower (KAHARI and Paasi-
KALLIO 1978) than in the grass and silage sam-
ples studied here.

The dodine (I) content of 17 grass and 42
silage samples was determined, but in some sam-
ples (5 grass and 12 silage) the content was below
the detection limit (1 mg/kg DM). According
to the nuttient recommendations of NJF (1975),
the iodine content in the diet DM of livestock

260

should be 0,8—2,0 mg/kg depending on the
nitrogen content of the feeds.

Areas poor in jodine were Vantaa and the
North Savo Experimental Station, where most
of the samples contained less than 1 mg iodine/
kg DM. The highest contents were obtained
at the North Pohjanmaa Experimental Station,
where the I content varied between 1 and 4 mg/
kg DM, the average I content of grass being
2,5 mg/kg DM, and of silage 1,75 mg/kg DM.
At the Hime and Lapland Experimental Stations
the contents varied from below 1 mg to 3—4
mg/kg DM. Signs of iodine deficiency in the
thyroid of young calves were most severe in
the material obtained from south and east Fin-
land (Kossrra et al. 1970) which is in agreement
with the results of the present study.
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SELOSTUS

Runsaasti typpilannoitetun truohon ja siiti valmistettujen tuoresiilorehujen
kivenniispitoisuuksista

Evist Etrana ja Varru Kossica

Maatalouden tutkimuskeskus

Verraten runsaasti typpilannoitetusta ruohosta (82 %
nurmista sai 60—100 kg N/hafsato) valmistettiin ruo-
kintakokeita varten siilérehuja vuosina 1971—72 vii-
dessd koepaikassa; Tikkurilan koetilalla sekid Hémeen,
Pohjois-Savon, Pohjois-Pohjanmaan ja Lapin koeasemilla.
Ruohossa oli raakavalkuaista keskimiirin 19,5 %, siil6-
rehuissa 19,8 % /ka.

Siildrehujen kuiva-aineessa oli keskimairin kalsiumia
0,27 % ja fosforia 0,32 %. Ca/P-suhde oli keskimidrin
0,8, miti on eldinten kannalta pidettivi alhaisena (optimi:
1—2). Magnesiumia oli keskimiirin 0,21 %. Kevitkesin
siilérehuissa sekd Pohjois-Savon koeaseman rehuissa
Mg-pitoisuus jii alle suositusnormien (0,20 %). Keski-
midriinen kaliumpitoisuus oli siildrehussa 2,5 %.
K/(Ca+-Mg)-ckvivalenttisuhde oli keskimiirin 2,24 ja
kevitsadossa 2,78. Viime mainittu ylittid laidunhalvaus-
vaaran merkkini pidettivin 2,2 rajan. Sdilérehun nat-
riumpitoisuus oli keskimiirin 0,04 %, joka eldinten tar-
peeseen (0,15 %) nihden on erittiin pieni. Vastaavat
pitoisuudet ruohossa olivat: Ca 0,31 %, P 0,39 %, Mg
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0,25 %, K 3,26 % ja Na 0,06 %.

Siildrehuissa oli keskimidrin rautaa 0,06 % ja mangaa-
nia 97,9 mg, sinkkid 34,2 mg, kuparia 11,2 mg, molyb-
deenia 0,43 mg, seleenii 0,015 mg ja kobolttia 0,26 mg
kilossa kuiva-ainetta. Jodipitoisuus vaihteli alle 1 mg:n
tasosta 4 mg:aan/kg ka. Sinkki- ja seleenipitoisuudet oli-
vat eldinten suositusnormeihin (Zn 50 mg ja Se 0,1 mg/kg
ka) nihden liian alhaisia. Kuparipitoisuus oli alle normin
(10 mg/kg ka) pobjoisilla koeasemilla. Jodipitoisuus oli
hyvin riittivd Pohjois-Pohjanmaan koeasemalla (norm:
0,8—2,0 mg/kg ka). Jodikéyhimmit alueet olivat Vantaa
ja Pohjois-Savon koeasema. Muita mikrokivenniisid oli
eldimille riittdvisti. Ruohossa vastaavat mikrokivenniis-
pitoisuudet olivat: Fe 0,05 % /ka, Mn 113,6 mg, Zn 45,1
mg, Cu 11,2 mg, Mo 0,38 mg, Se 0,014 mg Co 0,22 mgf
kg ka.

Kivenniisten puutteesta tai episuhteesta johtuvia sai-
rauksia ei koe-eliimilli todettu. Vajaukset pyrittiin kot-
vaamaan eliinten kivenniisseoksilla.
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IN FINLAND
MargxU KoNTTURID

Konrruri, M. 1979. The effect of weather on yield and development of
spring wheat in Finland. Ann. Agric. Fenn. 18: 263—274. (Agric. Res. Centre,
Inst. of Plant Husb., SF-31600 Jokioinen, Finland.)

The effects of weather (rainfall, temperature, radiation) on yield, 1 000-ketnel
weight, protein content and length of development periods of Ruso spring wheat
were studied by correlation analysis, Effective temperature sums were calculated
to depict the length of spring wheat development periods. The data was collected
from official variety trials on spring wheat at three experimental stations of the
Agricultural Research Centre in 1966—78.

Rainfall in June (RA,) had the strongest effect on grain yield of Ruso spring
wheat and the effect of rainfall on yield is shown by the equation y = a+94,63 x
—0,60 x2 (R? = 0,61) as differences in yield levels between locations were pooled.

There was a significant positive cotrelation between grain yield and total
radiation during the period of grain growth (r = 0,71). The positive correlation
between grain yield and 1 000-kernel weight was highly significant (r = 0,72),
the negative cortelation between grain yield and grain protein content was
significant (r = —0,53).

The length of development periods was strongly dependent on temperature.
High temperatures, especially in dry years, decreased the length of development
periods as shown by cotrelation coefficients for different development periods:
sown to headed, r = —0,81; headed to ripe, r = —0,91; sown to ripe, r = —0,87.
Lower yield and lower 1 000-kernel weight were results of shottened development
periods. The following effective temperature sums and their threshold temperatures
were obtained to depict the length of a particular development period of Ruso
spring wheat: sown to headed 480° above 4 °C; headed to ripe 399° above 8°C;
sown to ripe 874° above 6°C.

Index words: Spring wheat, rainfall, temperature, total radiation, effective tem-
perature sums,

INTRODUCTION

Spring wheat is grown at the edges of wheat
cultivation in Finland (Fig. 1). Thus the weather
causes large from year to year variations in
growth, yield and yield quality of spring wheat.
The acreage of wheat in Finland is about 150 000

ha of mainly spring wheat. The main wheat
growing area is located in the southern part of
the country (Fig. 1) where thermal conditions
are most favourable and soil types most suit-
able for wheat. However there is often a spring
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Fig. 1. Wheat growing area in Finland (and locations of
three experimental stations of the Finnish Agricultural
Research Centre).

drought in June, at the critical time for yield
formation of spring cereals, so the highest yields
are obtained from early sowings (LARPES 1979,
Fig. 2). Similarly, irrigation (about 30 mm) in
the beginning of June has substantially increased
spting cereal yields on clay soil (PorjaNaEIMO
and Hemonen 1960, Eronex et al. 1967).
However, in July, August and September, as
spring wheat ripens and is harvested, rainfall is
abundant, which may cause losses in yield and
yield quality as the harvest is delayed and made

GRAIN

YIELD
kg/ha
5000
4000}
sandy clay
3000t
20001 7 T~
N ~ clay loam
1000+ \\\ Sl'.'ty clay
Lth  12th 20 th May

DATE of SOWING

Fig. 2. Effect of sowing time on yield of spring cereals
on different soil types (LARPES 1979).

difficult. During cool, wet summets early autumn
frosts may also damage the viability of seeds
and baking quality of wheat protein as spring
wheat needs 2 long time to ripen. This study,
as the earlier one made by PoxyjanuemMo (1959),
is intended to explain the effects of different
weather variables on yield and growth of spring
wheat.

MATERIAL AND METHODS

The spring wheat variety Ruso is the most
widely grown wheat in Finland. The yield data
was collected from official vatiety trials of
spring wheat at the Agricultural Recearch Centre
in 1966—78 at three locations: Institute of Plant
Husbandry (Tikkurila), South-West Finland
Experimental Station (Mietoinen) and Kymen-
laakso Experimental Station (Anjala).
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Daily observations were used for the rainfall
data, but mean pentade temperatures were used
for the temperature data. The total radiation
data was only available for Tikkurila; radia-
tion observations from Helsinki—Kaisaniemi are
used for 1962—71 (20 km south of Tikkurila) and
from Helsinki—Vantaa for 1972—78 (10 km west)
(Meteorological Yeatbook of Finland, Part 4).



Table 1. Data on Ruso spring wheat (average 1966—78)

Location
Tikkurila | Mictoinen | Asjala
latitude
N 60°17" | N 60°38" | N 60°43
Yield, kg/ha ....... 3690 3 500 2760
1 000-kernel weight,

............... 40,6 39,9 37,3
Protein, % ........ 16,1 14,9 16,0
(1969—78)

Development
Date sown ...... 9. May | 13. May | 15. May
»  of emergence |21. May |29. May [ 27. May
»  of headed .. 2. July 4. July 3. July
» ofripe..... 19. Aug. | 22. Aug. | 21. Aug.
Period A
days sown to headed 53,8 51,9 49,5
Period B
days headed to ripe 48,0 49,5 48,8
Period C
days sown to ripe .. 101,8 101,5 98,5
Rainfall (mm)
Period A (RA) ... 64,4 58,5 59,9
Period B (RB) ... 101,7 110,0 107,2
Period C (RC) ... 166,1 169,4 167,2
Mean tempterature
)
Period A (TA) ... 13,2 13,3 13,5
Period B (TB) ... 16,8 16,3 16,3
Period C (TC) ... 14,9 14,7 14,8
Total radiation
(MJ/m2), 1962—78
Period A (TR A) . 907 — —
Period B (TR B) . 845 — —
Period C (TR C) . 1752 — —

The experimental stations are located on
about the same latitude (Table 1, Fig. 1) and
thus possible differences in the growth of spring
wheat due to different day lengths are eliminated.
The soil type at Tikkurila is sandy clay, at
Mietoinen heavy clay and at Anjala silty clay.
Variety trials are sown as eatly as possible (Table
1) to guarantee even emergence and good eatly
growth with spring moisture. The yield data
from Mietoinen 1977 was rejected because of
exceptionally late sowing.

The use of N fertilizer incteased during 1966—
78 from about 50 to 90 kg N/ha at Tikkurila,
from about 70 to 120 kg N/ha at Mietoinen and

from about 60 to 100 kg N/ha at Anjala. The
effects of the increase in N fertilizer and place-
ment of fertilizer (introduced in about 1968)
are not considered. The following symbols are
used for rainfall (R), temperature (T) and total
radiation (TR) and for vatious growth periods
of Ruso spring wheat:

A: SOWN TO HEADED

A,: sown—31st May
A, 1st June—15th June

(»vegetative period»)
(30—15 days before
headed)

(15—0 before headed)
(30—0 days before
headed or »teproductive
period»)

Ag: 16th June—headed
Ag Ay4-Ay

B: HEADED TO RIPE (»grain growth period»)

B,: headed—20 days after headed
B,: 20 days after headed—ripe

C: SOWN TO RIPE (total growing time)

The correlation coefficients were calculated
between weather variables and yield, 1000-
kernel weight, protein content and length of

development periods of Ruso spring wheat.

Temperatute sums

Temperature sums for different development
periods of Ruso spring wheat wete calculated
by using the method presented by Depurar
(1974). It is based on the presumption that in
all growth periods hyperbolic dependence occurs
between mean temperature and length- of each
growth period:

L= )

where L is the length of growth period (in
days), t is the mean temperature of the period
(°C), a the most accurate threshold temperature
for the period and S the effective temperature
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sum (counted above a) for the period (°K). For
calculation of a and S, equation (1) is changed
to

t=a+Sx 2

where x=1/L. For the constants a and.S and
for calculated length (using values a and S) of
development period (L) standard deviations
(D) were calculated by the method of CRAMER
(19406).

RESULTS

Correlation coefficients between different weath-
er variables and yield, 1000-kernel weight,
protein content and lenght of different develop-

Table 2. Coefficients of correlation x 100

ment periods of Ruso spring wheat are presented
in Table 2.

(n = 38) (pooled cotrelations in brackets)

Yield 1 "Svii‘g‘;i"“
1 000-kernel weight ....... T2t++ —
Protein % «evvererreeenee —53++ —23
A e 37+ 32+
5 J 39+ 63+++
C oiriviie i 51++ 68+++
RA . iiieeiiiiiiiinnanes 36+ 41++
RA; coiiiiineieaes —18 —04
RApy ciiiiiiieiees 35+ 40+
(41++) (44++)
RAj tovniiineanneennns 46++ 32+
(52+++) (36%)
RA, =RA,4+RA; ....... 63+++ 54+++
(72+++) (61+++)
RAG+RBy «oveveeennnnnss 41++ 54+++
(49++) (60+++)
28 2 14 36+
(40%)
RBy covvvnnvnnenanenians 29 25
RB tiiiiinininnnnnanans 31 39+
RC cvievieiieennnnnnns 39+ 47++
TA it —32+ —38+
8 1 W 08 —19
5 1 P —17 —07
TAg ceviiiennieanenas —45++ —25
TA  coviiiiiaaien e —43++ —22
TBy cevenvvnneennecnninn —03 —26
TBy cevnnernnnaceeanenas —31 —62+++
1 = TP —21 —52+++
TC ieiee et —31 —53+++

protein A B C

% sown to headed | headed to ripe sown to ripe
—22 08 — —
—25 B3+++ 89+++ J—
—30 58+++ 41++ 62+++
(—38%)

10 56+++ —10 17
—28 27 16 26
(—26)

—25 —07 58+++ 46++
(—35)

—40+ 12 59+++ 56+++
(—4T+)

—12 — 54+ 44+
(—15)

12 — - 33%* 21
—10 —_ 42++ 32+
—01 —_ 50++ 36+
—11 —_— J— 53+++

21 —81+++ —29 —62+++
—25 —38+ —11 —27

18 —19 14 03

47++ 444+ 44+ _58+++

48++ — 44+ —22 —39+

31 _ L —59+++

25 — o+t | —80+H

30 — — 91+ — 8L+

36 — - e

Grain yield

Much of the yield variation between yeats is
explained by rainfall, expecially by rainfall in
June (RA,), £=0,63** The effect of rainfall
varies between locations due to differences in
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soil types. According to linear regression (Fig.
3 a) rainfall increased the grain yield most at
Anjala and less at Tikkurila and Mietoinen.
Rainfall in the end of June (RAj) is more effec-
tive, r=0,46**, than rainfall in the beginning
of June, t=0,35%, in increasing the grain yield.
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Fig. 3. Effect of rainfall in June (RA,) on the yield of Ruso spring wheat.
a) linear regressions at different locations

- - - y= A+9463x-0.60x?

R*=0.61

TIKKURILA  y=1299.50+94.63x - 0.60x*
MIETOINEN y=1118.96+94.63x - 0.60x?

y= 150.53+94.63x - 0.60x?
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6000 1
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4000 1
30004
2000 4
1000 ©

y=—6792.91+12.07x
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700 800 900 MJ/m?
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Fig. 4. Effect of total radiation during grain growth
(TR B) on yield of Ruso spring wheat (1962—78) at
Tikkurila:

@ wet years (RA>36 mm), O dry yea'rs (RA,4<35 mm)

GRAIN
YIELD
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5000

4000 1
3000 ¢

2000

1000 y=-2812.49+155.10x

r=0.72%"*

30 40 50 g
1000 kernel weight

Fig. 5. Effect of 1 000-kermel weight on the grain yield
of Ruso spring wheat. _
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When differences in yield levels between loca-
tions are pooled, the equation y=a-}-94,63 x—
0,60 x2 (R?=0,61) (Fig. 3b) is obtained for
strue rainfall effect» on grain yield. High temper-
atures in the end of June (TA;) decrease grain
yield, r==-0,45%*. Total radiation during grain
growth period (TR B) correlates well with grain
yield, t=0,71*%* (Fig. 4). In wet years (RA,>
36 mm) with the same amount of radiation the
grain yield was 1000—1 500 kg higher than in
dtry years (RA,< 35 mm).

1000-kernel weight
Cortelation between grain yield and 1000-kernel

weight was highly significant r=0,72%** (Fig.
5). High temperatures during grain Afilling,

(TB,) decreased 1000-kernel weight, r =

DRY YEARS

1000 kernel
weight

'
T

0 50 100 mm

RAINFALL 0-20 days after
HEADED

Fig. 6. Effect of rainfall during 20 days after headed on

- 1 000-kernel weight in dry years (1963—78) at Tikkurila.
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HEADED to RIPE period, length

Fig. 7. Effect of the length of grain growth period on
1 000-kernel weight.

-0,62***, whereas rainfall around ear emergence
and anthesis (RA, and RA,+-RB,) increased
1000-kernel weight, r=0,54***, Rainfall 20 days
after ear emergence (RB,) increased 1000-kernel
weight, r=0,85*%* (Fig. 6), especially in dty years
at Tikkurila. However, best correlations were
found between 1000-kernel weight and total
growing time, r=0,68%** and period of grain
growth, r=0,63%** (Fig. 7).

Protein content

Cotrelation between grain yield and protein
content was weaker, but still significant, r =
-0,53*** (Fig. 8) The weather variables studied
explained little of the variation in protein con-
tent. However rainfall in June (RA,) seemed
to decrease protein content, r=-0,40% while
high temparatutes in June (TA,) seemed to

increase protein content, r=0,48%*, Further-

more, from the data from Tikkurila, it is obviuos
that in wet years high total radiation from emer-
gence to headed (TR A) increases protem con-
tent, r=0,73° (Fig. 9).

PROTEIN

%

20

184

161

14

.y =18.46-0.00080x
12 .r=-053%*
1000 2000 3000 4000 5000 kg/ha
GRAIN YIELD

Fig. 8. Effect of grain yield on grain protein content.

WET YEARS

PROTEIN:
0/°

18 {

16

141 y =—0.40+0.018x%

r=0.73°

800 900 1000  MJ/m?
EMERGENCE to HEADED,
total radiation
Fig. 9. Effect of radiation durmg emergence to headed

period on grain protein content in wet years:(1963—78)
at Tikkurila,
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The length of development periods

The mean temperature of the development
period had a very strong effect on the length
of development period, as shown by correlation
coefficients for different development periods:
petiod A, 1=-0,81%¥% period B, r=-0,91%**
(Fig. 10); and period C, r=-0,87%%*, Effective
temperatute sums wete calculated to depict the
length of development periods. Effective temper-
ature sums and their threshold temperatures
for each development period and for different
types of years (wet or dry) are shown in table 3.
Because of the scanty data the reliability of
calculated effective temperature sums in pre-
dicting the length of development periods was
weak (Table 4). Moisture conditions had no
effect on the calculated threshold temperature
at phase A, but at phase B and phase C the thresh-
old temperature was much lower in wet years

than in dry years. The hyberbola of effective

temperature sum for total growing time,
874°, | .
L =g shown in Fig. 11.

HEADED to RIPE period
length

days
70+
60

50+

401

y=124.48-4.60 x o

30 r=-0.91%"

12 14 16 18 20 °C

HEADED to RIPE period,
mean temperature

Fig. 10. Effect of mean temperature in headed to ripe
period on the length of grain growth period.

Table 3. Thermal thresholds and effective temperaturesums for different development periods of Ruso spring

wheat.
development periods
thermal cffective standard
; Rz threshold | (CTRRRGEE | O length comp.
days °C

SOWN to
HEADED
all years .... 39 0,69 4,31 480> 4 28,3 51,7 13,4
dry years
(RA,<35 mm) 22 0,80 4,15 483> 4 28,1 51,4 13,5
wet years
(RA>36 mm) 17 0,79 4,90 425> 5 28,6 52,2 13,2
HEADED to
RIPE
all years .... 39 0,73 8,22 399> 8 37,0 48,8 16,5
dry years ... 22 0,81 9,75 309>10 23,5 44,3 17,2
wet years ... 17 0,76 5,69 510> 6 44,3 54,5 15,6
SOWN to
RIPE
all years .... 39 0,60 6,17 874> 6 45,2 100,5 14,8
dry yeats ... 22 0,80 6,65 773> 7 41,2 95,7 15,1
wet years ... 17 0,80 421 109> 4 47,9 106,8 14,3
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SOWN to RIPE period

Table 4. ‘Thermal threshold (a), effective temperature
sum (8S) estimated from equation (2) and calculated length

length of development periods (L) and their standard deviations
days (D) for Ruso spring wheat.
°C | °K ' days
L SOWN to HEADED ,
a =431 S = 464,11 L = 51,34 (t = 13,35)
1301 D)= 1,00 | D(S)= 51,05 | D(L)= 11,39
120 HEADED to RIPE
a = 8,22 = 389,08 L = 46,99 (t = 16,50)
1104 D(2)= 0,68 | D(S)= 31,58 | D(L)= 7,63 .
1004 SOWN to RIPE
a = 6,17 S = 857,04 L =99,42 (t = 14,97)
904 D)= 0,72 | D(S)= 71,66 | D(L)= 16,70
80
70
12 1% 16 18  t°C
SOWN to RIPE period,
mean temperature
Fig. 11. Effective temperature sum hyberbola for total
growing time of Ruso spring wheat.
DISCUSSION

An adequate vegetative period is required to
establish the root system and leaf canopy as a
basis for later crop growth. It is also needed to
establish the tillers and potential spikelet sites,
patticularly in temperate ceteals where sufficient
tillering is important (Evans and WARDLAW
1976). Under Finnish conditions the spring
moisture stored in top soil can guarantee even
emergence and good early growth of spring
wheat from timely sowings (Larres 1979, Fig.
2). However, during early summer after emet-
gence of the wheat there is often a period of
drought (in southern Finland) and this causes
low yields (Fig. 3 b). In the beginning of repro-
ductive period ushered in by inflorescence ini-
tiation, the rapidly elongating stems and diffet-
entiating inflorescences are the main compet-

itors for assimilates, although root growth
continues and expansion of the upper leaves
is completed (Evans and WArDLAW 1976). If
the weather at that time is dry and hot the growth
of wheat is retarded.

Water stress strongly decreases net photo-
syntesis and viable leaf area in corn (Bover
1976) and in barley (Biscoe and GALLAGHER
1977). Consequently the competition for assim-
ilates between growing organs of wheat is
increased. SALTER and GooDE (1967) have shown
that wheat is very sensitive to water stress during
the formation of reproductive organs and
during flowering. Frsuer (1973) showed that
grain yield was most sensitive to water stress
at a stage about 10 days before ear emergence,
as the number grains per spikelet is then deter-
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mined. The sensitivity to stress decreased
markedly at later or also towards earlier stages
of development. -

High temperatures, especially if water supply
is reduced, around ear emergence and anthesis
decrease the, yield potential of wheat. High
temperatures hasten the development of wheat
and cause poor seed-setting (Korperur 1979).
High temperatures in this study also
marked shortening of the development period
from sown to headed (Table 2). The nitrogen
utilization' of cereals is decreased in dry soil
(Karra and Eronen 1971, REraTTA et 2l. 1979)
and insufficient N availability weakens yield
formation in wheat (LANGER and Liew 1973).
Lower N utilization also causes lower N yield,
because most of the N hatvested in grain is
taken up before ear emergence (KOLDERUP
1975, Kramer 1979). As a consequence of
of drought (and high temperatures) the viable

leaf area remains low and the source-capacity

caused

Jater during grain growth is not optimal. Fur-
thermore, the number of grains per unit ground
area remains low and sink-capacity is not optimal.
The weather-yield analysis of this study clearly
shows that rainfall in June strongly increases
the wheat yield (Fig. 3 a, b). Irrigation during
June has same effect on yield (POHJANHEIMO
and HENoONEN 1960, ELoNEN et al. 1967). Trri-
gation (or rain) also improves utilization of N
by spring wheat (Kara and Eronen 1970).
Similarly in this study, when the rainfall during
early summer was sufficient, high radiation from
emergence to headed increased protein content
(Fig. 9). With plenty of radiation wheat grew
well and the uptake of N to shoot was large
(large N pool). Later, duting grain growth, N
is translocated to the grain (KraMER 1979).
Grain yield is mainly derived from net photo-
syntesis during grain growth, and in optimal
conditions only a small proportion of carbo-
hydrates in the yield are derived from photo-
synthates formed before anthesis (Evans and
WARDLAW 1976). The correlation between total
radiation during grain growth and grain yield
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in this study was also positive (Fig. 4). However
the sink or storage capacity of assimilates is to
a large degree determined earlier by the extend
of photosyntesis during the reproductive stage
of the crop (Evans and WARDLAW 1976).

In wet years (RA,>36 mm) much higher
yields wetre produced with the same amount of
radiation than during dry years (RA;< 35 mm)
(Fig. 4). Obviously this difference in the effect
of radiation was a consequence of -drought
during the reproductive stage, which caused
low viable leaf area (low source-capacity) and
low grain number per ground area (low sink-
capacity), because under Finnish conditions
rainfall during grain growth is sufficient and
harmful, high temperatures are rare. The above
is supported by the regression equation calcu-
lated for the effects of rainfall in June (RA,=x)
and radiation during grain growth (TR B=2z)
on grain yield y=-3186,95-429,54 x+4-6,78 z,
R2=0,74.

Cereals have a capacity for yield component
compensation, i.e. for the later determined
components of grain yield to compensate for
eatlier losses or to take advantage of favourable
conditions later in the life cycle. If grain number
per ear in wheat is reduced the remaining grains
may grow larger to a certain extent (BINGHAM
1967). Passtoura (1976) also showed that the
grain of severely stressed wheat was filled largely
from reserves, rathet than mainly from current
photosynthate. In this study 1000-kernel weight
was the only yield component for which data
was available. Grain yield and 1000-kernel
weight correlated well (Fig. 5). In dry yeats at
Tikkurila rainfall duting 20 days after headed
(RB,) increased 1000-kernel weight (Fig. ©6).
However, temperature had the strongest effect
on grain growth and 1000-kernel weight by
regulating the length of the grain growth period
(Fig. 7, Fig. 10). MArcELLOs and SINGLE (1972)
showed that high temperature reduces the length
of the grain growth period, and thereby de-
cteases the time for photosynthesis and dry
matter accumulation into the grains.



High grain yields were low in protein content
(Fig. 8). High temperatures and reduced water
supply ‘decreased yield but increased protein
content (table 2). KoLperur (1975) confirmed
that h_lgh t'emperiturf‘:s and reduced watering
decreased carbohydrate production more than
protein production. However -under optimal
conditions both yield and protein content may
be high, e.g. yields 1, 2 and 3 in Fig. 8. These
yields are from wet years when wheat was grown
on sandy clay rich in otrganic matter, and thus
water and nutrient supply was unlimited.

The correlations between yield, length of
growth periods and temperature and rainfall
obtained in this study are similar but stronger
than those obtained by PomjanaemMo (1959)
using monthly mean temperature and rainfall
data.

Temperature strongly regulates the length
of development periods of wheat (table 2, Fig.
10). According to the Polish study (Derurar
1974) there is a hyperbolic dependence between
temperature and the length of development
period. To attain a certain development stage,
wheat requires a determined sum of mean daily

temperatures counted above a certain threshold,
which is different for each development period.
The threshold tempeératures of effective temper-
ature sums calculated for Ruso spring wheat
(Table 3) are similar to those obtained by Deru-
TAT (1974) for.Polish spring wheats: sown to
headed, in Poland 3°C and Finland 4°C; headed
to ripe, 9°C and 8°C; sown to ripe, 4°C and
6°C, respectively (Fig. 11). However, under
Finnish conditions rainfall during June (RA,)
affects the threshold temperature obtained
for the grain growth period and total growing
time (Table 3). It is obvious that by using effective
temperature sums calculated from a large amount
of data with the above-mentioned method it is
possible to predict the occurence of a given
development phase of spring wheat rather
accurately, especially when the variation in day
length before ear emergence of spring wheat
within wheat growing areas in Finland is little.
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SELOSTUS

Siitekijoiden vaikutus kevitvehnidn satoon ja kasvuun.

Markxu KONTTURI

Maatalouden tutkimuskeskus

Tutkimuksessa pyrittiin selvittiméiidn sidtekijéiden wvai-
kutusta Ruso kevitvehnin satoon, 1 000-jyvinpainoon ja
valkuaispitoisuuteen sekd kehitysjaksojen pituuteen las-
kemalla korrelaatioita Ruson eri kehitysvaiheissa vallin-
neiden sddolojen (sademiird, keskilimpétila, kokonais-
siteily) ja edelldi mainittujen Ruson ominaisuuksien
(sato jne.) vililld. Lisiksi kehitysjakson kestoa kuvaamaan
mairitettiin kullekin jaksolle ominainen tehoisa lampdotila-
summa. Havaintoaineisto on koottu Maatalouden tutki-
muskeskuksen (Anjala, Mietoinen, Tikkurila) lajike-
kokeista vuosilta 1966—78.

Ruson jyvisatoon vaikutti voimakkaimmin kesikuun
sademiird, jonka »todelliselle vaikutukselle» koepaik-
kojen vilisen, maalajieroista johtuvan, satotasoeron pois-
tamisen jilkeen saatiin regressioyhtild (kuva 3 b):

y =a+94,63x—0,60x2 (R2=0,61) eli 80 mmiin
saakka kesikuun sademiiri (RA,) lisid Ruson satoa.

Jyvinkasvujakson siteilymiirin ja sadon vililld oli
merkitsevd positiivinen korrelaatio (r = 0,71*%*), Sadon
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ja 1000-jyvipainon vililld oli erittdin merkitsevd posi-
tiivinen korrelaatio (r = 0,72***), kun taas sadon ja
valkuaispitoisuuden vililli oli merkitsevd negatiivinen
korrelaatio (r = —0,53%%),

Kehitysjaksojen pituus riippui voimakkaasti limpo-
tilasta., Korkeat limpétilat, etenkin kuivina vuosina,
lyhensivit voimakkaasti kehitysjaksojen kestoa. Korre-
laatiot eri jaksoilla olivat: kylvo—tihkintd r = —0,81%%%;
tihkinti—tuleentuminen t = —0,91%%%¥; kylvo—tuleen-
tuminen r = —0,87%** Kehitysjaksojen lyhentymisen
seurauksena sato ja 1 000-jyvinpaino alenivat.

Ruson kehitysjaksojen pituutta kuvaamaan saatiin
seuraavat tehoisat limpé&tilasummat ja kynnyslimpétilat:
kylvo—tihkintd 480° > 4°C; tihkinti—tuleentuminen
339° > 8°C; kylvo—tuleentuminen 874° > 6°C.

Aikaisella kylvolld ja kuivina keviinid kesikuun puo-
lessa vilissi suoritetulla sadetuksella voidaan kevitvehnin
satoa savimailla kohottaa ja pienentdd vuosien vilisid
satovaihteluja.
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