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"ANNALES AGRICULTURAE FENNIAE, VOL. 15: 295—303 (1976)

Seria HORTICULTURA N. 30 — Sarja PUUTARHAVILJELY n:o 30

SEXUAL REPRODUCTION IN THE CLOUDBERRY

Erra-Ma1jA RANTALA

RANTALA, E.-M. 1976, Sexual treproduction in the cloudberry. Ann, Agric. Fenn,
15: 295—303. (Agric. Res. Centre, Inst. Hort., SF-21500 Piikki6, Finland).

The cloudberry (Rubus chamaemorus L.) spreads by means of its rhizdmcs, and
seldom reproduces by seed. One of the reasons its seeds germinate poorly is that
they have a thick, hard seed coat. After stratification under natural conditions
seeds achieved over 40 % germination and after stratification in a cold chamber

for 13 months 31 %.

During the first months following germination, the aerial parts of the seedling
are weak and slow-growing. The main part of the seedlings energy is directed
to the formation of rhizomes, which send up new shoots from the developing

clone.

Index words: cloudbetry, Rubus chamaemorus L., sexual reproduction.

The cloudberry (Rabus chamaemorns L.) spreads
vigorously by means of rhizomes. In one
growing season, a cloudberry clone consisting
of numerous shoots and many metres of abun-
dantly branching rhizomes can produce up to
50 cm of new rhizome. Vigorous vegetative
propagation of this kind is much more advan-
tageous than reproduction by seed, where
success-is less certain. Sexual reproduction is of
vety little importance for the cloudberry
(OstcArD 1964,  MAkINEN- and OIKARINEN
1974), except in the colonization of completely
new habitats, . : »
However, teproduction by seed has .occurred
and does still occurr to some extent. Evidence
of.this is provided by the luxuriant cloudberry
stands often found on bird cliffs.far from the
Norwegian coast (ReEsvorr. 1929, Paursen 1972),
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and its occurence on the slopes of fells, at
altitudes far above the usual range of the cloud-
berry (Resvorr 1929). Ravens and many-sea
birds have been reported to eat ripe cloud-
berries and excrete the seeds over wide areas
(REsvorr 1929, @stGARD 1964, PavLsen 1972).
Bears  and foxes have been named as possible
dispersal agents (NorMmaN 1895), and, according
to- WarsoN (1964), in Scotland the seeds are
spread by grouse and: ptarmigan. L

Seeds from plants -of the genus Rubus ire
generally difficult to' germinate (JENNINGS and
TurLrocH 1964), -and germination percentages
so far obtained in experiments with the cloud-
berry have been low. However, sexual reproduc-
tion is important from the point of view -of
research; selective breeding, designed to produce
individuals with mote favourable properties, is
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Fig. 1. Bud at base of leaf in cloudberry seedling.
Magnification x 13,5

not possible unless seedlings can be obtained.
The use of seed would also facilitate the creation
of new cloudberry stands.

Material and methods

The material used in the germination experi-
ments was collected in summer 1973 at Ranua,
Simo, Inari and at Apukka in the rural district
of Rovaniemi. In summer 1974 it was obtained
from Pyhinti, Pyhijirvi and the Oulanka
National Park in Kuusamo. The fruit was kept
for 2—8 weeks in a refrigerator and the seeds
were then separated in a mixer and dried at
room temperature for 3—5 days. When dry,
the seeds were stored in a refrigerator until
taken for stratification. This was performed by
covering them with a layer of damp sand and
keeping them at ca. +1°C in a cold chamber.
In stratification experiments still in progress a
temperature of 4-4°C is also being used.

Instead of being stratified, seeds from Pyhinti
and Pyhijirvi were scarified with concentrated
sulphuric acid. The seeds were placed in petri
dishes and sufficient acid was poured over them
to cover them completely. After 1/2, 1 and 2
hours in the acid, the different batches of seeds
were rinsed thoroughly under running water
and sown in the usual way.
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Fig. 2. Overwintering bud on seedling. Bases of coty-
ledons and four leaves also visible.

Magnification x 13,5

The seeds were sown on the surface of a
substrate of natural raw peat and covered with
ca. 1 cm of sand. These seeds germinated and
the seedlings raised in an automatically regulated
mist propagation chamber.

Most of the stratification and germination
experiments were made at the Institute of Horti-
culture at Piikkio. Stratification was performed
under natural conditions in an experiment at the
Lapland Experimental Station at Apukka.

Structure of the fruit and seeds

The fruit of plants of genus Rubus consists of a
collection of drupelets. The number of drupelets
in cloudberry fruit ranges from 1 to 40 (SANDVED
1958, Larsson 1969, TavrLor 1971, ARNTZEN
1974), depending on the number of ovaries
and on the success of pollination. If the weather
is favourable for pollination, all the ovaries
may develop into drupelets, but most often,
especially if the flowering time has been cold
and rainy, the fruit consists of only a few
drupelets and a number of small undeveloped
ovaries.

Larsson (1969) weighed the fruits and seeds
of the different Rubus species, and published
the following table.



Species Drupelets/fruit W;moif‘s::glc W:e:i s:_:gg]c vesd z‘:gﬁwt‘ SE:[d f:::itn::é
Rubus idaeus .. ............... ... ..... 34 724 1,645 55,93 AT
R. saxatilis .. ... 3 280 9,825 29,48 10,9
P, 08 R ¢ LIt { Lt S S 29 1934 4,228 122,61 6,3
ol T S A Mg . I T RS 29 1019 2,659 T4 16
R. chamaemorus . ...................... 18 2490 8,168 147,02 549

Although the weight of the seeds in a single
cloudberry was greater (147,02 mg) than the
corresponding weight in any of the other

species, the seeds constituted only 5,9 9 of the

total weight of the fruit.

The seed contained by each drupelet is com-
posed of a seed coat surrounding a well-devel-
oped embryo. The greater part of the seed con-
sists of two thick, succulent cotyledons, with
contain the reserve food needed during germina-
tion. Between the cotyledons is a small plumule,
and below it are the hypocotyl and the radicle.

The seed coat has two different layers: the
inner, surrounding the embryo, is thin, soft and
dark; the outer is thicker and faitly hard. The
inner part of the outer layer is smoother and
harder than the part forming the seed surface.

The seed coat has a weak point beside the
radicle of the embryo, and here it starts to
disintegrate after the seed has been stratified for
some time. Similarly, stratification softens the
cells of the suture encircling the seed and joining
the two halves of the coat. When the seed
starts to germinate, the radicle emerges through
the weak point in the seed coat and the coat
splits along the suture, releasing the cotyledons,
which begin to turn green.

Polyembryony

The seed usually contains one embryo, but
sometimes polyembryony may occur, two or
more embryos being present in the same seed.
Polyembryony may arise from the division of
the zygote embryo, or the extra embryos may
develop from nucellar cells in the embryo sac
(HArTMANN and KEstErR 1968). Polyembryony
is by no means infrequent in the cloudberry.
So far all the polyembryonic seeds I have found
have contained two embryos.

The embryos were generally both well formed,
but were slightly smaller than the embryos of
normal seeds. In some cases one of them was
much larger than the other, but the smaller
embryo also appeared to be viable. Polyem-
bryonic cloudberry seeds are usually readily
distinguished from normal seeds, since in the
majority the seed coat has more or less cleatly
defined wrinkle down the middle of the seed.
Polyembryonic seeds are also often large.

The seed material collected in summer 1974
was examined and all the seeds that were large
and appeared to be polyembryonic were picked
up. Their seed coats were opened and the
number of the embryos checked. The following
numbers of seeds were found to have two
embryos: 102 of 2 956 from Pyhijirvi (3,4 9%,);
16 of 2150 from Pyhinti (0,7 9%); 22 of 2 422
from Qulanka (0,9 9,).

Fig. 3. Main root of seedling with the beginnings of
rhizomes visible as small, white swellings.
Magnification x 13,5
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Factors affecting germination

In many plants even under favourable conditions
the seeds will not germinate immediately -after
being released from the parent plant. Such seeds
are said to be dormant. Among the factors
responsible for the state of dormancy are: and
insufficiently developed embryo, an imper-
meable seed ¢dat (to water or gases or perhaps
both),. mechanical factors preventing germina-
tion, - or the*absence of special temperature or
light conditiéns. The -seeds may also cohtain
substances inhibiting germination, which gra-
dually” dlsappear.

All séeds need water for germination, and
germination is prevented if the seed coat is not
sufficiently thin or is other wise impervious to’
water.” In ‘nature the seed coat is gradually
softened by the activity of microbes, or by
being passed through the alimentary "canal of
fome animal. The seed coat is also weakened by

changes in temperature, causing the seed ‘to

expand and contract, and by other mechanical
factors. ' In the laboratory the coat may be
softefied by shaking the seeds with some ab-
rasive substance or treating them with various
chemicals. The chemicals - generally used-are
alcohol or acids; the former dissolves waxy
substances in the seed coat, but the mechanism
of the effect of the acids is not quite clear. Their
most important contribution may be softeding
the seed coat, but they may also accelerate the
disappearance ‘of inhibitory substances (MayYEr
and PorJAKOFF-MAYBER 1963).

Jenmmngs and Turrocu (1964) have treated
seeds of the genus Ribss with concentrated
sulphuric acid, and Professor A. Kallio of the
North Minnesota Experimental Horticultural
Station used 18 9, hydrochloric acid with rasp-
berry seeds (personal communication). Concen-
trated sulphuric acid was also used with cloud-
berty seeds, the treatment times being 1/2, 1
and 2 hours. None of the seeds in these batches
germinated, but none of the seeds in the control
group germinated either. These seeds were not
stratified. The effect of concentrated sulphuric
acid on empty seed coat halves was examined
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by allowing them to float on the sutface of
sulphuric acid solution for 1/2, 1 and 2 hours,
After two houts, there were small dark stains
on the inside of the seed coat, indicating that
the acid had penetrated the coat. The coats
treated for 1/2 and 1 hour showed softening
of the outer layer, but no signs that the acid
had penetrated to the inside of the coat. Rasp-
berry seeds have been treated with acid before
stratification (JENNINGS and Turrocr 1964); in
this way the time required for stratification can
be shortened. This method might also be
suitable for cloudberty seeds, but, in the experi-
ments undertaken so far, germination has not
been obtained with the cloudberry after acid
treatment alone.

Stratification

The seeds of some plants must be kept a long
time in 2 cold, damp place before they begin to
germinate; this treatment is known as stratifica-
tion. After a period of stratlﬁcatlon the seeds
gerrmnate when the temperature is ralsed ‘It has
been suggested that either substances promotlng
germination are produced by the seeds durlng
stratification, or the effect’ of 1nh1b1tory sub-
stances is decreased (LeoroLD 1964) Changes
in the enzyme activity of the seed have also
been observed during cold treatment, but itis
still uncertain whether these are the cause or
the result of the termination of dormancy
Usually "the seed coat also softens dunng
stratification. .

The stratification time and the tempefﬁfure
tequited vary with the plant species. In partic-
ular, the seeds of many of the Rosaceae have
specific . requirements for stratification (MAYER
and Porjaxorr-MAYBER 1963). Cloudberry seeds
are reported to need 2 long period of stratifica-
tion before they can germinate (Resvorr 1925,
Larsson 1969, Tayror 1971).

In the stratification  trials performed with
cloudberry seeds at the Institute of Horticulture,
the tempetature chosen was +1°C. In the first
trials the stratification times were 1, 2, 3, 4, 5,
6 and 7 months. The seeds in the control group



Table 1. Germination percentages of cloudberry seeds
after different periods of stratification

Table 2. Germination percentages of cloudbetry seeds
in mire and field

: Stratifica- | Germina- | Ra £ ; B
Date of sowing titor;“:ir;z, e:izlxlzna txe:tgmcegt l\sigédgf Collecting locality hgx‘:m?::lis CrnW;"?ﬂ Field
months % values hummocks
1974 3/4 3 0 — 500 Apukka ........... 2 6 22
5/5 4 0 — 500 Ranua ............ 10 32 16
3/6 5 1 0— 3 500 SIMo .. ..iiennenn 26 30 44
10/7 6 10,4 5—15 500 Inati ....oovvvnnnn. 18 10 48
2/8 7 3,6 0— 9 500 Mean ............. 14,0 19,5 32,5
59 .. 8 2.8 0— 6 500
1710 .. 9 10,4 7—14 500
gﬁ; . i(l) ;g’g 1?:%2 ggg LaRrssoN (1969) treated Rubus seeds as follows:
’ fruit collected in July—August was kept in the
1975 13;; e 1% %g’g ;;Zgg ggg refrigerator at ca. 5°C until mid-September,

were not stratified at all. Germination percentage
for the whole test material of 12 000 seeds was
very low — only 0,3. There were no differences
in germination between the seeds stratified for
different times. Evidently even seven months’
stratification was not sufficiently long.

The object of the next trial was to discover
at what time of the year conditions are optimal
for the germination of cloudberry seeds. Seeds
were sown at the beginning of each month
from April 1974 to February 1975. The duration
of stratification increased as the trial progressed.
The stratification temperature was still 4-1°C.

As is seen in Table 1, the germination percent-
age rose as -the stratification time increased.
Thus the time of year does not appear to be
significant for germination. The seeds were
germinated in a mist propagation chamber, so
the temperature and moisture did not change
greatly during the course of the yéar. The only
factor which varied widely was the intensity
and spectral composition of the light, but this
does not appear to affect’ germination as much
as an increase in the length of’ stratification.
A trial designed to eludicate what temperature
is 'suitable for stratification and the time required
is at present in progress. Preliminary results
suggest-that the temperature of +1°C generally
used in the experiments undertaken so far is
much:. better.: for stratification than 4-4°C.
Tempetatures below 0°C cannot be used, since
the wet seed freezes and the embryo is destroyed
at only few degrees below freezing-point.

when the seeds were separated from the fruit.
The seeds were cleaned and sown in pots, which
were kept at ca. 0°C for ca. 7 months. This
treatment gave comparatively good results.
LarssoN (1969) stresses the fact that the seeds
were not allowed to dry at any stage. However,
in another experiment it was found that, rasp-
berry seeds for example germinated better if
they were allowed to dry out completely before
stratification (JENNINGS and Turrocy 1964).
According to Tayror (1971), cloudberry
seeds remain viable for fairly long; seeds dried
and kept at room temperature for as long as

‘five years have germinated after 12 months’

stratification.

Stratification under natural conditions

In summer 1974 cloudberty seeds were stratified
under natural conditions by being sown in a
field and in mire at the Lapland Experimental

-Station at Apukka. The seed material collected
-the preceding summer from Inari, Ranua, Simo

and Apukka, was'dried and-kept in a refrigerator
at ca. +6°C until it was sown in July..In-the
mijre the seeds were sown at a depth of ca, 5—8
cm, both on the hummocks and in the.areas in
Jbetween. In the field the seeds from Simo and
Inari were sown at a depth of 2 cm, and those
from Ranua and Apukka at a depth of 5—8 cm.

The seeds germinated better in the field than
in the mire. The greater sowing depth seems to
decrease germination. In the field, .all the ‘seeds
had the same kind of germination substrate,
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Fig. 4. Main root with rhizomes in ca. 3-month-old
seedling.

Magnification x 13,5

whereas in the mire conditions vary widely
within a small area. For example, there can be
great variation in moisture conditions in the
patches between the hummocks. Thus the
differences in germination between seeds col-
lected in different localities are not necessarily
due to the properties of the seed material; in
the mire, germination is also affected by the
heterogeneity of the germination substrate. The
poor germination of the seeds sown in the
mire may also be due to the great sowing
depth.

In 1953—1955, Norwegian workers estab-
lished five experimental fields for sowing cloud-
berries on the island Andeyan (@sTtcArD 1964).
Before sowing, all vegetation was removed from
the experimental fields and the soil was loosened.
The seeds were sown in rows at depths of 1—2
cm and 6—7 cm. The first summer the seeds
sown near the soil surface had 60—70 9,
germination and a year after sowing germination
had risen to 80 9,. The germination of the
seeds sown at the greater depth was only about
half as high. When both berries and seeds
separated from the fruit were sown, germination
results were equally good (Lip et al. 1961).
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The cloudberry seedlings

In the greenhouse, cotyledons appeared on the
first cloudberry seedlings about one week after
sowing. Germination is generally uneven; new
cotyledons may appear as late as half a year
after the first seeds germinate. When one month
old, the seedlings already has true leaves, the
first beginnings of a rhizome and an extensive
root system. At the base of each leaf the seedling
has an overwintering bud (ResvorLrL 1929,
Tayror 1971). According to Resvorr, (1929),
the seedling can have only three leaves, or
occasionally four. However the seedlings ger-
minated and raised in the greenhouse at the
Institute of Horticulture sometimes had as
many as eight leaves, and TayLor (1971) reports
that seedlings raised by him had 4—7 leaves.
The formation of so many leaves is the result
of the premature development of the buds.

The seedlings grown in the greenhouse also
rested during the winter. New shoots grew
from the buds some months after the winter
rest. In winter 1974, the leaves withered in
November—December and new leaves formed
in early spring. Before the beginning of the rest
period, the temperature of the greenhouse was
lowered from the usual 418°C to -+-10°C. In
autumn 1975, the same seedlings began their
rest period in September—October, although
the temperature did not change. The seedlings
thus seem to have an internal rhythm which
makes them begin their winter rest.

The leaves of the seedling are generally small;
in three-month-old seedlings the leaves had an
average length and breadth of 8,5 mm and 8,9
mm, respectively (n = 20). However, the seed-
lings had grown during the winter months,
when conditions are not optimal for growth

(seedlings sown on 3. 1. 1975, leaves measured
15. 4. 1975).

Growth is slow in the aerial parts of the
cloudberry seedlings, the greater part of their
biomass being below the ground. When the
seedlings were about three months old shoots
composed only 37,8 9, of the total biomass.
The underground biomass consisted of an



extensive root system and rhizomes. A seedling
that is a few months old, with stem length of
1—2 cm and leaves ca 1 cm? in size, may have
a root system extending more than 20 cm. The
roots branch abundantly. The rhizomes begin
to develop during the first months of the
seedlings’ life. They commence as small, white
swellings on the root and the foot of the stem.
The rhizomes elongate, giving rise to roots, and
may also develop buds, from which branch new
rhizomes. The bud at the apex of the rhizome
produces a new aerial shoot, when the apex
turns towards the surface of the soil and the bud
is exposed to the light. The seedling produces
rhizomes vigorously, surrounding itself with
new shoots. The clone originating from a seed-
ling of about two years may comprise 15 shoots
and many new rhizomes that have not yet
produced shoots (REsvorr 1929). When a seed-
ing has formed its first rhizomes and some
new shoots, it has passed the most critical phase
of its development.

The seedling apparently never flowers itself;
its role is to produce new shoots, which will
flower later (ReEsvoLrw 1929). In nature, the shoots
of the new clone do not flower until the 7th
year after sowing, but in the greenhouse, devel-
opment is somewhat quicker and flowering
shoots may appear after 4 years (DsTGARD
1964). In the experimental fields on the island
Andeyan (cf. p. 300) the cloudberry stand had
200 flowers 9 years after sowing, only 109
of which were pistillate. It might be expected
that cloudberry stands originating from seed
would have equal numbers of pistillate and
staminate flowers. The reason for the abundance
of the staminate flowers may be that the male
plants grow more rapidly and require a shorter
interval between sowing and flowering than the
female plants (OstcArp 1964).

The seedling in nature

Cloudberry seedlings are seldom found in
nature (REsvorr 1925, ArntzEN 1974). RESvoLL
(1925) suggests the following reasons: the
Sphagnum surface of mire is a poor substrate

Fig. 5. Seedling showing main shoot originating from

seed, new side shoot arising from rhizome, and rhizome

whose upward turning apex has begun to differentiate
into a new shoot.

Magnification x 7,5

for germination and the hard seed coat prevents
germination, or the embryo may be destroyed
by frost in the autumn. In addition, good fruiting
years seldom occur, so that viable seeds are not
often available. Larsson (1969) reports that
nothern Rubus species seldom germinate in
nature because the seeds readily dry out. Even
when seedlings do occur, they are so weak and
slow-growing at first that they cannot compete
for living space with the other mire plants.
In nature, the seeds do not germinate the same
summer the fruit was formed (Tayror 1971) but
the following spring, after natural stratification
has occurred.

At Teuravuoma in Kolari, a cloudberry seed-
ling was found in autumn 1975 in Hanhilehto
mire. The cotyledons were still present and its
leaves had an average length and breadth of
5 mm. The root system was long and richly
branching, and the beginnings of rhizomes
were clearly discernible. The seed from which
this plant had grown probably originated from
the fruit yield of summer 1974 or some earlier
summer. Since the cotyledons still remained,
the plant must have come up in the current
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growing season, but if it had grown from seed
falling in summer 1975, it would not have had
time to develop such abundant underground
biomass.

Summary

In nature the cloudberry rarely reproduces by
seed, and germination experiments undertaken
in the laboratory did not give good results.
Many factors may be tesponsible for its poor
germination: e.g., poor conditions for germina-
tion, the hard seed coat, failure of the embryo to
develop, or some substance in the seed that
prevents germination. The very thick and hard
seed coat, which is apparently one of the reasons
for poor germination, can be softened with
vatious acids.
treated with concentrated sulphuric acid germi-
nated. Another means of softening the seed

However, none of the seeds

coat is stratification. Cloudberry seeds stratified
for 13 months at ca. +1°C had 30,8 9, getmi-
nation. The best results were obtained with
seeds sown in the field in which the seedlings
were to grow; over 40 9% of them germinated
when they were sown at a depth of ca. 2 cm.
A greater sowing depth seems to reduce germi-
nation. Some of the seeds sown in mire also
germinated (ca. 17 %,).

The aerial parts of the young seedlings grew
very slowly, and the leaves formed during the
first months after’ germination were small. At
the base of each leaf is an overwintering bud,
which forms a new shoot in the spring. When
the seedling is only one month old, it commences
vegetative teproduction, and the beginnings
of the first rthizomes become visible. The greater
part of the seedling’s energy is directed to the
development of the underground parts; when
the seedling is ca. 3 months old, they form
62,2 9, of its biomass.
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-Hillan siemenellinen lisddntyminen
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Hillan lisdsintymistd siementen avulla tapahtuu ;harvoin -

luonnonolosuhteissa. My6skiin laboratoriossa ‘suorite-
tuissa iddtyskokeissa ei ole saatu hyvii tuloksia. Siemen-
ten heikkoon itdvyyteen voivat vaikuttaa monet eri teki-
jit: esimerkiksi huonot itimisolosuhteet, liian kovat sie-
menkuoret, alkion kehittymittémyys tai jokin itdmisti
estivi siemenessd oleva aine. Hillan siemenessd on hyvin

paksu ja kova siemenkuori, joka todennikdisesti on erds. .
syy siementen heikkoon itdvyyteen. Siemenkuoria voi-

daan pehmentdd esimerkiksi erilaisten happojen avulla.
Vikevilli rikkihapolla kisitellyt hillan siemenet eivit

kuitenkaan ole itdneet. Myos stratlﬁolmmen pehmcntaa,

siemenkuoria. Stratifioimalla hlllan siemenii 13 kuukautta
noin +1°C:een limpétilassa on paisty 30,8 % ltavyytcen.

Parhaiten ovat itineet siemenet, jotka on kylvetty pellolle

b

2 16335—76

1) Nyk. osoite: Ylioppilaskyld 17'A’10; 20500 Turku 50.

' kevaalla

taxmlen lopulhsclle kasvup:ukalle syksylld. YIi 40 9, til-
laisista siemenisti oli itinyt, mikili ne oli kylvetty noin

2 cm syvyyteen. Suurempi kylvBsyvyys niyttdd heiken-

_ tdvdn itdvyyttd, Myoskin suolle kylvetyistd siemenisti

osa iti (noin 17 %,).
Syntyvien siementaimien maanpailliset osat kasvavat

hyvin hitaasti. Kasyulehdet ovat ensimmiisten elinkuu-

kausien alkana pienid. . Kunkln kasvulehden tyvelli on
sllmu ]oka talvehtu ).é: }nuodostaa uuden ilmaverson
Jo kuukauden ikiisend siementaimi aloittaa
vegetatiivisen lisddntymisensi.. Ensimmaiset rénsyn alut
ovat tillsin havaittavissa. Suurxmman osan energiastaan
siementaimi. kayttaa maanalalsten osiensa kasvattamiseen.,
Noin kolmen kuukauden 1ka1sten siementaimien bio-

massasta 62,2 %, .on maanalaista biomassaa.
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FIXATION OF AMMONIUM AND POTASSIUM APPLIED SIMULTANEOUSLY

IN FINNISH SOILS
Jouko Srrrora

StrpoLa, J. 1976. Fixation of ammonium and potassium applied simultaneously
in Finnish soils. Ann. Agric. Fenn. 15: 304—308. (Agric. Res. Centre, Inst.
Soil Sci:, SF-01300 Vantaa 30, Finland).

The fixation of ammonium and potassium when added simultaneously to surface
and subsoil samples representing various soil textural classes (soil types) was
studied. Effects of 0,1 IN HCL extraction and hydroxy-Al treatment on fixation
were also investigated.

On average, from 10 to 36 % of the one mllhequxvalent of ammonium and
potassium applied was fixed in surface soil samples. In subsoils fixation was stronger,
averaging from 26 to 56 % of the amounts added.

In surface soils the ratio of fixed ammonium to fixed potassium ranged from
0,50 to 0,83. In subsoil samples the corresponding ratio was from 0,58 to 1,7.
When sutface soils were extracted using 0,1 IN HCI, relatively more ammonium
was fixed and the calculated NH,/K-ratios were similar to those of subsoils. In
subsoils pretreated with hydroxyaluminium solution, ammonium and potassium

were fixed in ratios similar to those in untreated surface soils.

Index words: Ammonium and potassium fixation, aluminjum interlayers.

INTRODUCTION

When ammonium and potassium are added
simultaneously to soils which fix these elements
it is usual that 1,5—2 times more ammonium
than potassium temains nonexchangeable
(Nommik 1957, Jansson and Eriksson 1961,
Dissing Nrersen 1971). In some acid soils,
however, the reverse otder of fixation has been
noted (Sterora et al. 1973).

The hydroxy-Al ions in the interlayers of clay
minerals have been observed to affect the
absorption selectivity of potassium over calcium
and aluminium in vermiculite or K-depleted
micas (Kozak and Huane 1971). It is also
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known that hydrolyzed aluminium in the inter-
layers of vermiculite restricts the collapse of
crystal spacings when saturated with potassium
(SawnNey 1967). The presence of aluminium
and its hydrolyzed forms in the interlayers of
fixing minerals may explain the differences in
fixation of ammonium and potassium in different
soils.

The aim of this study was to test the effect
of simultaneous application of ammonium and
potassium on their fixation in various types of
soils. Also the possible effects of aluminium on
fixation were investigated. [



Table 1. The means of pHy o, organic C and clay percentage in soil types (9 samples each) with confidence limits
at the 959, level.

. Héavy clay Silty clay .| Sandy clay Gyttja clay Silt ﬁs:-:::zd

pHy,0 .

surfaceé soil ...............0 6,040,4 5,6+0,3 5,740,3 5,240,1 5,4+0,3 5,710,4

subsoil ......oiiiiiiiiiin, 6,54+£0,5 |. 6,140,3 6,24-0,3 4,540,3 5,84+0,4 5,84-0,5
Otg. C%

surface soil ............. ... 3,441,2 4,341,7 3,14+0,9 6,24-1,2 3,1+1,0 3,5+1,7

subsoﬂ ....................... 0,740,2 0,8-+0,3 0,84-0,3 1,5+40,3 0,8+0,6 0,64+0,2
Clay 9% :

surface soil ......iiiiiiiien.. 7043 474-5 3545 46412 2544 1445

subsoil ......... .ol 80+8 4846 4346 49412 2643 1548

MATERIALS AND METHODS

The material used in this study included 54
surface and 54 subsoil samples, collected from
various parts of Finland. Some properties of
the soils, divided according to the ‘textural
classification used in Finland,
Table 1. Soil pH was measured in water suspen-
sion (1:2,5). For organic carbon a colorimetric

are given in

dichromate wet digestion method was used andv

the content of clay was determined by a pipette
method. '

The slmultaneous fixation of ammonium and
potassmm was determined by addmg 25 ml of
solution containing ammonium and potassium
to 5 g of air-dried and powdered soil. The
amount:added was 1 me of each element to 100
g soil. The suspension was shaken for one hour
and then 25 ml 1 NV CaCl, was added and it was
shaken for: another hour. Then the suspension
was centrifuged and clear supernatant was poured
off for determinations.
fixed was determined by steam distillation using

The ammonium not

MgO as the base.’ Potassium was determined
with an atomic absorption spectrophotometer.
The contents of soil exchangeable ammonium
and potassium wetre taken into account.

The effect of aluminium on fixation was first
studied by adding partly neutralized AlCls-solu-
tion to the samples, shaking them and letting
them stand for a week (SawnNey 1967). The
AlClg-solution was prepared as fol_ldws: To
AlCl,-solution, containing 5,4 g Al in 800 ml
water, 110,5 N NaOH solution was added drop-
wise while stirring and volume was finally
made to 2 L ‘

The effect of extraction of aluminium on
fixation was tested after extracting-the samples
with 0,1 NV HCI for 1 h (Karoor 1973). After-
wards, both the above treatment samples were
saturated with calcium and excess salts were
washed away before the addition of ammonium
and potassium. All treatments were duplicated.

RESULTS AND DISCUSSION

Fixation of ammonium and potassium

About one third each of the ammonium and
potassium added was fixed in heavy clay surface
soils (Table 2). Fixation decreased with coarser
textured soils until in the fine sands only about
one tenth of the amounts added were fixed. In

surface soils fixation of potassium was. much
stronger than that of ammonium.

The total’ amount of the quantities added
fixed in subsoils is almost twice that fixed in
surface soils. The increase in fixing capacity in

-subsoils is partly due to an increase ‘in clay
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Table 2../The: fixation

of . ammbnium#and potassiumh -as me/100 .g ofl. the applied: 1 me/100 ‘g, Confidente limits at

1. 95 % dlevels -

: i § % ! .

o ! - H;:avy clay.. | . Sjlty glay . S%ndy clay: | - G?yttja clay Silt ﬁf;::;d

Sutface soils.i : . l : ¢
Ammohium .. { . 0,3040,09 | 0,204-0,05, {:0,144:0,04.] .0,134-0,04 | 0,13+0,02 };:;0,10-40,02
Potassium . 4 L0,3610,04 | 0,2520,03| 0.213:0,02. 0,263:0,06 | 0,20:£0,03 | 0,15:0,03

Ratio NH4/K 0 83 © 0,80 0,67 0,50 0,65 0,67

Subsoils:, - RS S [ S : R S R S
’Ammomum b eaene ] 0,56 :{30,14" 0,514-0,23.],0,40 £ 0;15:},0,144-0,04 |.0,27 £0,20. 0 ; ;{:0 14
Potassium:i........... Beeeas 0,4240,06 | 0,304+0,06 | 0,2640,05 | 0,24+0,04 | 0,194+0,05 | O, 16+0,05
Ratlo NH4/K ...... P 11,33 1,70 1,54 0,58 1,42 094

N B 8 . % . 14 o el H B L . . BT

s FEPE a L .

percentage"ir'; 0,50¢#%). A higher degree of

weathering and a higher content of organic

matter partly restrict fixation i -sutface ‘soils’

(KAILA 1962, Frink 1965). In the present
matenal the corrclatron coeﬁiaents Between thé
sum of potasslurn and ammomum ﬁxed pH ‘and
content of organic carbon were 060*** é.nd
—O 40"‘*"< respectlvely '

In subsods contraty to surface soils, ammo-
fium ‘was fixed preferentlally in soils ‘of all
textural® classes other than gyttja’ clay and ﬁner
ﬁnesand o o

“ The ratlo ‘of fixed ammionium to ﬁxed potas-
sium in 1nd1v1dua1 samples ranged from 0,36 to
159. 'I‘he average ‘ratios for soil types of subsotl
samplcs are of same order as the ratlos for

[

similar soils studied earlier (SIPPeLA et al. 1“9-73).
The ratios also resemble those obtained by

" Nomirr (1957) for vermiculite.

I AR A T S PR

+ - Effect.of h'ydroxy-AI treatment : -
The" agemg of surface so11 samples m hydroxy-AI
solufion appears to increase ﬁxmg capac1ty in
all soils except heavy clay (Table 3) The higher
valies in, _Table 3 compared to the values in
Table 2 are due to the fact that only thtee surface
and three subsoil, samples ‘of h1gh ﬁxmg capac1ty
from each’ soil type wéré taken for treatments.
A comparison of the results obtained for indi-
vidual surface soil samples showed that hydroxy-
Al treatment ‘had no 51gn1ﬁcant: effect on total

M P - . .}

[ S

Table 3. The fixation of ammonium and potassium as mef100 g after treatment of samples with hydroxy-aluminium

solution or. extraction with 0,1 IV HCL Means of 3 samples in each soil.type.
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Heavy clay Silty' clay - :Saxtdy clay ‘Gyttjd‘clag' I EEERITY PSR B ﬁrI:tl:g:;d

Al-treated ] " o -

. Surface soils - toa - PR R L] (DR DURRE ST P
Ammonium ... ...eieeiiann 0,28 025, | ..023 00,21, 0,14 0 14
Potassium ......ccvvveenenns 0,33 0,33 -~ 70,31 0,29 ‘| ~ 0,20 0,23

Ratio NH,/K ............ 0,85 0,76 0,74 0,72 0,70 0,61
Subsoils
Ammonium .........0iann. 0,27 0,22 0,25 0,22 0,12 0,14
Potassium .......c.evenunnnn -.0,33~ - 0,36-- 4 - .-0,33 0,31 0,20 0,24
Ratio NH,/K ............ 0,82 " 0,61 0,76 ~ 0,71 0,60 0,58
" Extractediwith 0,1 IV HC] { e
Sutface soils . - . . . L -
Ammonium ........ ... 0,28 0,23 ¢ 0,19 0;22 0,18 |+ - 04157
_Potassium .:i,...viiineeann, 0,19. 0,17 . 0,15+ 0,16 . 0,097 | . 0,07
.+ 1 Ratio NH4/K .................. 1,5 1,4 1,3. 1,4 _2,0 R R S
Subsolls - ) Pl et
* Ammonium . .... ,.'..ﬁ.-. ....... 0,29.- 0,22 - 0,20 0,22.. 20, 15 ik 15015
Potasslum 0,16 0,16 0,18 0,14 0, 08 ~| . 0,08
“Ratié NH4/K 1,8 1,4 -1,1- 1,67 - 5"1,9 P19



fixation but it caused changes in the ratios ‘of

amounts fixed. Potassium was fixed in larger

PO DA VR S S A AT . T
quantities’ than amifioiium, as Wwas the cas€ with

untreated samples.

In subsoils hydroxy-Al treatment decreases.
fixation of ammonium to below the level of that
in untreated soils while potassium . fixation .

remains almost unchanged. The ratios of fixed
ammonium to- fixed- potassium are :much lower
for Al-treited than fof untreated subsoils: Thus
hydroxy-Al has a clear effect on fixation’ although
the time given for mterlayer formanon was only
one. Week The OH/AI-ratlo was. 2,5, to ensure
mpld formatlon of intetlayers.-

B

l Eﬂ'ect of HCl extractlon

The extraction of soils Wlth 0 1 N HCl before
adding of ammonium and potassium. diminished
fixation - capaclty quite * considerably (Table 3).
Alsd. the ratio of amounts fixed changed so that
ammonium was ‘fixed in larger:,quan_trtles than
potassium, This change was very clear in the
case of surface soil samples.

Although the samples were washed free of
acid with 1 IV CaCl, solution (pH adjusted to 7),
the washing did not remove the fixation-hin-

déting effect of an acid tteatment, as noted for
example by WIKLANDER (1950) and by NommiIx

(1957, However; the change’in ‘ratios of fixed

ammonium to fixed potassium in surface soil

samples compared to untreated or Al-treated
“soils is clear. If adsorbed aluminium were the

reason, for lowered fixation in case of HCI
treated samples, this should have resulted in
ratios . of fixed ,.ammonium_similar .to those of

‘potassium,. as in.the'caseiof Al:treatment. There-

fore, it may.be that the 0,1°N:HCl used broke
‘down the-most easily déstiuctable crystals. This
also seems likely’ because the” largest drop in
fixation occurred in clay soils. .

On the other . hand. Kapook. (1973) found

0,5—1, O N HCI to be the most ‘effective ex-

tractant’ of cementmg mateﬂal from Norwcglan
podzol soils, and it was not found to destroy
minerals. It was on this basis also, that 0,1 N'HCI
was selected for the present study from several
milder” agents generally used fof extraction of
mterlayer miaterial (FRINK 1965) The amounts
of” alumlmum extracted ranged from 42 to 191
me/100 g soil, thus exceeding by far the amount
which could be held in exchange positions. This
indicates also that aluminium precipitated on
soil particles, and possibly fine particle size

minerals, has been dissolved.
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SELOSTUS . _ .

Maahan samanaikaisesti lisityn.-ammoniumin ja kaliumin pidittyminen

v

Jouxo Sierora

Maatalouden

Maantutkimuslaitoksella aikaisemmin tehdyssi tutkimuk-
‘sessa, jossa ammoniumia ja ‘kaliumia lisittiin jankosta
otettuihin maaniytteisiin samanaikaisesti, todettiin, ettd
useimmissa tapauksissa ammoniumia pidittyi enemmin
kuin kaliumia, Kahdessa niytteessd, joiden vesilietok-
sesta mitattu pH oli 5,2 ja 5,3, pidittyi kuitenkin
kaliumia enemmin' kuin ammoniumia. Timin jatko-
tutkimuksen tarkoituksena oli selvittid laajempaan ‘maa-
niyteaineistoon (taulukko 1) perustuen samanaikaisesti
mazhan lisityn ammoniumin ja kaliumin pididttymisti.
Lisiksi pytittiin happouuton ja alumiinin lisiyksen avulla
selvittdmidn pidattymissuhteiden riippuvuutta  alu-
miinista, '

Sekd muokkauskerroksesta etti pohjamaasta otettui-
hin niytteisiin lisittiin liuvosmuodossa ammoniumia ja
kaliumia miirit, jotka vastasivat 280 ja 640 kiloa hehtaa-
ria kohti (1 mef[100 g kumpaakin). Muokkauskerroksen
niytteisiin pidittyi maalajista tiippuen 10—36 %, lisi-
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tutkimuskeskus

tyistd madristd, Aitosavet pidittivit eniten ja hienoa hie-
taa olevat maat vihiten (taulukko 2). Pohjamaaniyttei-
siin pidittyi 26—56 %, lisityistd midristd.” Pohjamaan

pidatyskyky oli siten selvisti suurempi kuin muokkaus-

kerroksesta otetun maan pidityskyky johtuen osaksi suu-
remmasta savespitoisuudesta. Muita tekij6itd, joilla ilmei-
sesti on osuutta suhteellisen suureen pidittymiseen i:ohja-
maassa ovat pohjamaan orgaanisen aineksen vihyys ja
muokkauskerroksen pH:ta korkeampi pH. Liejusavi-
maiden seki pinta- ettd pohjamaaniytteet pidittivit saman
verran eikd pinta- ja pohjamaaniytteiden kohdalla ollut
eroa ammoniumin ja kaliumin pidittymissuhteessa kuten
muilla’ n;aa'lajeilla.

Niytteiden nutto 0,1 IV HCL:1la johti kokonaispiditys-
kyvyn alentumiseen. Samalla kuitenkin ammoniumin ja
kaliumin pidittymissuhteet muuttuivat siten, ettd pinta-
maandytteisiin kyseisid foneja pidittyi samassa suhteessa
kuin kisittelemittomiin pohjamaandytteisiin,
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RECOVERY OF THREE TEMPERATE-CLIMATE GRASSES
FROM DROUGHT STRESS

TmMo MEerA and Vicror B. YOUNGNER

Mera, T. & YOUNGNER, V. B. 1976. Recovery of three temperate-climate
grasses from drought stress. Ann. Agric. Fenn. 15:309—315. (Agric. Res.
Centre, Inst. Pl. Husb., SF-01300 Vantaa 30, Finland). -

Ability to recover after drought stress of three grass species, orchardgrass (Dactylis
glomerata 1.), meadow fescue (Festuca pratensis Huds.) and timothy (Pbleum pratense
L.) was studied in a pot experiment. Different levels of water stress were obtained
by discontinuing the watering on three dates at weekly intervals.

Water stress progressed quickest in the meadow fescue pots and slowest in the
timothy pots. Drought treduced the weight of roots relatively more than the
weight of tops but it had no statistically significant effect on tillering. Drought
increased the percentage but decreased the absolute amounts of non-structural
carbohydtates of roots in propottion to the severeness of drought stress. All
plants less one survived water stress under the wilting point for 1—11 days,
varying from —22 to —55 bars at the end of drought treatment.

Watering was recommenced at cutting. Timothy which was overtaken by lower
water stress than the other two species recovered quickest. During the first 2—2,5
weeks of the regrowth period the dry weights of tops and within 4 weeks the
dry weights of roots of timothy plants among different drought treatments equal-
ized. The respective dry weights of the most stressed orchardgrass and meadow
fescue plants still stayed reduced after 4 weeks of the regrowth period. Regrowth
of tops was more vigorous than that of roots. In the beginning of regrowth the
non-structural carbohydrate content and stores of roots decreased rapidly and
fell lower in drought treated than in continuously watered plants. Within 4—5
weeks the content of non-structural carbohydrates was still reduced but their
actual amounts in drought-treated plants had reached or surpassed their level at
cutting time. The carbohydrate stores of roots of continuously watered plants
were still lower than they were at cutting.

Index words: Dactylis glomerata L., Festuca pratensis Huds., Phlenm pratense L.,
drought stress, recovery after drought stress, regrowth, root growth, top growth,
non-structural carbohydrates.

INTRODUCTION

-Rapid. recoyery. of ‘grasses from drought is im- In most experinients the recovery. of.grasses
portant .so, that. maximum benefit ‘may be ob- has been excellerit. Upon release after prolonged
tained from irrigation or precipitation. However, —water stress their growth has - been . rapid ex-
the research work done on this subject is scarce.  ceeding even that of the control plants (Asuby
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and May 1941’ LauDE~1953); Tt' has beed '_:f(JULANDER 1945).. Nrtrogen fertrhzanon _de-

concluded that a factor of -gieat importance is -

good dormancy of the basal buds during drought
and their rapid development into tillers after
moisture becomes available (MarTIN 1930). As

a result of water stress an increase in the number

of tiller buds upor rewaterrng has been noted:

(AspINALL et al. 1964).

The recovery of grasses from diought is
favoured by proper management. Grasses should
be grazed moderately to provide adequate food
reserves for Viggrous recovery after drou_‘ght

s

The experiment was conducted at the University

of California, Riverside ‘in "1972—73. Finnish_

vatieties of orchardgrass, meadow fescue and
timothy were used, all three being: called Tam-
misto (Tammisto Plant Breedlng Station, F1n—
land). )

The plant matérial was sown in a greenhouse

in November 1972, three seeds per 7 cm X 7 cm

peat pot. The young plants were thinned to one

plant per pot. One month after germination.
they were moved into an illuminated refrigerator-
(5° C) to induce the reproductive growth phase:

On 3 and 4 January 1973, the plants wete trans-
ferred to 3,8 liter plastrc pots filled with equal
amounts by weight. of a soil. mixture :of 60 ¢

sandy loam and 409, ‘peat moss with P, K,'andl

micronutrients, Gypsum moisture sensing blocks
were placed 5 cm .above the ‘bottom . of three
pots in each treatment; 36. _pots altogether The
total of 180 pots were arranged.in a split-plot -
design with 4 replicates.
Greenhouse.temperature maxima ranged from

20 to 28 °C, and the minima from 5't¢ 10.°Cin. -

January and froffi- 10 to-15 °C in Februdry and
Masch. The highest temperature recorded was
31 °C, the lowest 3,5 °C. The relative humidity
ranged from 40 to 60 %, in the daytime and
from 80 to 95 9, at night. .-
Watermg of one quarter of the plants of each
“speciés - was ‘stopped at weekly intervals on 15,
'22 and 28" Januaty while Watering of orie quarter
-of them: was continued throughout the experi-
~mett Y(Treatments A, B, C and ‘D respectively).

1310

credses’the percent of totdl non-structural carbo-
hydrates, lowers the resistance to wilting and
slows down the recovery of grasses after drought
(WarscHE and Wapbpingron 1975).

In the present study recovery of growth of
tops and roots was ifivestigated on three tem-

' perate-zone grass species, orchardgrass (Dac-

tylis glomerata 1.), meadow fescue (Festuca pra-
tensis Huds:) and ‘timothy (Phlenm pratense L.) to
clear up the prospects of irrigation of droughted
pastures and grass for silage. ..

MATERIALS AND METHODS

Before the start of the first drought treatment
all plants were watered weekly with nutrient
solution., .

After all pots under the dry treatments had
wilted, "every plant was clipped to 5 cm. This

marked the beginning of ‘the recovery period,
"during which all the plints were watered equally.
_ The starting dates of the recovery periods wete

13, 15 and 17 February for timothy, meadow
fescue and orchard grass, respectively.

“Four plants of each species were sampled
from’ each treatment at the start of the drought
treatments at the beginning of the recovery
.period, after two weeks of recovery (4 March),

rand aftet four weeks' of recovery (16 March),

Determinations were made of the samples of fresh
and dry weights of the tops, dry weights of the
£oots, lnur'nber .of tillers and non-structural

carbohydrate content. of the roots. The total

“heights of the plants wete measured at intervals
-of a few days. The results weré tested with the

analysis of variance.

Non-strictural carbohydrates of grasses of
températe origin are marnly fructosans (SmrTH
1968), therefore, '0,02' N H 250, was used to
extract the carbohydrates from the root samples
(GroTELUESCHEN and SmitH 1967). Reducing
power was measured by the Schaeffer-Samogyi
copperiodometric titration method described by

- Hemnze and Murngek (1940), which;-according

to Smrra (1969), has proved the most act:éptab'lc
.method. Root: samples for' the” analysxs were
-dried in a freeze dryer.” o . v L



RESULTS AND DISCUSSION

Water Stress

Flgule 1 shows the progless of drymg of the
soil in different drought treatments. The average
number of days.for which the- grasses were
subjected to —2 to —20 bars water stress were
as follows:

—32 bars —20 bars
A B C A B C
Otchardgrass . 18 14 10 10 8 1
Meadow fescue 17 16 14 11 8 7
Timothy ..... “15 14 7 10 71

The meadow fescue pots dried quickest and the
timothy pots slowest. The plants stayed wilted
through .day at —15 to —20 bars water stress.

The drought treatment was applied during the

vigorous growth of young plants. The dry
-50r A
. —40f- ORCHARD GRASS
~30F
-20F ..
-loF . .
N c
32 OA ) ? L =
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Z 0 o .
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_30_
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5 . 20 . 25 30 .5 1o 15
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Pig. 1. The progress of arying_ of the soil in the drougllt'
treatments A, B, and C..Watering was 'stopped on- 15,
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weights of the tops and roots were reduced by
drought in proportion to the length of the
drought treatment (Tables 1 and 2). The inhibi-
tion of the growth of the roots by drought was
relatively greater than that of the tops. At the
end of the drought treatment orchardgrass had
latrger tops and roots than the other two species.

The average height of the grasses was reduced
by less than 109, by even the most severe
water stress. Drought had no statistically sig-
nificant effect on tilleting (Table 3). Meadow
fescue formed more tillers than orchardgrass
and timothy, which were approximately equal
in this respect. The most severe drought killed
only a few orchardgrass tillers and none of
those of the other species. One orchardgrass'
plant died during the drought treatment. The
present results are in contradiction to the ob-
servation of BrRown .and Braser (1970), which
showed an increase in the number of tillers of

Table 1. Mean dry weight of tops of plants in the different
drought treatments and phases of the experiment.

Regrowth
: Start of Defolia-

Treatment) | treacment tion 2)

R March 4 March 16

g g ) ) g R :4
Orchardgrass
AL 0,4823) 1,912 1,828 - 5,73
B ....... 0,850 2,39ab 2,76v 6,132
C....... 1,58¢ 2,87ve ©3,02ve . 7,13v
D e 1 - 3,49¢ 3,58¢ 7,01
Meadow fescue
AL, 0,432 1,67 2,142 6,842
B ....... 0,90v 2 1780 3,12v 8,30r
C....... © 1,60¢ 2 26> 3,680 8,75v
D....... — 3,34° " 3,80¢ 8,560
‘ Timothy

AL 0,382 1,752 © 4,172 9,142
B ....... 0,860 2,31ab 4,400 9,548
C....... 1,88¢ 2,450 4,51 9,51
D....... . — - 3,20¢ 3,97 - 6,910

1) Dates of the beginning of the drought treatments 15
(A), 22 (B), and 28 (C) January D = continuously
watered control. o )

?) Dates of defoliation and the begmnmg of regrowth
13 (timothy) 15 (meadow fescue), and 17 (orchard-

. 'grass) Febtuary )

3) Means in each column for cach species by the same
letter do not differ - significantly at the 59 level
according to Duncan’s Multiple Range: Test.
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Table 2. Mean dry weight of roots of plants in the
different drought treatments and phases of the experiment

Regrowth
Treatment ) Start of DFfoliz-
treatment tion %) March 4 March 16
g g g g

Ozchardgrass
A 0,3783)| 0,840 0,96 1,688
B .....s 0,58 1,23 1,200 | 1,89
Cuinin. 1,370 1,56 1,65 2,08
Douuernn. — 3.18¢ 2.46¢ 2,75b

Meadow fescue
A, 0,26% 0,628 0,73 1,498
B....... 0,572 0,958 | 1,11 | 2,26
C.uuni. 1,69 1,200 1,570 2,61
D....... — 2,85¢ 3,08¢ 470¢

Timothy

A 0,312 0,582 1,468 3,060
B...... 0,412 0,75 1,63 2,95¢
C ... 1,600 1,33 2,14v 3,082
D....... — 2,08¢ 3,65¢ 3,200

1), 2), %) see Table 1.

Table 3. Mean number of tillers of plants in the different
drought treatments and phases of the experiment

Regrowth
Treatment 1) Start of D'cfolia,-.
treatment tion %) March 4 March 16
no. no. no. no.
Otchardgrass
A .ol 15,803) 25,82 29,5 57,58
B ....... 19,5v 29,02 33,32 61,8
C....... 24,8¢ 31,52 39,3 64,02
D....... — 27,82 33,82 65,82
Meadow fescue
AL, 13,82 33,32 44,32 94,52
B ....... 20,80 - 33,52 42,82 83,02
C....... 26,5¢ 33,02 44,32 92,52
D....... — 33,52 48,32 80,82
' Timothy

Ao - 10,8 23,32 42,32 69,3
B....... 16,6 31,32 43,58 71,3
C....... 19,5¢ 24,32 41,8% 64,32 .
D....... —_ 26,32 37,02 69,82

1), %), 3) see Table 1.

orchardgrass at a high moisture level. On the
other hand, AspiNarLL et al. (1964) noted an
increase in the number of tiller buds of barley
as a result of water stress.

Drought increased the percentage of non-
structural carbohydrates of the: roots (Fig. 2).
Timothy roots had the.highest carbohydrate
content. However, since drought inhibited root
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growth, the more severe the drought treatment,
the smaller wete the absolute amounts of non-
structural carbohydrates in the roots (Fig. 3).
Juranper (1945) and Brown and Braser (1970)
have also found that the relative amounts of
non-structural carbohydrates increase in grasses

-
com >0

Orchard
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(o]

(44

Percent carbohydrates

16

17 4 16 1 4
March

5 613
Feb March Feb

4 1
March Feb
Fig. 2. Changes in percentage (dry weight) of non-
structural carbohydrates in roots after defoliation.
Watering in the drought treatments A, B, and C was
stopped on 15, 22, and 28 January, respectively, and
recommenced at the beginning of the regrowth period.
D = continuously watered control.
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Fig. 3. Changes in quantity of non-structural carbo-

hydrates in roots after defoliation.” Watering in the

drought treatments A, B, and C was stopped on 15, 22,

and 28 Januaty, respectively, and recommenced at the

beginning of the regrowth period. D = continuously
' watered control.



under dry conditions. Braser et al. (1966)
suggests that carbohydrate accumulation in plant
tissues involves a dynamic system of energy
balance: (1) there is net energy loss when the
amount of carbohydrates required for growth
exceeds the supply from photosynthesis, (2)
catbohydrate accumulates in the tissue when
growth demands are low as compared with
fixation by photosynthesis. '

Regrowth

After the first 2—2,5 weeks of the regrowth
period, effects of drought were still visible in

the dry weights of the tops and roots of the’
orchardgrass and meadow fescue plants that had

grown under dry conditions. They were still
smaller than those of the plants watered con-
tinuously. Timothy which was overtaken by
lower water stress than. the other two species
recovered quickest. Timothy plants which had
suffered water stress grew very vigorously at
the beginning of the regrowth period and the
dry weights of their tops equaled those of the
plants watered continuously. Top yields of
timothy plants were larger than those of the
other species. ' 4

In the following two weeks the dry weights
of the tops incteased 2—3 fold. Although
drought-treated plants grew most at this stage
and differences between the drought treatments
became smallet, the effect of drought was still
apparent in top and root yields of orchardgrass
and meadow fescue. In contrast, there were no
differences among treatments in top yields of
drought-treated timothy and yields were sig-
nificantly larger than those of the plants watered
continuously. Top yields of timothy were highest
and those of orchargrass lowest.

Timothy roots also grew most at the beginning
of the regrowth period. Their mean weight
doubled in 2,5 weeks. During the same time
differences among drought treatments were
reduced, since roots of the plants which had
been exposed to the heaviest water stress grew
most. Orchardgrass and meadow fescue roots
grew little in this time, but during the following

two weeks roots of all three species grew vigor-
ously. Roots of drought-treated timothy plants
reached the same weight as those of continuously
watered control plants while those of drought-
treated orchardgrass and meadow fescue were
still smaller than those of the control plants.

In the first 2—2,5 week regrowth period the
number of tillers increased 14—25 9, in orchard-
grass, 28—44 9, in meadow fescue and 39—82 %,
in timothy (Table 3). During the second two-
week period the ranges of the increases wete
62—95 %, in orchardgrass, 67—113 9, in mead-
ow fescue and 54—89 9%, in timothy. These
figures also demonstrate the superior vigour of
timothy at the beginning of regrowth. Meadow
fescue produced more tillers than orchardgrass
and timothy. Drought treatment had no sta-
tistically significant effect on the number of
tillers formed during the regiowth period.

At the beginning of regrowth following de-
foliation the non-structural carbohydrate con-
tent of the roots decreased rapidly (Fig. 2). It
was presumably almost at its lowest after the
first regrowth period in view of the results of
Svrita and Siwva (1969), which showed that
decrease in the carbohydrate content continues
2—3 weeks after cutting. The carbohydrate con-
tent fell lower in drought-treated than in con-
tinuously watered plants but for all treatments
it was higher in timothy than in the other
grasses.

After. the second regrowth period the non-
structural carbohydrate content of the roots had
risen but was still less than half that at the
beginning of the regrowth period. Differences
among drought tieatments had been reduced
but the carbohydrate content of timothy roots
was still higher than that of the other species.

Figute 3 shows the actual amounts of non-
structural carbohydrates in the roots calculated
on the basis of the dry weights and the relative
amounts of non-structural carbohydrates. The
inctease in the relative amounts of non-structural
catbohydrates during the drought treatment
was not enough to compensate for the decrease
in root growth. The longer the drought treat-
ment lasted the smaller were the carbohydrate
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stores at the beginning of the regrowth period.
During the first 2 weeks of the régrowth period,
the non-structural carbohydrate stores of or-
chardgrass and meadow fescue roots decreased
rapidly, at rates roughly equal to those of the
decreases in the relative amounts, since the dry
weight of the roots had increased only slightly.
The carbohydrate stores of timothy roots de-
creased less than those of the other two species.

After 4 weeks’ regrowth, the carbohydrate
stores of the roots of drought-treated meadow

fescue were at about the level at which they
were at cutting time but the carbohydrate stores
of orchardgrass were at only about half that
level. The difference in stores among drought
treatments were partly leveled. The carbohydrate
stores of roots of continuously watered plants
were still lower than they were at cutting.
Within 4—5 weeks the non-structural carbo-
hydrate stores of timothy roots had surpassed
their level at cutting time.
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B SELOSTUS

Nurmlhemlen toipuminen kulvuusrasuuksesta

TiMo MELA

Maatalouden tutkimuskeskus

Koiranheinin, nurminadan ja timotein kykyi toipua kui-

van kauden jilkeen tutkittiin astiakokeessa. Kuivuus

pienensi heindyksildiden juurten kasvua suhteellisesti
enemmin kuin lehtien ja korsien, mutta silli ei ollut’

tilastollisesti merkitsevdd vaikutusta versomiseen. Kui-
vuus lisisi juurten liukoisten hiilihydraattien pitoisuutta,
mutta pienensi hulxhydraattlen kokonalsmaaraa juntis-
tossa, suhteessa kulvuuskaslttelyn ankaruuteen. Yhti
lukuunottamatta kaikki heindyksilét toipuivat kuivuus-
rasituksesta, jossa maan kosteus oli lakastumisrajan ala-

puolella 1—11 piivin ajan ja va1hte11 ——22 sta —50 een .

baariin kisittelyn’ lopulla o

Kuivuuskisittelyn paatyttya hemat mltettun Tlmotex,

toipui kastelun alettua nopelmmm ja 2—2,5 viikon
kuluttua kaikkien tlmotelyksllolden lehtien kulvapamo
saavutti jatkuvasti kastellun verranteen tasosl. Sensijaan

Vicror B. YOUNGNER

Kalifornian yliopisto, Riverside

kuivuuskisiteltyjen koiranheind- ja nurminatayksiléiden

lehtien ja juurten kuivapaino oli 4 viikon kuluttua kaste-

lun  aloittamisesta edelleen pienempi kuin jatkuvasti
kastellun verranteen vastaavat painot.

Niiton ja kastelun aloittamisen jilkeen juurten liukois-
ten hiilihydraattien pitoisuus ja hiilihydraattien kokonais-
midri aleni nopeasti, kuivakisiteltyjen heindyksildiden
juurissa alemmalle tasolle kuin jatkuvasti kasteltujen.
4—5 viikon kuluttua hiilihydraattipitoisuus oli yhi

.alempi kuin niiton aikana. Kuivuuskisiteltyjen yksiléiden

juutiston huhhydraattlmaam oli kuitenkin saavuttanut tai
ohittanut mlttoalkaxsen tason, juuriston nopeasti kas-

" vaessa. Sensijaan ]atkuvastx kasteltujen heindyksiloiden

juuriston hiilihydraattimiisi oli 4 viikon kuluttua edel-
leen huomattavasti alempi kuin niittoaikaan.
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VALUE OF WHOLE OAT PLANT PELLETS IN HORSE FEEDING

Varru Kossiea and Gunirra Ljune

Kossia, V. & Ljuneg, G. 1976. Value of whole oat plant éellets in horse
feeding. Ann. Agric. Fenn. 15: 316—321. (Agric. Res. Centre, Inst. Anim, Husb.,
01300 Vantaa 30, Finland.)

The digestibility of whole oat plant pellets fortified with 10 %, molasses and 1,5 %
urea was determined on two ponies, using hay as the basic food. Digestibility,
excretion, retention and balance of Ca, P, Mg, K, Na, S, Fe, Cu, Zn and Mn
in ponies fed on a hay or hay-pellet diet were also estimated. The value of pellets
in horses’ rations was tested in a feeding trial and in 2 field test. Whole oat plant
pellets were found to be a highly palatable, enetgy rich feed which had no harmful
effect on the mineral balance. About 60 % of total energy intake by horses could
be satisfield with the pellets. Nitrogen balance tended to be negative on a pellet
diet. It is therefore advisable to provide a protein supplement when such pellets

are used.

Index words: digestibility, equine, mineral balance, oat plant pellets.

Pelleting of fibrous plants facilitates feed hand-
ling and saves storage room. In cereal produc-
tion much straw is obtained as a by product.
Oat straw, in particular, may be used to replace
a considerable part of the hay in horses’ feeding,
provided nutrient requitements are balanced in
the diet. Straw can setve as a gut fill and the

microbes in the large intestine of the hoise ate
capable of changing straw energy into volatile
fatty acids. These, in turn, can be utilized as a
energy source in the tissues of the horse. The
present paper summarizes briefly the results
obtained in digestibility and feeding trials on
horses fed whole oat plant pellets.

MATERIAL AND METHODS

Whole oat plant was cut from the field and
pressed by machine adding 10 9% molasses and
1,5 9, urea into 20 mm @ pellets. These pellets
were fed to two pony geldings in a digestibility-
balance trial and to 22 saddle horses in a feeding
and field trial.
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Digestibility of whole oat plant pellet was
determined by a total collection method, using
timothy-dominated hay as a basic feed. The
ponies were kept in specially constructed stalls,
in which faeces could be separated from urine.
They were fed three times daily. 30 g of calcium-



rich mineral mixture was given to the ponies at
each morning feed (Table 2). They were
exercised one hour daily. The digestibility-
balance trial included palatability, adaptability,
collection and postcollection periods each one
week . Iong

Rate of passage of digesta through the
digestive tract was determined by the chromic
oxide method. Chromic oxide was mixed with
a small amount of wheat bran and fed to the
ponies twice daily; the feeding began 7 days
before the beginning and ended 7 days after

the end of the collection petiod. Digestibility of

ordinary feed components as well as some
minerals and trace elements was determined.
Also excretion of the minerals and trace elements
in urine and faeces, their retention levels and
balances were determined during the @:‘xperinient.

Whole oat plant pellets were tested on 22
saddle horses in a two-phase feeding trial and
also in a less controlled field test which lasted
several months. During the first phase of the

feeding . trial (2 weeks) all horses received
timothy-dominated hay and pellets. After two
weeks, 11 of the horses were changed to a hay
and oat-barley (5: 1) diet. The adaptation period
was 'one week. The rest of the experiment lasted
two weeks. When -the feeding trial: was over
each horse received 4—6 kg pellet/day in addi-
tion to, oats and hay for a three-month period.
The majority of the hotses were the same ani-
mals as had been used in an eatlier feeding
experiment (KossiLa et al. 1972) using a hay-
oat diet.

© Official Standard1zed Analytical Methods were
used in analyzing feeds, faeces and urine.
Sulphur was estimated according to AoAC
(1965). Calcium (Ca), magnesium (Mg), phos-

:phon'ls" (P), sodium (Na), potassium (K), iron

(Fe) copper (Cu), zinc (Zn) and manganese
(Mn) -were estimated by atomic absorption

.spectrophotometer ‘Chromic oxide was derer-

mined using the mcthod of Kimura and MILLER
(1957).

RESULTS

Digestibility-balance trial

Composition of the feeds used in the digesti-
bility-balance trial is given in Table 1. Pellets
contained more fat and NFE but less crude fiber
and crude protein than hay. Digestibility co-

Table 1. Composition, feeding value and digestibility
coefficients (D %) of hay and oat plant pellets in the
digestibility-balance trial

Oat
Component Hay D9, plant D%
pellet
Dty matter, % .... [ 82,60 56 87,10 62
In dry matter, %
Organic matter .. | 91,11 56 93,57| 67
Crude protein ... | 13,51 65 10,28 | 53
Crude fat ....... 1,93 1 4,47 57
NFE ............ 43,72 57 59,90 74.
Crude fiber ..... of 31,95 54 '+ 18,92 48
Kg dry matter/fu . 2,11 1,40
DCPg/fu ,...... 144 . .86

NFE = mtrogen free extract, fu = feed umt ¢ fu =0, 7
starch unit), DCP = dlgesnble crude protein.

efficients for pellets and hayare given in Table 1.
Digestibilities of dry matter, organic matter,
crude fat and NFE was higher but digestibility
of crude fiber and crude protein of pellets was
lower than that of hay. Nitrogen balance was
+2,06 g/day on hay diet and —0,45 on hay-pellet
diet, The rate of passage of the pellet-containing
diet through the digestive tract was quite similar
to that of the hay diet (Figs. 1 and 2). Arrows
in these figures indicate the day when adminis-
tration of chromic oxide ceased. From the 3rd
day on, after cessation of chromic oxide ad-
ministration, somewhat more chromic oxide was
found in the faeces from hay diet than from
hay-pellet diet.

Total daily digestibility, relative
amounts (;xcr'eted in faeces and urine, retention
and balances of minerals and trace elements on
hay (I) and on hay-pellet (II). diet are given in
Table 2. Total daily intake of minerals and trace
elements was smaller on the hay-pellet diet than

intake,
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Table:2. Mineral“and trace clement intake, digestibility, excretion; -retention and' balamce in ponies ‘fed -hay. (I) or

hay pellet (II) dlet BRI

i

Amount

i “Total daily received’ ) Diéestibillty Ext:renon ;.3I:_",x{::et'i<;n . " Refesition N "Balan'c;: .
", Mineral - . intake ) from .mineral | - . in faeces . in uyrine. m body . [|. .. .
AN * supplement [— - e e L — =
A .1 I | JandIr |1, [ J- o1 ,;,.l b i xl u I [ bo G I I LI
glday | glday | TG, % % % gjday
21,5] 17,8 06,60 176,6] 7511 234| 249 “44f 199| 72,21 552] 154] 10,0
6,21 61 1 060. .| 555| 52.0: 445| 480( 95{:155| 460| 365| .28 .24
12,7 113 2,64 27,2| 248[ 728|752 65| 202| 207| 46| “26| 08
F126,6:" 74,9 .= 87,9 (87,4 1251, 126 - 5814 70,8 29,8| 16,6 37,5 12,7
5L 30| 210, | 7210 5821 27.9| 418| 730| 844|— 09|—262|—.08|— 07
371,37 003 49.8] 60,8[ 502 392 477|522 21| 86| 10] 03
mg/day mg/day % % Y% . % mglday
Fe ...... 566 | 460 6 7,5 —| 92,5 142,5] 2,6 73|  4,9]—49,8| 29 [—229
Cu-... 38’ 34 " 16 52,50 41,7| 47,5| 58,3 — —| 52,50 41,71 20 | 15:
Zn ...... 183 | 157 72 21,24 26,4 78,6{ 73,6 — —| 21,4| 264| 39 .42,
‘Mn ..... 291" | 243 10 13,7 3,4 86,3 96,6 0,4 0,5]_ 133 2,9 40' 25

on a hay dlet Absolute amounts of mmerals
received from the mineral supplement remalned
constant. throughout the experiment. D1gest1—
bility of different minerals and trace elements
was not apprecmbly afiected by the type. of diet.
Relative portions of elements excreted in faeces
were similar on both types of diets with the

exception of iron, in which excretion .into the
faeces exceeded to a greater or lesser degree the
-amount of ingested iron. On the. othet hand,
exctetlon of most minerals in urine was higher
on hay-pellet than on hay diet. As a consequence,
relative retentton of most m1ncrals wag, Jower
on diet IT than on diet .

- Cr203g/kg drymatter

Cr203g/kg drymatter

7 " Period 1
3.0 . §
20k
1.of ,
L o
AT I ".“L =
3'/’"3"’5'/3 T7730 973 1173 13/3 1573 ¢
C vl L+ Date - T . e

Flg 1. Chromxc oxxde content in the " dry matter of

faeces - of ‘two pohies fed hay: diet. Arrow at ‘the base

line of the. figure indicates cessanon of. chromic oxlde
- administration.
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Fig. 2. -Chromic -oxide content in the dry. imatter of
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-i b oxide administration.”



. Mineral and trace element halances, with the
exception. of Na'an. Fe, were: positive oti both
diets, the.balances being higher on diet I.than
on diet II. Ma]or portions of ingested Ca, Mg,
P, Fey Cu}}Zn and Md were ekcreted with faeces
While ‘K and Na ‘were’ ehmrnated marnly v1a
the k1dneys ‘in atine. About one  half "of - the
ingested” S was" éliminated in faeces, the other
half berng elrmrnated in urine (Table 2) -

- A
LT

roto

Feedmg teial” v v

Results obtarned from feedrng frial Wlth saddle
horses dre grven in Tables 3 and 4 Composmon

Table 3 Composmon of feeds used in the feedmg tr1a1
R “of. t1d1ng horses . DS N

of- feeds are given in Table 3,"and average
amountssof the feeds .consumed by the Atwo
pe,r,rods are g1ven 1n Table. 4 I-Iay used 1m th1s
.gxperiment contained - cons1derably more -crude
fiber but.less:jcrude 'protein comp;a_r_ed_ to hay
used in the digestibility-balance trial, 2,57 kg
dry matter of hay in the feeding trial was re-
qu1red to furmsh -one feed unit". ('fable 3).
Correspondrngly, 2,11 kg dry matter of hay
used in the drgesnbrhty “baldnce trial Was required
to ‘furnish -oné feed unit (Table 1), P'he results
of the feedrng trial ‘indicated that 60 % of the
total energy intake of horses could be furnished
easily by the pellets Horses were very fond of
the pellets :

E ;o R ; " ‘l
(%?‘?po‘ne?t‘ Hay _Oal;eﬁi;nt 93;-:‘;?;1? Total dally dry matter _intake - of horses
N . elghmg 525 kg was close on 10 kg, on average,
I A T N S )
Dry magter, % ....| 77,70 9217 | .87,29 . and abott 459, of this mtake Was “obtained
o . ' from pellets. Dry matter intake could be reduced
Tiidry mdttés % .- S
. “Organic matter .. 90,14 9354 | 9741, and’ energy “intake’ 1ncreased by substrtutrng
Crude protein ... 10,08 €10,05 11,54 oat-barley meal in place of pellets whrch were
"Crude fat..:.....| ~. 1,43 " 4,29 |- ‘4,54
CNFE et 40,67 60.11 - 72,39, more bulky (1 34 kg dry matter/fu) than gram
Crude ﬁber ...... 37,96 19,09 | 864" mrxture (0,90 kg dry matter/fu) Horses in group
| Kg dry matter[fu.. 2,57 134 0’90: K 1 were ridden’ about 2, 05 h/day and those in
DCP gjffa ....... 114 85 1 79 group 2 about 1 ,65 h/day on average
’ : ~ Table 4. Feed consumptlon of rrdmg horses dutmg pellet feedmg trral
; . . ‘ ‘ . Penod 1 - ‘ Perlod II‘ ’ ) . ]
Group | ) Feed' Average daily mtakc/hotsc Average daily mgake/horsc l, ..
1 ' kgDM | fa | DePg | kDM | fu DCP g
Hay....... e i 523t | 2,04 232 5,89 229 | ‘36t
' Pellet ......coivuviveesnnndons| - 4,60 03,33 286 — — —
Graifl v iiieiine s —_ — —="1: . 3,73 3,85 |, :304
Supplements ........0.0.0 0 00 0,18 . 0,18 21 0,30 0,27 .3
- " Total- dally mtake -.10,10 5,55 ’ 539 |° 9,92 6,41 ‘596 -
Hay .ooeeeie e ‘. 5,64 2,19 250 537 | i 2,09 239,
2 Pellet ...vvvviiiiiiiinan . 4,80 3,47 298, 5,02 3,74 . 318
Supplements ...... ...l 0,24 0,22 30 0,42 - 0,41 | 54
Total daily intake 10,68 5,88 578 |- .10,81 . 6,24 , 1611

“Measi live welght of the horses in each group was 526 kg Group T worked 205 and group 2 1 65 h/day on the

average duiing-the trial. .

DISCUSSION

A nurnberK of dlgestrbrlrty studies have been
done,_,or_i horses. . (ref. -Orsson and RUUDVERE
1955). According-to HiNtz (1969), digestibilities:

of organ,lc substance crude protem and ﬁber
of feeds rich in fiber are 51; 56.and 38 9, while
those of feeds poor in fiber are 79, 75 and 24 %,
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respectively in herse. In the light of these
coeflicients, the feeds (hay and whole oat plant
pellets fortified with ‘molasses and urea) tested
in the present study were digested rather well
(Table 1). Pellets contained oat seeds and
molasses which have high feeding value and
can be utilized well by the equine.

The effect of pelleting on the digestibility of
feeds has been studied, among others by Hintz
and Loy (1966) and HaENLEIN et al. (1966).
They found that the digestibility of fiber de-
creases when feed is pelled. This is due to the
more rapid passage of the feed through the
digestive tract of the horse. According to
MEyER (1974) pelleting may decrease the digesti-
bility of fiber up to 15 9%. On the other hand,
Eriksson’s (1973) investigation failed to reveal
any significant effects of pelleting hay on the
digestibility of organic substance, crude protein,
crude fat, NFE or crude fiber. In this study
whole oat plant pellet had higher nutritive value
than hay, this difference being due to variation
in the chemical composition rather than the
physical properties of the' two feeds. Feed
passes through the digestive tract on the equine
within 2—4 days (LENkEerT 1932, Orsson et al.
1949, Hintz and Loy 1966, Vanbper NooT
et al. 1967). The major portion, i.e. over 50 %
of ingested feed, leaves the digestive tract
within 30—40 hours. The results of the présent
study agree well with earlier studies (see Figs. 1
and 2).

The digestibility and retention of minerals
and trace elements depends, among other
things on the type of rations on the concentra-
tion -and chemical characteristics of these sub-
stances in the feeds and on the mineral and
vitamin status of the animals. Not very much
is known yet on the digestibility and fate of
these substances in the equine. Moreover,
mineral and trace element requirement figures
for horses are largely based on the assumption
that these requirements are similar to those of
pigs or beef cattle. The ponies in the present
study had not received extra minerals before
the -experiment began. It is therefore possible
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that they were deficient in some elements. This
may be reflected in digestibility,. excretion,
retention and balance values (Table 3).

According to ScmrYver and Hintz (1972)
horses need 0,35 9, Ca and 0,259, P in their
diet. Ca/P of the diet should lie between 1,4 and
2,0. Mg requirement in horses is 13—14 mg
Mg/kg live weight (HiNTz and ScHRYVER 1972).
According to MEver (1974), horses weighing
300—400 kg and doing light wotk require the
following amounts of minerals and trace ele-
ments daily: Ca 14—18 g, P10 g, Mg 5 g, Na
10 g, Fe 40 ppm, Cu 5—8 ppm, Zn 30—50 ppm
and Mn 20 ppm. K and S requirements are not
given. The Mn requirement figure seems too
low. In the present study the live weight of the
ponies was close to 300 kg (270 kg). According
to the above figures, the ponies in the present
study received sufficient Ca, P, Mg and trace
elements (see Table 2). Their diet was, however,
short of Na and, apparently for this reason Na
balance become negative (Table 2). During the
pellet feeding period negative Fe balance was
noted. This phenomenon need not necessarily
be alarming, since Fe is one of those elements
which may easily give inexplicable results due
to contaminations or large amounts of insoluble
Fe compound in the feeds derived from the
soil during harvesting. K and S requirements
of the equine is not known. Results of the present
study suggest .that about 1 g S/100 kg live
weight is sufficient to maintain positive S balance
in mature, lightly exercised pony geldings. In
the present study experimental diets contain-
ed considerably more K than was sufficient
to maintain a slightly positive K balance
(Table 2).

Nitrogen balance tended to be negative on
rations containing pellets. A similar phenomenon
has been found when straw pellets were fed to
sheep (Kossima 1975). Average size saddle
horses (530—550 kg live weght) consume about
10 kg dry matter daily (Kossiza et al. 1972) on
medium heavy work. The results of the present
study agree well with this earlier study, in which
the horse material was largely the same. -



- CONCLUSIONS

Whole oat plant pellets fortified with urea and
molasses were found to be suitable feed for
ponies and horses. The nutritive value of pellets
was higher than that of timothy hay. Pellets had
no harmful effects on the digestive functions or
on digesﬁon, extretion and retention of minerals
and trace elements. Moreover, pellets were
highly palatable and could thus be recommended
for feeding to adult sports horses doing medium

heavy work. Nitrogen balance tended to be
negative when straw was introduced into the
diet. It seems justified to recommend the use
of protein-rich supplement in the diet of horses
if straw pellets are fed to them over an extended
period. This is especially true in the case of
rapidly growing young horses, sports horses
under intensive traning, lactating mares and
breeding stallions. ' '
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SELOSTUS

Kaurakopsien ravintoarvosta hevosilla

Varru Kossiza ja GuniLra Lyune

Maatalouden tutkimuskeskus

Melassia ja uteaa sisiltivien kaurakopsien sulavuus ja
typpitase midritettiin kahdella ponilla. Perusrehussa kiy-
tettiin heindd. Samalla miiritettiin kalsiumin, fosforin,
magnesiumin, kaliumin, natriumin, rikin, raudan, kupa-
tin, sinkin ja mangaanin pidittyminen, sulavuus ja eritty-
minen sontaan ja virtsaan. Tutkimus osoitti, ettd kaura-
kopsi oli maittava, energiarikas rehu, joka ei vaikuttanut

haitallisesti kivenniistasapainoon. Hevosilla suoritetuissa
ruokintakokeissa noin 60 9, syddysti kokonaisenergia-
midristd pystyttiin helposti korvaamaan kaurakopseilla.
N-tase oli lieviisti negatiivinen kopsiruokinnalla, Tistd
syysta suositellaan kiytettiviiksi valkuaisvikirehua kopsi-
ruokinnan ohella.
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Kossira, V., Tanauanreii, E., PELTONEN, T. & VIRTANEN, E. 1976. Effect of
physical stress on the pulse and respiration rates and blood composition
of riding horses and trotters. Ann. Agric. Fenn. 15: 322329, (Agric. Res
S Centre Inst. Amm . Husb., 01300 Vantaa 30, leand) .

The physl‘cal condmon of 51 rldmg horses and 31 trotters was méasured by tests: .

specially designed for the purpose. The tests included measurements of pulse and
respiration rates at. test, during the test, at peak stress and 10 min after cessation

.. of the physical stress as well as determinations of blood Hb, Hc, lactate, plasma

lactate, glucose, Ca,. Mg, inorganic P, K, Na, Fe, Cu, Zn and total protein at

* rest and at peak stress. Trotters had higher pulse and respiration rates than riding.
"." .hotses. Physical stress caused more marked changes in the blood levels and. plasma

constituents in the trotters than in riding horses. Speed during the test affected.

“blood composition.. The. faster the horses moved during the 30—40 min stage .

of the test the higher were their Hb, Hc, glucose, Na, Cu, total protein and-lactate,
Degree of training, weather conditions, age, sex and disposition influenced the

.results. It is concluded that during constant test conditions, with standardized

speed and load,. welltrained, healthy, balanced and fast horses are likely to show

less changes in blood composition than untrained, unbalanced, slow or sick horses.

Index words: blood composition, equine, respiration, physical!st‘ress.

A good sports horslle, should :be‘ able to do
sufficient muscle work with relatively little effort
in order to fulfil its task satisfactorily. Different

types of tests have been used for measuring’

physical condition in horses. In this paper two
types of test are described, one for riding horses
and the other for trotters. The results of tests

made on 51 riding horses and 33 trotters are.

presented

Seoaldt

Matenal and methods '

cb

The followmg test- pattetns wete used to study

changes in the puIse and ‘respiration rates and
blood composition of the horses:
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Riding hotses: Trotting with rider at a speed of 230 m/min
for the first 35 minutes. Galloping at a speed of
340 m/min for the next 5 minutes. Walking without
rider for the next 10 minutes. Flat ground.

Trotters: Ordinary trotting at a speed of 375 m/min for
the first 35 minutes. Fast trotting at an average speed
of 455 m/min for the next 2 minutes. The race course
was flat. Standing in the stable for the next 10 minutes.

Pulse and respiration rates of the
horses were measured .'simultaneously by two
persons with a. stethoscope. Values. at rest.
(0 min values) were obtained while horses were
standing in the stable. Working values were
obtained at 10, 20 30 and 40 min (trotters 37



min) stages during the test. Return values were
measured at the 50 min stage (trotters 47 min).
Similar time factors are, howevet, used for both
trotters and riding horses when presenting the
results. of the tests here. )

Blood samples were .taken from the v.
jugularis into heparinized test tubes at 0 min
and at 40 min stages during the tests. Hemo-
globin (Hb) was determined by the syanmet-
_hemoglobin method, blood and plasma lactic
acid by Homorst’s (1962) enzymatic method
and plasma total protein by RrINmOLD’s et al.
(1950) modification of KinGsLEY’s (1939) meth-
od. Hematocrit was estimated by the micro-
capillary method. Plasma glucose was determined
using NELsoN’s (1944) .method and inorganic
phosphorus (P) according to Taussky and
Suorr’s (1953) method. Calcium (Ca), magne-
sium (Mg), sodium (Na), potassium (K), iron
(Fe), copper (Cu) and zinc (Zn) in plasma were
estimates with an atomic absorption spectro-
photometer. '

Age, sex, breed, height at withers and previous
training intensity (0 = untrained, 4 = inten-
sively trained) were recorded for each horse.
Total weight of the rider and saddle was recorded
for riding horses. 9 to 12 horses were tested in

one day. Three groups of riding horses wete
tested indoors and ‘two groups outdoors.
Trotters were tested outdoots, all at the same
race course. Weather conditions were recorded
(0 = —5°C raining ..., 9 = -+15°C sunshine).

Results

Mean pulse and respiration rates at different
stages of the tests are given in Table 1. Blood
and plasma composition at rest and at peak
stress are in Table 2. Results in Tables 1 and 2

Table 1. Pulse and tespitation tates of riding horses and
trotters at different stages of physical stress test

Time Riding horses (N=51) Trotters (N=33)
mia X sD X sD
Pulse rates, n/min
[ 36,74+ 5,71 37 18;}; 6, 05
10.....0000e 62,101 8,24 97, 93;[;19 76
20 000 67,374 8,30 103,21-+21,36
30..00iiinne. 68,574 9,03 100,91 423,95
40 ........... 87,14+ 9,70 111,27 +17,27°
50 ...t 49,594 5,98 60,124 9,90
Respiration rates,
n/min
[ 18,394-15,14 19,27 + 5,79
10.......0.0: 44,41 416,63 74,214-22,47
20 ... .000nte 49,044+16,81 77,64 +£19,55
30....0...... 53,394-16,33 78,124-18,56
40........... 70,08 4-17,62 82,97;i:20,05
50 ..., 31,184 9,56 44,52417,67

Table 2. Blood and plasma constitiuents of riding hotses and trotters at rest (I) and after physical stress (II)

Riding horses (N=51)

Trotters (N=33)

I
X4SD

1
X4SD

I G
X+SD

I
X4SD
Hb , /100 ml 12,814 1,42
HC, @ eeenennannnoneeiinnn s 3571 4,03
Gluc,, mg % .vvevvreininnennn 100,294 9,72
Ca, MZY% cevenrnnrennnnnrnnas 12,64+ 0,57
1Y A 1,80% 0,14
T e . 3,331 0,48
K, % eereenieeneeneiieens 117,204+ 1,97
Na, N 315,53 4-13,50
F&, UE% evenrererrnrninennns 116,75 24,99
Cu, M ceeiieanns e 79,02+13,66
Y/ VS S 50,39 4-14,11
. ol
Tot. Prot: §% vveeevevninnns 6,871
Bl lact, mg% ...covevennidonnn 7,04 1)
Pl lact., ME % cvveveveeviannsn 6,58 %)

15,974+ 1,16%%*
42,011 3,04%xx
93,991+12.38

12,094 0,41%*
1,724 0,14
3,824 0,45%*

19,164- 0,95*
316,55 +13,86

135,98 +27,98*
82,02--15,80
47,78 +13,95

7,13 1)
11,72 Tyk*
11,42 2+

318,034+ 7,45

13,744 2,01
39,19+ 5,36
102,294-12,51

11,76+ 0,70
1,821+ 0,31
3,451 0,66

17,92+ 2,39

130,15+47,82
80,55-£10,67
57.60-£13,10

6,964 0,46
9.63+ 1,62
9,05+ 1,78

18,824 1,62%%%
52131 4,18%%%,

104,72+-15,89

11,174+ 0,67%% .

1,774+ 0,31

4,314 0,80%**

19,08+ 1,24*

' 320,09+ 794
168,12-L58,21%

83,73 +10,16.
54,76 - 9,87

7,70+ 0,39

32,53 124,51%%%
39,704-33, 48***:

N = number of tested horses, X = mean 8D = standard deviation, I = restmg values, I= values at peak stress.

** P < 0,01, ** P < 0,005, ***P<0001 1) N =30, %) N = 39.

O I
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demonstrate ‘that at rest and at peak stress,
average pulse and respiration rates as well as
most blood and plasma values were higher in
‘trotters than ih ri&ing horses.

During physical stress, pulse and respiration
rates of the trotters rose higher than those of
riding horses. On the other hand, the peak
stress values were higher and normalization
rates after stress were faster in riding horses
than in trotters.

As a whole, physical stress caused more
marked changes in the levels of blood and
plasma constituents in the trotters than in riding
horses (Table 2): Hb rose 24, 7+** and 37,0%+** %>
Hc rose 20,3*** and 33,0%** o/ blood lactate
rose 66** and 237*%*¥* O/ and plasma lactate
73,6%% and 339%** 9/ respectively. Plasma glu-
«cose changed —6,3 and 42,4 9, Ca decreased
—4,4 and —5,0 9%, Mg decreased —4,4 and
2,8 9%, plasma inorganic P elevated 14,7*%* and
24,9%*% %, K rose 11,4* and 6,5* 9,. Na changed
very little, 0,3 and 0,7 9}, Fe rose 16,5* and

29,2% %, Cu rose slightly 3,8 and 4,0 9, and Zn

-decreased slightly -——5,2 and —4,9 9.

At peak stress, pulse rate correlated signifi-
cantly and ‘positively with Hb*** Hc***, glu-
cose®**, Na*, Fe*, total protein* as well as
blood and plasma lactic acid*** levels. Signifi-
cant negative correlation was found between
pulse rate and plasma Ca**. Respifation rate
correlated significantly and positively with Hb*,
Hc*, glucose***  Na*; Zn* and lactic acid levels.

Speed during the test affected the horses’ blood
composition. The faster the horses moved during
the 30—40 min of the test the higher their Hc¥**,
Hb***, glucose®**, Na***, Cu*** total pro-
tein®*** and lactic acid®** levels, but the lower
their Ca* level at peak stress.

Weight of the rider plus saddle had hardly
any effect on pulse or respiration rates or on
blood composition in riding horses.

Degtee of training mainly affected respiration
rate, which decreased with increasing training
intensity. Correspondingly, plasma phosphorus

Table 3. Effect of age of trotters on the blood composition and pulse and respiration rates at rest and at stress peak

Trotters
No. of cases At stress peak

Growing Fullgrown Growing Fullgrown

16 17 16 17
Hb, g/100 ml .................. 12,590 14,842 17,96> 19,64>
HE, Dy o, 36,06 42,142 50,020 54,112

Glucose, mg % ................ 1082 97> 106 104
Ca, mZ% «vvvvinnnnnnnnnn... 11,51v 11,992 10,93v 11,402
M, D e 1,71 1,93 1,66 1,87
P, P e 3,61 3,27 4.41 422
K, ME% cueneeeennannnnn., 17,72 18,10 19,11 19,06

a, D e 319 317 318 321

Fe, HE% wvnreeennnannnn.., 124 136 159 176

Cu, N e 82 80 85 83

Zn, D e 58 57 53 56
TOt. PIOt, 8% weveeeennnnnnnn. 6,89 7,02 7,69 7,70
Bl lact.,, mg % .......ovvinnnn. 9,16 10,07 31,29 33,70
PL lact.,, » ................ 8,94 9,15 38,16 41,15
Pulse, nfmin ................... 38,00 36,41 112,13 110,47
Respir., nfmin ................. 19,63 18,94 84,88 81,18

Tempol) «.veureesenenennnnn., — — 130 127
Training degree ................ — — 2,69 3,00
Weather ...........ccoviunun.. — — 4,94 4,24

a>b="P < 0,005 ) Tempo sec/1 000 m during the last two ‘minutes of the test.
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increased while lactate level decreased markedly
in the samplesbtaken at peék stress. _ _

Weather conditions influenced the results.
With increasing ambient temperature, pulse rate
increased significantly in riding horses during
the test. Also Hb, Hc, glucose, ‘Na, Cu, total
protein and lactate levels decreased either
slightly or significantly at peak stress when the
weather became warmer.

Mean age of the 84 horses tested was: 6,6
years. The trotters were younger than the riding
horses: It was possible to compare the blood
composition of growing (2—4 yeats-old) trot-
ters to that of full grown (5 years-old or older)
trotters (Table 3). Such a comparison was not
possible in the riding horses sice only one of

them was less than 5 years old. Compared to-

growing trottets, fullgrown trotters had signifi-
cantly higher Hb, Hc and Ca values both at rest
and at peak stress while plasma glucose level
was lower at rest (Table 3). '

Sex of the horses affected blood composition
somewhat (Table 4). The majority of the riding
horses tested were geldings. These had signifi-
cantly lower Hb values at rest and at peak stress
than mares. On the other hand, mares had more
Mg but less P in their plasma than geldings.
Sex did not significantly affect the blood com-
position of trotters (Table 4). Trotter geldings
had blood values similar to those of riding
horse geldings. Disposition particularly affected
Hb and Hc values and pulse and respiration
rates of the horses at rest (Table 5). At peak
stress thete were no significant differences in
these parameters.

Discussion

The higher blood wvalues of trotters at rest
compared to riding horses (Table 2) may be
due to differences in sex (Table 4), age (Table 3)
and season of the year. Trotters were tested in
late fall while most riding horses were tested
during winter and spring. - ‘

The blood values obtained in this study agree
well with earlier works (ScHLAM 1963, SoLiMAN
and NapiM 1966, PErssoN 1967, KNUDSEN et al.

1971, Kossira et al. 1972, MULLER-REH 1972,
Rajaxoskr et al. 1972).

More marked changes in the blood compo-
sition and the pulse and respiration rates of
trotters compared to riding horses are probably
due to more strenuous physical stress of the
trotters during the test. Both types of sports-
horses were sweating heavily during the last
phase of the test.

The method of measuring pulse and respira-
tion rates in this study can be considered con-
ventional. Repeatability was satisfactory, and
this was demonstrated, for instance, by steady
working values (Table 1) during the test. Pulse
and respiration rates obtained by this method
are considerably lower than actual rates during
physical exercise. The reason for this is that
when a horse is stopped to measure pulse and
respiration, these rates have time to slow down
during the first 5 seconds after stopping. Less
marked elevation in the pulse rates of trotters
at peak stress may be partly due to the fact that
these values levelled off somewhat when the
trottetrs wete run into the nearly stable where
the measurements at the 40 min stage were
made and blood samples taken. Trotters were
so hot after the test run that they could not be
held quiet on the race track. Also, when working
values are low, the peak stress is likely to be
more prominent than when working values are
high.

According to StEEL (1963) and Laskow
(1965), well trained sportshorses should have
Hb of 14—16 g/100 ml at rest and about 19 g
at peak stress. Untrained horses have Hb of
11—12 at rest. Reasonably high Hb and Hc
values are desirable for effective oxygen trans-
port and glucose oxidation in the muscles during
physical stress. PErsson (1967) found that there
is a linear relationship between the Hb level and
speed duting the test. He also noted that the
petformance of trotters correlated positively
with total circulating Hb. Very high Hb and Hc
values are undesirable and can be considered a
sign of pathological hemoconcentration, which
is often found in older trotter stallions. In this
study, one stallion had Hb of 21,9 and Hc 61 9,
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at peak stress. He died of a heart attack about
and month after the test.

Plasma glucose levels did not change signifi-
cantly during the physical stress test. In a
previous study, glucose level of whole blood of

riding horses decreased significantly as a result

of physical stress, the extent of decrease being
related to that of increase in the red blood cell
content of the blood (TaNHUANPAA et al. 1976).
In the present material horses which exhibited
high elevations in lactic acid level failed to
show significant changes in glucose levels as a

result of physical stress. Of the blood para-

meters studied lactic acid (plasma and whole
blood) level at peak stress seemed to be the best
indicator of the physical condition of trotters.
Riding horses failed to show marked increases
in the lactic acid level due to the test, probably
because the test was not strenuous enough.
On average, physical stress caused marked
changes in the serum Ca/P of riding horses
(from 3,79 to 3,17) and of trotters (from 3,40
to 2,55). Ca was the only cation in the plasma
which decreased significantly due to physical
stress. Inorganic phosphorus increased signifi-
cantly. This phenomenom may be due to an
increased rate in ATP breakdown during muscle
work which results in liberation of phosphoric
acid residue from the reaction: ATP—ADP-P.
Also Mg levels tended to decrease during stress.
Both Ca and Mg are important, for instance in

heart and muscle functions, in maintaining
muscle tonus. K and Fe increased significantly
in plasma during physical stress. Presumably
these cations are derived from the muscle cells
and interstitial fluids, and possibly from red
blood cells. Red cell destruction rate is likely to
increase during strenuous physical work. Simi-
larly, changes in acid-base balance in the plasma
may cause changes in the concentrations of the
various elements which maintain osmotic pres-
sure in the blood.

Total protein content of plasma increased
during the test although this increase was not
significant. DE LANNE et al. (1958) have pre-
sented theories to explain this phenomenon.
Plasma protein’ level incteases during physical
stress due to a decrease in plasma volume
(Persson 1967). High respiration rate revealed
the poor physical condition of several horses.
With a-planned training schedule, respiration
rates in these horses could be significantly
reduced.

The results of this study revealed among other
things that the higher the speed of the horses
tested the greater the changes observed in their
blood composition. It is concluded that under
constant test conditions, with standardized speed
and load, well-trained, healthy, balanced and
fast horses are' likely to show less changes than

untrained, unbalanced, slow or sick animals

with aching feet, hips, back etc.
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SELOSTUS

Fyysisen rasituksen vaikutus pulssiin ja hengitystiheyteen seki veren koostumukseen
ratsuilla ja ravureilla

Varru KossiLa EERO TANHUANPAA

Maatalouden Helsingin yliopisto

tutkimuskeskus

Tarkoitukseen suunnittelluilla kokeilla testattiin 51 rat-
sun ja 31 ravurin fyysinen kunto. Testeihin sisiltyi pulssin
ja hengitystiheyden miiritykset levossa, fyysisen rasituk-
sen eri vaiheissa ja 10 min rasituksen pHittymisesti.
Hevosista otettiin verindytteet levossa ja rasitushuipussa.
Kokoverestd miiritettiin hemoglobiini (Hb), hemato-
kriitti (Hc) ja maitohappo, plasmasta miiritettiin maito-
happo, glukoosi, Ca, Mg, epiorg. P, K, Na, Fe, Cu, Zn
ja kokonaisproteiini seki levossa ettd rasituksessa.
Ravureilla oli nopeampi pulssi ja hengitystiheys ja
rasitus aiheutti nailld suurempia muutoksia veren koostu-

TERTTU PELTONEN ERkKI VIRTANEN

Helsingin yliopisto Helsingin yliopisto

muksessa kuin ratsuilla. Mitd nopeammin hevonen liik-
kui sitd enemmin Hb, Hc, glukoosi, Na, Cu, kokonais-
protefini ja maitohappo nousivat testin aikana. Valmen-
nuksen aste, sidolot, ikd, sukupuoli ja hevosen luonne
vaikuttivat tuloksiin. Tutkimus osoitti etti jos koeolo-
suhteet, kuorman suuruus ja hevosen liikkumisnopeus
ovat testatuilla hevosilla samat, niin hyvin treenatuilla,
terveilld, tasapainoisilla, nopeilla hevosilla veren koos-
tumuksen muutokset ovat vihidisemmit kuin treenaa-
mattomilla, tasapainottomilla, hitailla ja sairailla hevo-
silla.
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