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ANNALES AGRICULTURAE FENNIAE, VOL. 21: 115—122 (1982)

Seria ANIMALIA DOMESTICA N. 58 — Sarja KOTIELAIMET n:o 58

WILTED AND UNWILTED GRASS SILAGE FOR YOUNG BULLS

Mikko KommERi, Varru Kossina and, Jaakko KiviNiEmr

Kommer:, M., Kossira, V. & Krviniemr, J. 1982, Wilted and unwilted grass
silage for young bulls. Ann. Agric. Fenn. 21: 115—122. (Agric. Res. Centre,
Inst. Anim. Husb., SF-31600 Jokioinen, Finland.)

Precision-chopped, wilted grass silage was compared to unwilted, flail-harvested
grass silage in a two-year experiment (1977—1978). The storage of silage in tower
silos or in walled bunker silos was also compated. All the herbages were treated
with 5 1/t of preservative AIV-2, which contains formic acid. The digestibility
of the silage was determined in experiments on rams. Sixty-four Ay bulls, eight
HfAy and eight ChAy crosses (average age 8—14 months) were used in the pro-
duction experiments.

The grass was cut with a crimper-type mower conditioner in the morning and
collected with a precision-chop forage hatvester the same day. The DM content
of the raw material was higher than 30 %, and there was no effluent production
from the wilted silage. The quality of all silage was good. Because it was used
slowly, the wilted silage was susceptible to post-opening fermentation. On the
other hand, normal fermentation was lower and the average DM losses were also
lower in wilted silage than in unwilted silage (8,7 and 13,3 9, respectively).

In the first year of the experiment, the digestibility of organic matter in"un-
wilted silage (70,2 %) was better (P < 0,05) than that of wilted silage (66,5 %).
In the second year there were no significant differences in the digestibility or in
the palatability between the silages. With a concentrates level of 3 kg, the bulls
grew an average of 1 038 g/day on unwilted silage and 974 g/day on wilted silage.
For production of 1 kg liveweight the bulls on wilted silage consumed an average
of 7,78 kg DM and 6,51 fu, Animals on unwilted silage consumed an average of
7,25 kg DM and 6,05 fu per kg liveweight gain. The difference was nonsignificant
(P < 0,05).

Index words: wilted, unwilted, grass silage.

INTRODUCTION

One of the main aims of Finnish fodder pro-
duction is to enhance protein self-sufficiency by
increasing the use of silage in ruminant feeding.
Although silage production has increased rapidly
(five fold during ten years), the area still being

1 1282023600

used for hay is twice as much as that being used
for silage. ‘
One of the main reasons for not wanting to
acquire silage harvesting equipment and storage
places has been the small size of farms and fact
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that they already -have hay-making equipment.
Because of this, and because of the climatic
conditions, almost all of the silage prepared in
Finland is unwilted. Tower silos have tradition-
aily been the most popular form of storage.
The Ministry of Agriculture and Forestry and
SITRA (Finnish National Fund for Research and
Development) have financed this research project

to increase the production of silage and to
intensify research into the techniques of silage
preparation and management so that they can be
developed at reasonable costs. The silage-making
and beef production experiments described in
this report were carried out by the Institute of
Animal Husbandry of the Agricultural Research
Centre.

MATERIAL AND METHODS

Preparation of silages

In the summer of 1977 the silages were prepared
at Jokioinen from the second harvest of the
sward (25.—29. 7.). The following summer they
were harvested from the first harvest of the same
sward (12.—16. 6.). To eliminate the differences
between the plant species, stage of development
and yield of the field plots all the silages were
prepared at the same time from each plot.
The main species used in silage swards were
cocksfoot (1/3), timothy (1/5) and meadow
fescue (1/5). Fertilizer N was applied to the
swards at a rate of 100 kg/ha/harvest. In the

spring, an N—P—K fertilizer (20—4—38) was.

applied, and after the first harvest calcium-
ammonium nitrate (27,5 9%, N) was applied.
Flail-type forage harvesters wete used to
harvest unwilted silages. During chopping, AIV-
2 solution was added to the silage at 5 l/t.
Grasses to be wilted were mown in the morning
with a crimper-type mower conditioner, and
collected with a precision-chop forage harvester,
either in the afternoon or evening of the same
day. AIV-2 preservative was added to the wilted
silage during harvesting with a precision-chop
forage harvester at 5 1/t. The tower silos were
filled using a grab hoist which was also used
when emptying them. The walled bunker silos
wete filled and consolidated using a four-wheel
drive tractor equipped with a front loader. All
the silos were sealed with. plastic sheet. A 15 cm
layer of sawdust was spread on top of the plastic
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in the walled bunker silos, whereas in the tower
silos concrete blocks (350 kg/m?) were used to
compress the silage.

To. determine the storage losses from the
silage, the raw materials, effluent and silage were
weighed and analysed. The Conventional feed
analyses were carried out using standard meth-
ods. The pH, ash and crude protein contents of
the effluent were determined. Besides the normal
feed analyses of the silage, the pH of the effluent
from fresh silage was determined electronically.
The water extracts from the samples were tested
quantitatively for acetic acid, propionic acid,
butyric acid, valeric acid and isovaleric acid

.. using gas chromatography (Huipa 1973), for

lactic acid (BARKER and SUMMERSON 1941), sugats
(Somocyr 1945, Saro 1965) and ammonium
nitrogen (MCCULLOUGH 1967) using a colori-
meter and for soluble nitrogen with the Kjeldahl
method. The total nitrogen was determined from
fresh samples using the Kjeldahl method. The
dry matter content of the silages, determined by
drying the samples in a drying oven at 105 °C,
was corrected by adding all of the butyric, pro-
pionic, valeric and isovaleric acid and 80 per cent
of the acetic acid values to the dry matter.
The storage losses were determined using the
so-called sack method. After a sample had been
taken for feed analysis, 15 kg of grass was
weighed into damp jute sacks. During feeding,
when the sacks were found, the contents were
weighed and the chemical composition of the
silage was analysed and the losses calculated.



Experiments on animals

The digestibility experiments were carried out
with silage each year using the 4 X 4 latin square
design. In the first year, the rams in the experi-
ment weighed slightly under 70 kg and in the
second year a little over 40 kg. Apart from
determining the digestibility of the feeds, the
nitrogen balance and the palatability were
also determined. The animals received only
water, a mineral and trace element mixture and
a vitamin mixture in addition to the silage.
Meat production experiments were carried out
using a factorial design. During the first year all
(32) animals were Ay bulls, but in the second
year there wetre also 8 Friesian-Ay (42 4 43)
and 8 Charolais-Ay crossbreeds (43 4 49) (48

Silage éuality and chemical composition

The swards used for the silage making wete
rather poor in both of the experiment years. The
crude fibre content was high in the first year.
This was partly due to rain, which prolonged
the preparation of the silage.

The grass harvested with the mower condi-
tioner dried quickly. Usually 4—6 hours windrow
drying without tedding increased the dry matter
content of the raw material from 16,6 9% to
32,9 9, in the first year, and from 25,3 9%, to
39,2 %, in the second. Although'it rained, wilting

Table 1. The average chemical cc;xlili)osition of the raw
material used for silage.

Year 1977 1978
Dry matter %, .
unwilted .............. 16,60 25,33
wilted ... oL 32,72 39,16
% in dry matter
ash ... ... o 10,21 8,82
crude protein .......... -~ 16,96 15,54
crude fat .............. 13,97 3,55
crude fibte ............ 28,24 24,64
N-free extract .......... 40,62 47,45

animals altogether). In addition to the silage,
the animals also received batley meal 3 kg/
animal/day, a certain amount  of mineral and
trace element mixture and water ad lib. At the
end of the experiments the animals were slaugh-
tered and carcasses were classified in order to
determine their quality.

Experimental design

The following expetimental design was used in
all experiments.

Type of silo Type of silage
1........ tower wilted
2 ... tower unwilted
3.0 walled bunker wilted
R unwilted

ngled bunker

i 1
.

&

RESULTS AND DISCUSSION I

was successful so that there was no effluent from
the wilted silage. With unwilted silage, effluent
was produced at the following petcentages of the
fresh weight of the raw material:

Year 1977 1978
towet silo .............. 21,7 7,3
walled bunker silo ...... 9,8 3,9

Because there was less weight on top of the
walled bunker silos, 2 smaller amount of effluent
was produced than in the tower silos. The type
of silo had little effect on the constitution of the
effluents (Table 2).

Table 2. The analysed values of effluent from unwilted

silage.
1977 1978

I‘_Y!cm' Tower Walled Tower Walled

' bunker bunker
pH o 411 | 441 | 433 | 435
dry matter % ..... 447 | 464 | 859 | 7.29
ash % .......o.... 117 | 1,28 | ‘164 | 1,61,
crudeiptot. % ..... 1,09 { 0,91 | '1,91 1,56
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Until they were opened the silages were well
preserved. Because the rate of consumption of
the silages was low, there was some post-opening
fermentation. The spoiled silages were not used
in the experiments and their effect is not shown

in Table 3.

Table 3. The average chemical composition of silages
used in beef production experiments, 1977 and 1978.

Towet Tower Walled Walled
bunker bunker
wilted unwilted | wilted unwilted
Dty matter % ..... 33,93b | 23,582 | 33,66? | 22,152
In dry matter % ...
ash ............. 9,96 9,56 |10,20 10,30
crude protein ....| 17,01 }16,57 |17,20 16,64
crude fat ........ 4,12a| 5,150 | 4,162 4,78
ctude fibre ...... 27,95 128,85 |[27,90 28,24
N-free extract .... | 40,96 |39,88 |40,54 40,04
aceticacid ....... 0,992 | 1,502 | 1,042 2,57b
propionic acid ... 0,01 0,01 0,01 0,05
butyric acid ..... 0,01 0,00 0,05 0,05
lactic acid ....... 2,188} 3,65ab| 2,292 4,040
sugats (gluc.) .... | 10,48 |12,88 |11,04 9,55
% in total N
ammonium-N 7,23b| 3,73a | 7,25b 4,783
soluble-N ....... 55,810 | 51,978b 51,97ab} 4594a

a<b=P<0,05

In the wilted silages the DM content was 11
petcentage units higher than in the equivalent
unwilted silages. Both acetic and lactic acid
fermentation was stronger in the unwilted than
in the wilted silages. Only in some silage was
there evidence of butyric acid fermentation.
Wilting raises the concentration of the cell con-
tents in grass and thus increases the osmotic
pressure in the cells. This inhibits the activity of
certain microbes and decreases the volume of
fermentation gases. The activity of butyric acid
bacteria is impaired at very high pH values when
the osmotic pressure is high enough. On the
other hand, lactic acid bacteria are capable of
activity under very dry conditions (WIERINGA
1958).

Fermentation differences of the same type and
just as distinct as in this experiment have been
verified by ButrEr and Barey (1973), HoNig
and Romr (1974), and WeisE and HorNING
(1975) when storing without additive. In expeti-
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ments by SkovBORG and ANDERSEN (1979) the
amount of lactic acid fermentation was lower
and the amount of ammonium nitrogen in total
nitrogen less than in wilted silage (without
additive). However, there was a smaller amount
of acetic acid in wilted than in unwilted silage.
ZimMER (1969) established that when the dry
matter content of silage inctreases, the content
of butyric and acetic acid decreases. He found
that the lactic acid content rose in the beginning,
and fell when the dry matter content rose over
30 9%,.

In this experiment, the proportions of am-
monium and soluble nitrogen in total nitrogen
were clearly higher in wilted than in unwilted
silage. Summarizing several experiments, MARSH
(1979) verified the fact that wilting is less effective
in preventing the breakdown of protein than the
breakdown of carbohydrates. Usually the result
has been opposite to that obtained in this ex-
periment.

Minerals are lost from unwilted silage together
with the effluent, which means the ash content
of wilted silage is a little higher than that of
unwilted. Because of the stronger fermentation
of unwilted silages, the chemical composition is
also a little different; a slightly lower crude
protein and higher crude fat content than in
wilted silages.

Storage losses

The losses due to respiration and shedding on
the field were not determined in this experiment.
Because of strong winds, the field losses from
wilted herbage were considerable. As the silage
was prepared quickly, thete was little change of
tespiratory loss, and the effluent losses from the
dry raw material were of no significance. There
was no effluent production by wilted silages, and
the production by unwilted was only 3 9%, of DM
on average (tower 4,2 %, bunker 1,8 %,). The
average fermentation and effluent losses during
2 years of stotage according to the sack samples
are shown in Table 4.



Table 4. The average storage losses in 1977 and 1978.

1 I 11T v
Tower Tower Walled Walled
bunker bunker
wilted unwilted | wilted unwilted
Dry matter % ..... 9,05 | 13,97 8,44 | 12,66
Ash .............. 4,59 | 16,36 2,37 | 15,46
Org. matter ....... 9,55 | 13,67 9,04 | 12,34
Crude protein ..... 5,90 | 15,54 2,79 | 13,15
Crude carbohydr. .. | 10,92 | 14,87 | 11,32 | 13,65

The fermentation losses wete the same in both
the tower and walled bunker silos. The slightly
lower storage losses in the bunker silos than in
the tower silos can be partly explained by the
smaller effluent losses. The storage losses deter-
mined from the sack samples are slightly smaller
than the real losses, because the proportion of
spoiled top layer and other silage is not included.
There was more spoiled silage from the unwilted
walled bunker silo (4,0 9% or DM) than from
the corresponding tower silos (1,5 %). The
highest top layer losses were from wilted tower
silage, partly due to the slow rate of feeding
during the experiments.

The storage losses determined from the sack
samples whilst in the silo were clearly lower
from wilted silage than from unwilted silage
(8,7 % and 13,3 %, of DM trespectively). The
dry matter losses from the abovementioned
silages are considerably lower than the 21,2 %,
obtained by Errara and KossiLa (1980) using
the same method.

The average DM loss was 7,6 %, of the entire
herbage composition determined from wilted
silage in 1978. Correspondingly, the DM loss
of unwilted silage was 17,2 %,.

The fact that the storage losses of wilted silage
were lower than of unwilted silage can be ex-
plained, not only by the fermentation being
lower than in unwilted silages, but also because
there were no effluent losses from wilted silage.
Similar results have been published by Nasu
(1959), ZimmER (1966), Honig (1967), WALDO
(1977) and SxovBorG and ANDERSEN (1979).
Taking all the storage losses into account,

SkovBORG and ANDERSEN (1979) achieved a
larger net DM yield per hectare with wilted than
with unwilted silage.

Digestibility of silages and calculated feeding
value

The rams preferred unwilted to wilted silage.
Those receiving wilted silage drank 1—2 1 of
water/day motre than those receiving unwilted.
In the first year, the nitrogen balances were
better when feeding unwilted silage, and also the
digestibility of organic matter was three to four
petcentage units better on unwilted silage. The
average digestibility of organic matter with
wilted silage was 66,5 9%, and with unwilted
silage 70,2 %. Similar differences were not
established in the second year. In fact, the
digestibility of silage stored unwilted in tower
silos was lowest. On average the digestibility
and bulk value (1,42 kg DM/fu) on unwilted
silage was slightly better than that of wilted
silage (1,46 kg DM/fu).

MarcH (1979) summarized that only in 10
out of 40 experiments had wilting improved the
digestibility of silages. The average DM digesti-
bility of wilted silage (68,5 9%,) was 1,5 percentage
units lower than the digestibility on unwilted
silage (70,0 %). The digestibility of protein was
better with unwilted silage nine times out of
thirteen.

Table 5. The average digestibility, N-balance and feed
value of silages in 1977 and 1978.

Tower Tower Walled Walled
bunker bunker
wilted unwilted |  wilted unwilted
Digestibility %
organic matter ... | 67,22 | 68,09 | 67,10 | 69,46
crude protein ....| 6449 | 6832 | 67,77 | 68,43
crude fat ........ 62,073 65,76% 60,032 | 65,83
crude fibre ...... 69,06 | 69.36 | 68,35 | 69,48
N-free extract ...| 67,40 | 67,25 | 66,85 | 69,90
ctude catbohydr. .| 68,29 | 68,25 | 67,56 | 69,92
N-balance gjday ... 1,69 2,73 2,43 3,40
Bulk value kg DM/fu 1,47 1,43 1,46 1,41
g dig. crude prot./kg
DM ............ 1095 |112,0 [117,5 {110,5 .

a<b=DP<0,05
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There were no large differences in the palata-
bility, nitrogen balance, digestibility or feed
values between both years in either walled bunker
silos or tower silos. The results of the digesti-
bility experiment are showsn in Table 5.

Beef production experiment on bulls

In the first experiment, Ay bulls (aged 156—380
days) ate 2,5 kg of barley DM and an average of
3,7 kg of silage DM/day. In the second experi-
ment, where the animals were partly crossbreeds
and also about 2 months older than in the first
experiment, the amount of silage DM consumed
was 5,6 kgfanimal/day. The DM consumption
of wilted and unwilted silage per 100 kg live-
weight was equal (1,39 kg/d).

In Marse’s (1979) review of 31 experiments
on feeding only silage to growing cattle, the
wilted silage DM consumption was an average
of 31 9%, higher than that of unwilted silage.
When concentrate was added to the ration, the
benefit achieved by wilting was lowered to 12 %,.

In the present study young bulls grew an
average of 1000 g/day in both years. The average
daily gain of bulls on unwilted silage was 64 g/
day faster than that of bulls on wilted silage
(1038 g/day and 974 g/day, respectively). SAUE
and BrerrREM (1969) obtzined similay results.
According to Marsa (1979) wilting had no
effect on growth in the experiments where the
animals received additional concentrate, whereas
without concentrate the bulls grew faster on
wilted silage.

The better weight gain achieved in the present
experiment on unwilted silage corresponds with

the results from the digestibility experiments.
The animals on wilted silage used an average of
7,78 kg DM and 6,51 fu for the production of
1 kg liveweight. Animals on unwilted silage
however used their feed more effectively: 7,25
kg DM and 6,05 fu per kilo liveweight gain.

The average killing out percentage of bulls on
wilted silage was higher than that of bulls on
unwilted silage (48,7 and 48,2 %, respectively).
Because of this, there was on average only a 3,2
kg difference in the slaughter weight in the
favour of wilted silage. There was no difference
between the groups in carcass quality points.
Nor was there any significant difference in carcass
weight between the animals fed silage from tower
silos or walled bunker silos (Table 6).

Table 6. The average liveweight gain, feed consumption
and carcass quality of bulls in 1977 and 1978.

Tower Tower Walled | Walled
bunker | bunker
wilted unwilted | wilted | unwilted
Age (at start of expt.)
days ............ 239 238 240 241
Age (at end of expt.)
days ............ 412 411 414 414
Liveweight (at start
of expt.) kg ..... 261 260 258 260
Liveweight (at end of
expt.) kg ........ 431,8 441,4 | 429,5 | 4414
Liveweight gain
g/day ........... 980 1039 967 |1037
Silage
kg DM/animal/day 4,72 4,98 4,89 4,82
Total feed consump-
tion
kg DM/day ..... 7,32 7,46 7,44 7,38
fufday .......... 6,14 6,14 6,20 6,24
dig. crude protein
g/day ........... 754 767 797 745
Carcass weight ..... 210 213 210 214
Killing out % ..... 48,64 48,10/ 48,84| 48,39
Carcass points total . 15,15 15,25 15,41 15,49

REFERENCES

Baxker, S. B. & SummersonN, W. H. 1941. The coloti-
metric determination of lactic acid in biological
material. J. Biol. Chem. 138: 535—554.

ButLer, G. W. & BaLey, R. W. 1973. Chemistry and
biochemistry of herbage. London.

120

ErTtALA, E. & Kossira, V. 1980. Organic matter, mineral
and nitrogen losses from fresh grass silage during
ensiling. Ann. Agric. Fenn. 19: 9—20.

Honig, H. 1967. Gidtvorzang, Verluste und Qualitit bei
der Konservierung von Mihrweidegras mit unter-



schiedlichem Trockensubstanzgehalt. Das Wirtschafts-
eigene Futter 13: 287—297.

— & Rour, K. 1974. Biologische Kenndaten verschie-
dener Konservierungsverfahren. 1. Mitt. Qualitit,
Verluste und Materialstreuung bei der Konservierung,
Das Wirtschaftseigene Futter 20: 265—276.

Hurpa, L. 1973. Quantitative determination of volatile
fatty acids from tumen sample and silage by gas-
liquid chromatography. J. Scient. Agtic. Soc. Finl.
45: 483—488.

MarsH, R. 1979. The effects of wilting on fermentation
in the silo and on the nutritive value of silage. Grass
and Forage Sci. 34: 1—10.

McCurroucn, H. 1967. The determination of ammonia
in whole blood by a direct colorimetric method. Clin.
Chem. Acta 17: 297—304.

Nasna, M. J. 1959. Partial wilting of grass crops for
silage. 2. Experimental silages. J. British Grassl. Soc.
14: 107—116.

Saro, M-L. 1965. Determination of carbohydrate frac-
tions in animal foods and faeces. Acta Agr. Fenn. 105:
1—102. ‘

Savg, O. & Brerem, K. 1969. Compatison of formic
acid silage with other silages and dried grassland
products in feeding experiments. Proc. of the 3rd
general meeting of the European Grassland Federa-
tion. Braunschweig. p. 282—284.

SkovBORG, B. & AnDErsen, P. E. 1979. 7. beretn.
Faellesudv. Stat. Planteavls og Husdyrbrungsforsag.
Kobenhavn. '

SomoGyr, M. 1945. A new reagent for the determination
of sugars. J. Biol. Chem. 160: 61—G68.

Warpo, D. R. 1977. Potential of chemical preservation
and improvement of forages. J. Dairy Sci. 60: 306—
326.

Wersg, F. & HorniNg, H. 1975. Einfluss unterschied-
licher Vorwelkzeiten auf den Girverlauf bei Wie-
senschwingel. Das Wirtschaftseigene Futter 21: 10—24,

WieriNGA, G. W. 1958. The effect of wilting on butyric
acid fermentation in silage. Neth. J. Agtic. Sci. 6:
204—210.

Zmmer, E. 1969. Biochemische Grundlagen der Ein-
sduerung. Proc. of the 3rd general meeting of the
European Grassland Federation. Braunschweig. p.
113—125.

Manuscript received February 1982

Mikko Kommeri and Vappu Kossila
Agticultural Research Centre
Institute of Animal Husbandry
SF-31600 Jokioinen, Finland

Jaakko Kiviniemi

Finnish Research Institute of )
Engineering in Agriculture and Forestry
SF-03450 Olkkala

121



SELOSTUS

aes

Esikuivattu ja tuore ruohosiilorehu lihanaudoilla

Mikko KommEeri, Varru Kossiza ja Jaakko KiviNiEMr

Maatalouden tutkimuskeskus ja Valtion maatalouskoneiden tutkimuslaitos

Kahden satokauden (1977—1978) kokeissa verrattiin
tarkkuussilppurilla korjattuja esikuivattuja ruohosiils-
rehuja samoista nurmista kelasilppurilla kotjattuihin tuo-
tesiilorehuihin, Lisiksi verrattiin tornia ja laakasiiloa
sdildrehuvarastona. Kaikki rehut valmistettiin muurahais-
happoa sisiltivilld AIV-2 siiléntiainelisiykselld, 5 1/tn.
Rehuista tehtiin sulavuuskokeet pisseilli. Tuotanto-
kokeissa kiytettiin keskimiirin 8—14 kk:n ikiisia Ay-
sonnimulleja (64 kpl) sekd HfAy (8 kpl) ja ChAy (8 kpl)
risteytyksi.

Aamulla telaniittomurskaimella niitetty ruoho kor-
jattiin tarkkuussilpputilla samana piivini. Raaka-aineen
kuiva-ainepitoisuus nousi yli 30 %:n eiki esikuivatuista
rehuista tullut puristemehua. Kaikki sidilérehut olivat
laadultaan hyvii. Hitaan sydtén vuoksi olivat esikuivatut
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rehut varsinainen

arkoja jilkikdymiselle. Toisaalta
kiyminen oli niissi vihidisempdi ja siilovaiheen siilén-
titappiot (8,7 9, ka:sta) pienemmit kuin tuoreissa siils-
rehuissa (13,3 9%, ka:sta).

Ensimmiiseni koevuonna tuoreiden siilorehujen or-
gaanisen aineen sulavuudet (70,2 %) olivat parempia
(P < 0,05) kuin esikuivattujen (66,5 %). Toisena koe-
vuonna oa. sulavuudet olivat keskimiirin yhti hyvii.
Myoskddn maittavuudessa ei ollut eroja rehujen vililla.
Esikuivattujen rehujen hyviksikiyttd kasvuun oli hei-
kompi kuin tuoreiden. Ero ei kuitenkaan ollut met-
kitsevi (P < 0,05). Kolmen kilon vikirehutasolla mullit
kasvoivat tuoreilla siilérehuilla keskimiirin 1038 g ja
esikuivatuilla 974 g/pv.
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FUSARIUMS OF THE POTATO IN FINLAND IV,
VARIATION OF TUBER RESISTANCE TO STORAGE DISEASES
BEFORE AND AFTER HARVESTING

Esko SeEpPANEN

SErPANEN, E. 1982. Fusariums of the potato in Finland IV. Variation of tuber
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The influence of the stage of tuber development and pre-storage conditions on
the tuber resistance to Fusarium sulphurenm and to Phoma exigua var. foveata were
studied by infecting tubers of cvs. Sabina and Pito artificially at different physio-
logical ages and after a short period of pre-storage under different environmental
conditions.

The response of these cultivars to both of the fungi was similar. During the
earliest harvest times tubers are very susceptible to infection, but their resistance
increases during the course of the season. At harvest time the resistance is highest,
and decreases during the course of the storage period. Planting time and vine
killing had no significant effect on the resistance.

Pre-storage at low RH and extreme temperatures (6 and 24 °C) yielded a great
and rapid decrease in resistance. The decrease was most striking in tests with
pre-matured tubers. Presumably, the increase in respiration and evaporation of
the tubers caused rapid physiological ageing and the subsequent pre-mature
decrease in resistance.

Index words: potato, dty rot, gangtene, Fusarium sulphureum, Phoma exigua vat.
foveata, tuber resistance, growth season, storage conditions.

INTRODUCTION

It is well known that the susceptibility of potato
tubers to Fusarium and Phoma fungi varies in
accordance with their growth thythm and matu-
rity. Boyp (1952 a) measured the resistance of
tubers as a percentage of infection level, and
concluded that the susceptibility of tubers to
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Fusarinm solani var. coernlenm was highest just
after flowering. Jonsson and Bing (1979),
measuring the tuber resistance as a function of
the growth rate of the fungus, obtained a similar
tesult. Towards the end of the season tuber
resistance increased, being highest at harvest
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time. In his later investigations, Boyp (1967)
concluded that an increase in resistance was
followed both after vine killing and with natural
maturation. Tuber resistance to Phoma exigna
var. foveata increases evenly towards the end of
season (Fox and Dasawoop 1970, Jonsson and
Bing 1979).

The decrease in tuber resistance during the
storage period was demonstrated in as early as
1917 by PeTHYBRIDGE and LAFFERTY and.by a
number of workers since then. Naturally, factors
like cultivar, fungus and growth conditions may
have some influence on the result. Studying the
effect of 13 days of prestorage under temperature
conditions of 1—2, 10—12 and 20 °C, LANSADE
(1949) found that the growth rate of Fusarium
coertlenm in the tubers was higher the lower the
temperature at which the tubers were pre-stored.

Another noteworthy result was a lower growth
rate of the fungus when the tubers were stored
under conditions of high humidity. Boyp (1952 b)
measured resistance according to the level of
infection and concluded that pre-storage of
tubers under a temperature of 3—4 °C did not
decrease their resistance to Fusarium coerulenm,
but pre-storage at —1 °C or at 22 °C did.

There are no reports about the other fungi,
such as Fmarizmz'.rulpbureuw, F. avenacenm and
F. trichothecioides, each of which is known to be a
common pathogen of stored potatoes.

The aim of this study was to extend our know-
ledge of the general variation in tuber resistance
and in particular about the influence of some
practical procedures connected with harvesting,
such as vine killing and wound healing condi-
tions.

MATERIAL AND METHODS

The trials were carried out on two cultivars,
Sabina and Pito, the former being a fairly eatly
and the latter a late cultivar. Both of them have
medium resistance to the fungi, Phoma exigna
var. foveata and Fusarium sulphurenm, used in
these tests (SEPPANEN 1980, 1981 b). The isolates
used must be considered highly pathogenic.
Some trials were done with only one cv.

Potatoes were grown according to con-
ventional methods. The soil was coatse sand,
fertilized with 80 kg N, 110 kg P and 120 kg
K/ha. The seed potatoes used were virus-free
stocks originating from the Seed Potato Centre.

All three seasons studied (1979, 1980 and 1981)
were fairly favourable for potatoes. In 1979
and 1980, especially during August and Sep-
tember, the temperature was higher and the
rainfall less than normal. In 1981 the same
period was rather warm but rainy.

To study the effect of the stage of develop-
ment of the tubers and the effect of storage
conditions on the resistance of the tubers we
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harvested tubers at different ages (also tubers
planted at different times) and stored them for
different periods of time and under different
conditions. After each treatment the tubers were
inoculated and incubated as uniformly as pos-
sibly.

In each test we used tubers of nearly the
same size. Before infection, they were washed
and dried well. For infection a wound 5 mm in
diameter and 2 mm deep was made with a
cork-borer, at the midpoint between the heel
and rose ends of the tuber. A mixture of a c.
4-week-old pure culture of the fungus and the
remaining agar was used as inoculum. The
wounds were filled with the inoculum and left
uncovered. The tubers were incubated for 20
days at 12 °C, which were the proposed optimum
conditions for each fungus (SepPANEN 1980,
1981 a).

The trials involved 10 (in some trials 20)
tubers for each treatment, with 3 replicates.
For analysis, the tubers were halved longitudin-



ally through the infection locus and the radial
and apical growths were measured. Usually their
averages are presented here to indicate the
resistance in each stage or after each treatment.

RESULTS AND

Variation in resistance as a function of the
stage of development

The dependency of tuber resistance upon the

All the results wete analyzed using variance
analysis and the LSD values were calculated
with Tukey-Hazrtley tables.

DISCUSSION

Table 1. The development of tuber resistance of cvs. Pito
and Sabina to Phoma exigna var. foveata and Fusarium
sulpburenm during growth seasons 1979, ’80 and ’81.
The figures indicate the growth of the fungi in 20 days.

Inoculated with

stage of development of the potato was studied Phoma exigna va. Fusarinm sulpharenn
by infecting tubers from trials with different Harvested Joveats
planting and harvest times. In 1979 we used Pito Sabina Pito Sabina
three harvest times, in 1980 six and 1981 three.
ce [nes, : 1979 13/8 ...| 6,90 _ 300 | —
The results (Fig. 1 and Table 1) are sufficient 3/9 563 — 6,00 —
to give an approximate picture of the develop- 11:7/ ... 3?:?8*** — 2825** —
ment of tuber resistance during the season. The LSD, %| 0.6 0.4
scantier results of 1979 and 1981 in general
. . N 1980 24/7 5,8¢ 6,84 8,6¢ 10,8¢
confirm the results obtained in 1980, with the 18/8 3,38 3,0ab 6,1 6,9¢d
exception of the results of Fusarium sulphurenm 28/8 2,62 2,8v 6,24 7,2¢
. . . 12/9 4,2b 3,220 7,2ab 5,9a
in 1979, which were opposite. The results of pre- 19/9 31 3.7vc 6,38 6,70¢
storage trials in 1980 also reflect the develop- 29/9 4,17 4,0¢ 7,9ve | 6,4°
. F ..... 32,21%%%| 53 (5%k* 11,44%%%|27 93%%%
ment of tuber resistance (Table 4 and 5). LSD; %| 0.6 0.6 1.0 0.3
During the eatliest harvests tubers were very
) i 1981 12/8 — 3,1b — 5,80
susceptible. During the latter half of August 779 2,0 2,18 [2/9 5,2b 43a
their resistance was significantly higher and 17/9 2,2 3,00 3,32 4,92
. R F ... 6,00 144,78%** 50,68** |15 33%%*
remained almost unchanged until the latter half LSD; %| — 0.2 0.7 0.7
GROWTH[
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Fig. 1. Development of tuber tesistance of cvs. Sabina and Pito to Fusarium sulphurenm and Phoma

exigua vat. foveata during the season of 1980 and the storage period. The tests on Nov. 6 and later

were made with the tubers harvested Sept. 29. The curves indicate the gtowth of the fungi in 20
days, all the inoculations and incubations were carried out as uniformly as possible.
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of September when the first decrease in resistance
was ascettained. Later, during storage, the
decrease in resistance continued. The tesult was
almost the same with both cultivars and both
fungi. This supports the earlier information
about the dependence of tuber resistance to
Phoma exigna v. foveata on the stage of develop-
ment of the potato. There is no eatlier infor-
mation about Fusarium sulphurenm. 1t is worth
nothing that tuber resistance to F. sulphureuam
does not vary in the same way as with Fusarium
solani ~. coernlenm, which was reported by
Jonsson and BAng (1979): there was no petiod
of very high susceptibility during the eatly stage
of tuber development.

In 1980 and 1981 the importance of date of
planting was studied. The first date was the
conventional planting time, the second two
weeks later and the third four weeks later. The
results show that planting time has very little,
if any, effect on the tuber resistance at harvest
time (Tables 2 and 3). Pair comparisons show
that planting time had no influence on more
than a half of the tests. The eatlier planting,
however, caused an increase in resistance mote
often than the latter one, especially with the later

“Table 2. The influence of planting time on the tuber

resistance of Pito to Phoma exigua vat. foveata and Fusa-

rium sulpburenm in 1980. Figures indicate the growth of
the fungi in 20 days. 3 X 20 tubers for each test.

Inoculated with F. sulpbuream
Planting time
21/8 10/9 26/9 511
30/5 .ennn... 7,7¢ 453 | 560 4,63
1316 ... .. 6,2° 4,42 6,0P 4,12
276 v 5,6b 458 | 55D 5.9V
F Planting time ...... 5,25%
Inoculation time ...  72,15%¥*
Pl X inocul ....... 19,13***
LSDy % vovverennnn 0.6
Inoculated with Phoma e. v. foveata
305 . on... 4,7¢ 3,00 | 3,1a 3,38
13/6 ...t 3,9 2,82 3,02 3,08
276 oo 4.9¢ 370 | 31 2,88
¥ Planting time ...... 17,10%**
Inoculation time ... 119,52%%*
Pl x inocul ....... 9,86**
LSDy % wovnnnnnnn 0.4
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Table 3. The influence of planting time on the tuber
resistance of Pito and Sabina in 1981. Figures indicate
the growth of the fungi in 20 days. 3 X 20 tubers fot

each test.
Inoculated with Fusarinm sulphuresm
PI:ir:::g Sabina Pito
3/9 17/9 5/10 3/9 17/9  5/10
21/5..| 438 | 4,98b | 408d | 52bc| 338 | 4,6bc
416 .. | 63| 43s |52v | 7,00 | 4,5ve] 430
18/6 .. | 66¢ | 54> | 53> | 55¢ | 49ve] 53¢
F Planting time ... 21,66%** 14,41%**
Inoculation time 16.67%** 38,31%%*
Pl X inocul .... 13,82%%* 9,38**
LSD; % vovvennn 0,6 0,7
Inoculated with Phoms exigna vat. foveata
Sabina Pito
7/9 17/9 5/10 7/9 17/9 5/10
21/5..| 2,18 [3,0e |2,9¢ | 2,0a | 2,12 | 2,80
416 .. | 2,00 |2,5vca|27cael 192 | 2,8> | 33¢
18/6 .. | 2,8d¢|2/4ve [2,3ad | 3,0vc| 2,33 | 3,1ve
F Planting time ... 10,53%** 26,90***
Inoculation time 22,22%%* 68,56%**
Pl X inocul .... 29,91%%* 23,83%*xx
LSDg% «ovvvenns 0,3 0,3

cv. Pito. Clearly the growth rthythm dominates
the tuber resistance so strongly that the possible
effect of planting time is masked by it, especially
during favourable seasons like those during the
trials.

During the storage period the tubers gradually
lost their resistance. When tubers harvested at
different times were inoculated in November,
the tubers harvested eatly were by far more
susceptible than those harvested later (Fig. 3,
Table 6). This result was very surprising and
can only be explained using pre-storage trials
under different conditions of relative humidity.

In 1979, 1980 and 1981 some trials were carried
out to elucidate whethet or not vine killing has
any influence on the tuber resistance, but no
effect was discovered.

Effect of environmental factors

We studied the resistance of tubers harvested at
different stages of their development and pre-
stored for a certain time under different condi-
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Fig. 2. The growth of Fusarium sulphurenm and Phoma

exigna var. foveata in tubers of Pito pre-stored for 1 or 2
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tions of temperature and relative humidity (RH).
The tubers from different pre-storage trials were
infected and incubated in the same way.
Preliminary trials were carried out in 1979,
when tubers were pre-stored. at four tempera-
tures (6, 12, 18 and 24 °C) one or two weeks
before inoculation. Already one week of storage
at 6 and 24 °C strongly decreased the tuber
resistance (Fig. 2). Humidity was not controlled
in these tests. In 1980 the tests were continued
under the same temperature conditions but
using uniform (95 4- 5 %) RH conditions.
There were some differences in the resistance
of tubers pre-stored at different temperatures
(Tables 4 and 5), when only the treatments of
each harvest time arte compared, the main
variation being connected with harvest time.

Table 4. Dependence of tuber resistance of Sabina and

Pito to Fusarium sulphurenm on pre-storage temperature.

Humidity conditions were similar (95 4= 5 %, RH) at each

temperature. The tubers inoculated on 24/11 were hat-

vested 29/9 and stored using conventional methods untit

10/11. The figures indicate the growth of the fungus
during incubation for 20 days.

cu- Pre-storage temperature
Huvest | Yo
time 6°C 12°C ‘ 18°C [ 24°C
Sabina
247 .. 31/7 (11,61 14,01 9,3¢ 12,0n
8/8 .. 15/8 7,4det 7,8det  6,5v¢ 7,3cde
18/8 .. 27/(8 6,9¢d 5,7ab 6,4v¢ 6,7ped
28/8 .. 5/9 8,2¢ef 7,0cd 6,6v¢ 7,8det
12/9 .. 24/9 5,8ab 5,7ab 6,4v¢c 5,38
29/9 .. 24/11 | 7,7det 7,5def | 8,3et 8,5¢
F Inoculation time . 296,33%%*
Pre-storage ..... 12,27 %%
Inocul X pre-stor  16,05%%*
LSD; % «ovvvnnnnn 0,8
Pito
2417 .. 317 12,1t 9,0de 8,2bcde | 8 Gede.
8/8 .. 15/8 7,2abc 7,3abe | 6,5ab 5,9a
18/8 .. 27/8 7,8abcde| 8 1bede| 7 gabedel 6 3ab.
28/8 .. 5/9 8,5cde 6,12 6,8abe 6,420
12/9 .. 24/9 6,3ab 7,2abe  6,3ab 6,632
29/9 .. 24/11 | 9,1de 9,3e 11,11 10,8¢
* F Inoculation time .  61,33%*%
Pre-storage ..... 8,23%%%
Inocul X pre-stor 7,00%%*
LSD; % «vvvvnnn.. 1,2

Within each harvest time, the extreme tempera-
tures (6 and 24 °C), however, may have some
influence on tuber resistance. The tresults when
compared with those in Fig. 3, reveal that the
importance of RH during the storage period is
obviously greater than that of temperature, at
least within the limits of 6 and 24 °C. Compara-
tive tests using low and high conditions of RH
at the same temperature confirmed this assump-
tion (Tables 7, 8 and 9). The differences were
greatest at temperatures of 6 and 24 °C, which
indicates the combined influence of temperature
and RH.

The great influence of dry conditions also
explained the phenomenon presented eatlier
(Table 6, Fig. 3), that the tubers from the eatlier
harvest times lost their tresistance much more
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Table 5. Dependence of tubet resistance of Sabina and
Pito to Phoma exigna vat. foveata on pre-storage tempera-
ture. Humidity conditions were similar (95 4 5 % RH)
at each temperature. The tubers inoculated on 24/11
were harvested 29/9 and stored using conventional
methods until 10/11. The figures indicate the growth

for 20 days.
Inocula- Pre-storage temperature
Harvest time tion
tme | gec | 120¢c | 18°c | 24°C
Sabina
2417 ...... 31/7 | 4,9bc | 8,3f | 83tz | 888
8/8 ...... 15/8 | 4,02 | 3,5ab | 4,1ab | 51be
18/8 ...... 27/8 | 4,1ad | 4,4ab | 32a 6,6de
28/8 ...... 5/9 | 3,5ab | 4,6abe| 33a 4,2ab
12/9 ...... 24/9 | 2,82 | 3,0a 2,94 3,5ab
2919 ...... 14/10| 4,9v¢ | 3,7ab | 3/9ab | 47abe
2919 ...... 24/11| 5,9¢4 | 7,5¢f | 8,88 9,28
F Inoculation time ... 130,50%**
Pre-storage ....... 32,59%*%
Inocul X pre-stor .. 8,234
LSD;% wevvvinnennn 1,0
Pito
2417 .. .... 31/7 | 4,3bcd| 81f 5,3de | 82f
8/8 ...... 15/8 | 2,9ab | 3,2ab | 3 5abel 3 8abe
18/8 ...... 27/8 | 3,5abe| 3 7abe; 3 1ab | 3 7abe
28/8 ...... 5/9 | 3,3ab | 32ab | 27a 3,3ab
12/9 ...... 2419 | 2,82 | 3,6abel 3,0ab | 4,8cd
2919 ...... 14/10| 3,8abec; 33ab | 43bed} 59e
29/9 ...... 24/11| 6,2¢ 8,21 9,21 9,11
F Inoculation time ... 196,58%%*
Pre-storage ....... 46,98%%%
Inocul X pre-stor ..  10,31%**
LSDy % wvvevnennnnn 0,9

rapidly than the tubers harvested at the end
of the harvest period. The young tubers with
thin peel cleatly respired more effectively, thus
losing something connected with their resistance.

The confirm the observation of
LANSADE (1949) that both the storage tempera-
ture and the storage RH influence tuber resist-

tesults

ance. In Finnish potato production, the harvest
must often be taken in before the maturation
of tubers, so that the decrease in tuber resistance
may often be important in practice, too.

It is not possible to draw conclusions about
the exact reasons for the decrease in tuber
resistance on the basis of this material. With
regard to the dectease in resistance to Phoma
exigna V. foveata, the literature often mentions
that gangrene occurs in the parts of bulk potato
stores exposed to cold and »drought». We
can pose the question of wheather or not high
ventilation might decrease tuber resistance, alone
ot together with low temperature and RH. It is
possible that the ascertained decrease in resistance
when tubers were stored under conditions of
low RH and extreme temperatures was a con-
sequence of accelerated respiration and evap-

Table 6. Tuber resistance of Sabina and Pito to Fusariun sulphurenm and Phoma exigna var. foveala harvested at different

times and the decrease in resistance during the storage period. The figures of August 8 inoculated at harvest time

are in parenthesis because they are values interpolated from 24/7 and 18/8. The figures indicate the growth of the
fungi during incubation for 20 days. Compare Fig. 3.

Inoculated with Fusarium sulphureum Inoculated with Phoma exigna v. foreata
Harvest time At harvest 6/11 5/3 2416 At hacvest 6/11 53 24/6
time time
Sabina
8/8 ... (8,1)p 11,6¢ 13,64 12,2¢ 4,7)v 11,1¢ 11,7¢ 15,52
18/8 ... ...l 6,12 11,7¢ 13,14 14,9¢ 3,0a 10,14 11,3¢ 15,58
12/9 ..ol 5,92 6,12 12,9¢d 12,4 cd 3,2a 5,8¢ 11,7e 13,81
3009 ...l 6,42 5,58 12,2¢ 14,8¢ 4,0ab 4,40 12,4 16,68
F Hatvest time ...... 48,69%** F Harvest time ... .. 34,78%*x*
Inoculation time ... 44530%** Inoculation time .. 1 049,10%%*
Harvest X inocul ..  33,28%%* Hatvest X inocul . 33,42%*x
LSD5 % «vvvvnennnns 1,0 LSDy % «vvvvvnnnn 1,0
Pito
8/8 ...l (7,6)2 15,3t 16,41 13,5¢ 4,4)2p 9,84 8,0¢ 5,1p
18/8 ...l 6,92 13,64 16,11 11,7¢ 3,32 10,24 7,4¢ 7,9¢
12/9 ...l 7,28 8,5p 14,7¢ 12,7¢d 4,2ab 5,1p 10,24 11,04
3009 ..o 7,9ab 9,10 13,40 | 14,6¢ 4,1ab 7,5¢ 11,5¢ 11,5¢
F Harvest time ...... 43,86%** F Harvest time ... .. 16,57*%*
Inoculation time ... 412,88%** Inoculation time . . 152,97%**
Harvest X inocul ..  33,28%#* Harvest X inocul . 31,81 %**
LSDg % «vvvvvnnnnnn 1,0 ISDs;% «vvvvvnnnnn 1,2
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Fig. 3. The growth of Fusarium sulphureum (left) and Phoma exigua var. foveata (right) in tubers of Sabina (above)
and Pito (under) harvested at different stages of their development. There ate striking differences between early and
later harvests in the test on November 6, after which the differences decreased, and even became opposite in Pito.

Table 7. Influence of humidity conditions prevailing

during 3 weeks pre-storage on tubet tesistance of cvs.

Sabina and Pito to Fusarium sulpbureum. Potatoes were

grown and stored until the start of pre-storage using

conventional methods. They wete inoculated and incu-

bated uniformly. Figures indicate the growth of the
fungus in 20 days.

Growth of fungus mm
Tx‘;}é:? c%‘:cﬁtt;r:: Inoculation time Inoculation time
of °C/% RH 5/12-80 | 4/3-81 | 5/12-80 | 4/3-81
Sabina Pito

12/954+ 5 ... ...... 5,8a 7,3a2b | 512 7,3¢
12/55£10 ......... 6,1ab | 7.3ab | 6 4Db 7,0bc
24]954 5 ......... 6,6° 7,02 4,92 6,7ab
24/55410 ......... 6,70 7,5° 6,3° 6,42
Fooooooi oo, 4,10% | 4,83% |74 30%%* 9 (3%
ISDy % evnvnnn.. 06 |04 0,3 0,5

Table 8. Influence of humidity conditions prevailing

during four weeks’ pre-storage on tubet resistance of

cv. Sabina to Fusarium sulphurenm and Phoma exigna v.

foveata. Potatoes were harvested on August 12, pre-

stored under different environmental conditions until

September 8 when inoculated, and incubated uniformly
(34 days at 10 & 2°C).

Growth of fungi mm
Pre-storage conditions
°C/% RH Fusarinm Phoma exigna
sulphuream v. foveata

6/954+ 5 ... ..., 7,84 2,6ab
12/954+ 5 ... ...... 6,0¢ 2,7ab
12/504+10 ......... 5,6be 3,40
1895+ 5 ......... 5,3ab 1,92
24[95+ 5 ......... 4,92 3,4b
24/50+10 ......... 8,4¢ 7,6¢
F oo, 55,34% % 69,40% %
LSDy% ..oownn... 0,9 0,6

Table 9. Influence of humidity conditions prevailing

during 24 days’ pre-storage on tuber resistance of cv.

Sabina to Fusarium sulphurenm and Phoma exigua var.

foveata. Harvested October 5, inoculated, and incubated
uniformly (20 days at 12°C).

Growth of fungi mm
Pre-storage conditions
°C/% RH Fusarinm Phoma exigua
sulphurenm v. foveata
6/954 5 .unnn.... 5,48 5,1a
6/75+10 ......... 6,30 7,0®
12/954+ 5 ......... 4,82 5,22
12/7510 . .ennn. .. 5,32 5,680
18/954 5 ......... 4,62 6,530
18/554+ 5 ......... 5,02 9,4¢
24/95+ 5 ..., 5,02 6,4ab
24[450 5 ... .. 6,60 10,0¢
Foooooaaa 23,80%** 31,71%%%
LSD;% ..vovn.... 0,8 1,0

oration of the tubers. It may merely be a result
of rapid ageing of the tubers, but it may involve
some other biochemical changes in the tuber.
Knowledge of the great importance of RH and
temperature or their combined effect is useful
when studying the actual reasons for the decrease
in tuber resistance.
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SELOSTUS

Perunan mukuloiden varastotaudinkestivyyden vaihtelusta

Esko SEPPANEN

Maatalouden tutkimuskeskus

Tutkimuksessa selvitettiin perunan mukuloiden kesti-
vyyttd varastotauteja atheuttavia Phoma exigua var. foveata
ja Fusarium sulphurenm sienid vastaan. Tarkoituksena oli
osoittaa, missd midrin Pidon ja Sabinan mukuloiden
kestdvyys vaihtelee niiden fysiologisen kehityksen aikana,
eri limpétiloissa ja erilaisissa kosteusoloissa suoritetun
esivarastoinnin aikana sekd vaikuttaako istutusaika ja
varsiston hivittiminen kestdvyyteen.

Kestivyys kumpaakin sientd vastaan vaihteli melko
yhdenmukaisesti. Nuoret mukulat olivat hyvin alttiita.
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Kestivyys parani mukuloiden kehittyessd mutta heikkeni
uudelleen varastointikauden alusta lihtien.
Mukuloiden esivarastointi alhaisessa (6°C) ja kot-
keassa (24°C) limpotilassa sekd alhaisessa kosteudessa
heikensi kestidvyyttd merkitsevisti. Vaikutus nikyi sel-
vemmin aikaisissa nostoissa, jolloin mukuloiden tuleen-
tuminen oli kesken. Oletettavasti mukuloiden hengi-
tyksen ja haihtumisen kiihtyminen nopeuttaa niiden
fysiologista vanhenemista ja samalla heikentii kestivyytti.
Istutusaika ja varsiston hivittiminen eivit kokeissa
vaikuttaneet olennaisesti mukuloiden kestivyyteen.
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DISTRIBUTION OF NITRATE IN RED BEET ROOTS AND LEAVES FERTILIZED WITH
UREA OR AMMONIUM NITRATE
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nitrate in red beet roots and leaves fertilized with urea or ammonium nitrate.
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Different parts of red beet accumulated nitrogen ions in the same way with both
urea and NH,NOj, fertilizing. The nitrate content of the root increased from the
peel to the marrow. The content in the root tip was also higher than in the whole
root. The least nitrate was observed in the leaf lamina. When the total nitrate in
beets was reduced by using 2 nitrification inhibitor (nitrapyrin) the nitrate content
decreased analogously in the eight fractions studied. Thus the incorporated nitra-

pytin does not seem to affect the nitrate level in beets per se.

Index words: red beet, nitrate, distribution of nitrate, nitrification inhibitor.

INTRODUCTION

The capacity of roots to take up nitrate is
controlled by a permease. This has been shown,
for example in tobacco (HEmMER and FILNER
1970), maize (Jackson et al. 1973, NevYrA and
Haceman 1975), wheat (AsHLEY et al. 1975)
and batley (CHANTAROTWONG et al. 1976, Rao
and Rains 1976 2, b). The enzyme is induced
by nitrate ions. The cereals have been studied
very intensively. Uptake of nitrogen in wheat
and maize depends on the size and activity of
the roots (Goopman 1979) and on the environ-
mental temperature (JAckson et al. 1976). In
maize, light also promotes the. transport of
nitrogen (BEEVERs et al. 1965). Anaerobic con-
ditions retard the uptake very effectively (Jack-
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soN et al. 1976) and ammonium ions inhibit
transport into the roots of barley (Rao and
Raixs 1976 a) and wheat (MiNoTTI et al. 1969,
BrETELER and Swmrr 1974).

The environmental factors, the duration and
intensity of light in particular, also affect the
nitrate content in beets (CanrtLIFFE 1972, 1973,
Mixorr and STANKEY 1973). The nitrate content
in beets is increcased motre by nitrate fertilizers
than by ammonium fertilizers (LEE et al. 1971,
CantLIFFE 1972, 1973, Peck et al. 1974).

In the roots the nitrate is either reduced,
stored or transported to other parts of the plant.
It is usually assumed that the total nitrate consists
of »storage» nitrate and »metabolizable» nitrate
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(HemvEer and FioNer 1971, FERRART et al. 1973,
SHANER and Boyer 1976), of which the metab-
olizable fraction is more important in the control
of nitrate reduction in plant tissues. The content
of metabolizable nitrate is higher in young cells
than in old (FErRrARI et al. 1973, Asvam and
Oaxs 1975). In maize the transport of nitrate
from the roots te-the leaves depends on tem-
perature (SHANER and Boyer 1976). A drop in
temperature deactivates nitrate reductase but the
effect on the nitrate content in leaves is minor.

In recent years, the cultivation conditions for
nitrate accumulating plants have been under
special supervision. This is due to the new
recommendations and limitations in many coun-

tries. The nitrification inhibitor nitrapyrin (2-
chloro-6-(trichloromethyl)pyridine) has
shown to reduce the nitrate content in red beets
with urea fertilizing (Karrro et al. 1980), in
radishes (Mirrs et al. 1976), and in spinach
(BEnGrssoN 1968, von Kick and Massen 1973,
von S1EGEL and Voart 1975, Mirts et al. 1976).
To obtain a better understanding of the nitrate

been

accumulation in red beets, the localization of
nitrate into different parts of red beet roots and
leaves was studied using either urea or am-
monium nitrate fertilizers. The level of nitrate
in the plants was regulated with the addition of
nitrapyrin.

MATERIAL AND METHODS

Material and treatments

A commercial variety, Rubia S»., of the globe
red beet (Beta vulgaris L. var. conditiva) was used
in the study. The experiment was conducted at
Kotkaniemi Experimental Farm, Kemira Ltd.
(60°22'N, 24°22’E) during the 1980 growing
season. Before fertilizing in the spring, the
results of soil analyses were as follows: pH 6,0,
total N 0,17 9,, Ca 1290 mg - -1, K 189, P 23,
NH,-N 10,8, and NO,;-N 25,9 mg-1-1 (Ca, K
and P were extracted with ammonium acetate,
pH 4,65 and NH,-N and NO,-N with water).
There was a total of six trial units with two
replicates each. The area of each plot was 5 m?,
and the layout was a randomized plot design.
The plots were fertilized with nitrogen applied
as either urea or a chlorine-free compound
fertilized at a rate of 80 kg of nitrogen - ha-t
containing nitrapyrin (2-chloro-6(trichloromet-
hyl)pyridine) at a rate of 0, 5,3 or 8,0 kg - ha™,
The composition of the compound fertilizer was:
total N 10 % (NO,-N 3,8 and NH,-N 6,2),
P 4, K 17, B 0,15, Cu 0,4, Mn 0,7, Mg 2,5,
Mo 0,02, Zn 0,03 and Fe 0,01 %,.
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The urea-treated plots were fertilized with
800 kg - ha! of 2 PK compound fertilizer (total
N 29%, P 7,9, soluble P 4,4, K 14,9, B 0,2,
Cu 1,5, S 5,0, Fe 0,1, Cl 14,1, Ca 12,9, and
Mg 0,1 9%). The fertilizers were spread on the
surface and turtned into the soil.

The seeds were planted on June 3 in rows
with the 1,5 cm apart. Conventional
farming practice was obsetved in controlling
weeds and pests (Betanal 5,0 1- ha-! and Di-
methoate 0,2 kg-ha? on June 12). The data
of harvesting was September 1.

seeds

Analytical methods

A 2,5 kg sample of beets from each replicate
was weighed, washed and dried, and the roots
and leaves cut off and weighed separately and
deep-frozen. Each root was divided into six
fractions as follows: the root tips (subsample no.
1) were cut off, the roots were peeled (peel, no. 3)
and the upper part of the root (4) was cut off
horizontally. The rest of the roots were cut
cylindrically into three vertical layers along the
vascular strands; the first layer (8), the second



layer (7), and the marrow (5), all of identical
thickness. The petioles (2) were cut from the
leaf laminae (6). The fractions were numbered
as in an earlier work by Kavrrio and SanproLm
(1982). The corresponding fractions of beets
from each replication were pooled, weighed,

finely ground, and deep-frozen for the nitrate
analyses. A 5 g thawed beet fraction was shaken
for 15 min with boiling distilled water and the
nitrate in the extract was determined potentio-
metrically. The dry weights of the samples were
determined by drying them for 16 h at 105 °C.

RESULTS AND DISCUSSION

The propozrtions of the fresh fractions and the
dry matter contents of the whole roots and
leaves and fractions are shown in Table 1. All
trial units have been included (n = 12) in the
table. The dry matter content of the root
is highest in the superficial parts, decreasing
towards the marrow. The leaf petioles have the
highest water content. Nitrapyrin has no effect
on the dry matter content of red beets (Table 2)
but the values of the roots and leaves are some-
what higher with NH,NO; fertilizing than with
urea. However, no statistical examination was
possible.

The effect of nitrapyrin on nitrate nitrogen
content in the roots and leaves is also shown
in Table 2. Together with urea fertilizing 5,3

Table 1. Relative proportions of the fresh red beet
fractions and the dry matter content in red beets and

fractions.
Dry matter Propottions
Fraction of red beet content, of the

(%, n = 12) fractionsa (%)
Petiole ................. 9,0+0,8 5443
Leaf lamina .............. 11,74+0,7 46--3
Root tip ...t 15,54-1,7 240
Upper patt .....ovvvnvnn.. 17,04£1,2 841
Peel ..., 15,940,7 641
Istlayer ...l 14,940,9 4743
2nd layer ................ 14,340,8 2242
Mattow .....oiiiiiiin 14,4+12 1542
Wholeleaves ............. 10,340,8 414-40v
Whole toot .......ouvnen. 14,940,8 594-4b

a The propottions (%) of the leaf fractions calculated
from the leaf fresh weight and the proportions of the
root fractions from the root fresh weight.

Calculated from the whole plants.

(=2

Table 2. Dry matter and NO;-N contents in red beets at
different nitrapyrin levels with urea and NH,NO,

fertilizing.

Dry matter (%) NO;-N content (% DW)

Roots Leaves Roots Leaves

Nitrapyrin - " " -

kg ha™t < ®] « @] « o « o

o 4 ] 4 b3 Z 8 Z

5 lg |5 |Z |P (g€ |P |Z

Z Z Z z
0 13,8 15,3 9,7(11,2|0,22|0,13 0,10 | 0,12
53 ....|14.7|15310.,0|10.4|0,08|0,07 | 0,06 | 0,05
8,0 ....[14,8|155| 9,7|10,5|0,07 | 0,06 | 0,04} 0,03

kg - ha-! of nitrapyrin reduced the nitrate content
by 60 9, in roots and by 50 9 in leaves. With
5,3 kg of nitrapyrin and NH,NO,; fertilizing
the content in roots was reduced by 40 9, and

" in leaves by 60 %. The corresponding values

with 8 kg of nitrification inhibitor were 70, 50,
60 and 80 9, respectively. When the results are
compared with those from an earlier study
(Karrro et al. 1980) the effect of the season and
the environmental conditions on the nitrate
contents is clearly seen. In the earlier work the
nitrate content in beets was only about one half
of that in the present study.

Nitrapyrin reduced the nitrate content in each
fraction of each trial unit except one (Fig. 1).
The only exception was the leaf lamina of the
urea-fertilized trial unit with 8 kg of nitrapyrin.
The contents and changes in nitrate shown in
Figure 1 were almost the same with both urea
and NH,NO; fertilizing at all inhibitor levels.
The values seem to be somewhat lower with
NH,NO, than with urea (Table 2). Of the
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Fig. 1. NO,-N content of fractions of red beet with urea (A) and ammonium nitrate (B) fertilizing with varying

nitrapyrin dosages. Petiole >, leaf lamina @, root tip A,

uppet part @, peel A, Ist layer [}, 2nd layer O,

marrow V.

24 fractions studied (eight fractions with three
nitrapyrin levels), the nitrate nitrogen was
higher in only five of the NH,NO,-fertilized
beets than in the urea-fertilized fractions (sta-
tistically not significant). With both nitrogen
fertilizers the nitrate level of the root increases
from surface to marrow (Table 3). The root
tip also had a higher content than the root, on
average. The changes in the nitrate level in red
beet did not affect the relative distribution of
nitrate in the different parts of the plant. The
distribution of nitrapyrin in the different parts

of red beet has been analyzed in an earlier study
(Karrio and SanproLM 1982). The highest con-
tents of nitrapyrin residues (on a dry weight
basis) were found in the root tips and petioles;
and the peel contained motre of it than the leaf
laminae or other parts of the root.

The results of the present study indicate that
the small amounts of nitrapyrin incorporated
into the plant do not per se affect the local
nitrate balance between the different parts of
the beet. This is evident because the nitrapyrin
rationing (5,3 ot 8,0 kg - ha-1) did not alter the

Table 3. Proportions (on dry weight basis) of NO3-N contents in fractions of red beet roots.

Relative NO4-N contents®
Fertili:
Sont | mmew | e | e
Utea ...ovviveninnennnn 100 110418 125413 9448 67410 66417 1054-19
NHNO;z .....covvivnnnn 100 1304+ 1 1334 4 708 70+ 8 88412 108411

aNO,-N content of the whole root = 100
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balance between the fractions. The parts with
high reduction of nitrate (7.e. marrow, 1st layer
and 2nd layer) in this study also contain, ac-
cording to Karrro and Sanpmorm (1982),
only minor amounts of nitrapyrin residues. Thus

in the case of red beet, as stated several times
before (GoriNg 1962 a, b, CamMPBELL and ALEEM
1965, WarLker 1976), the inhibitory effect of
nitrapyrin on nitrification is concentrated on
the soil micro-organisms.
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SELOSTUS

Nitraatin jakaantuminen punajuuren juuriin ja lehtiin urea- ja Puutarhan Y 1-lannoituksilla

Herkkr Kairio, Maarir Kyyrd, AiNo-Marja Evers ja Jouman Korxman

Turun Yliopisto, Saarioinen Oy ja Kemira Oy

Punajuuri on nitraattia kerddvd kasvi, jolla erityisesti
typpilannoitteen mdédrd, muoto ja lannoituksen ajankohta
vaikuttavat nitraattipitoisuuteen. Nitraatin akkumuloi-
tumista punajuuren eri osiin tutkittiin tyGssi urea- ja
Puutarhan Y 1-lannoituksella. Juuren nitraattipitoisuus
kasvoi pinnasta ytimeen piin (kuiva-aineesta laskettuna).
Myds juuren kirjen pitoisuus oli suurempi kuin juuressa
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keskimidrin. Pienin nitraatin miiri oli lehtilavoissa. Kun
alennettiin punajuuren kokonaisnitraattisisiltdd kayt-
tamilld lannoituksen yhteydessd nitrifikaatioinhibiittoria
(nitrapyriini), alenivat eri fraktioiden nitraattipitoisuudet
analogisesti kummallakin lannoitteella eri inhibiittori-
tasoilla. Kokeillulla inhibiittorilla voitiin merkitsevisti
alentaa punajuuren nitraattipitoisuutta.
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Hiry, J., Karrro, H. & Trxanmiki, E. 1982, Survival of fecal indicator bacteria
in an industrial-scale composting procedure. Ann. Agric. Fenn. 21: 137—145.
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The behavior and survival of fecal indicator bacteria (fecal coliform bacteria,
fecal streptococci, Clostridium perfringens) were observed during various seasons
in an industrial-scale composting process of a foodstuff factory garbage disposal
system. In the course of the study the prevalence of Sal/monella in these composts
was also investigated.

In the spring and fall composts the logarithmic counts of fecal coliform bacteria
ranged from 6,55 to 7,01. In the wintet composts the counts were, apparently
because of the freezing of the raw material, somewhat lower. A corresponding
feature was also seen in fecal streptococci whose counts in the spring/fall composts
ranged from 6,18 to 6,54. With C. perfringens this feature was not observed; its
counts ranged from 4,45 to 4,77.

The numbers of fecal coliform bacteria decteased within a 1-to-2-week waiting
period to below the limits of determination. During the first 2 to 4 weeks, however,
considerable variations in the numbers of fecal bacteria were seen intermittently.
The apparent reason in the winter piles were the considerable variations in tempera-
ture increments; in the spring and fall piles the causative factor was perhaps the
intermittent proliferation of Klebsiella pnenmoniae in the sutface parts of the piles
in particular.

The reduction of fecal streptococci was of the order of 2 to 3 logarithmic counts
within 6 to 7 weeks; 6 months after the beginning of the composting the counts
were low. The species selection, however, seemed to change essentially within
the first few weeks.

The numbers of C. perfringens diminished by 1 to 2 logarithmic counts. The
reason for the reduction may be the destruction of vegetative cells in the beginning
of the study as well as possible germination of spores into vegetative cells, followed
by their desttuction under the influence of high temperatures.

No Salmonellae were seen in the investigated samples. This result was expected,
althougt it is evident that they may occasionally occur in the raw materials. The
high composting temperature, however, eliminates Salmonellae.

On the basis of this study except Ca-test piles, the different types of piles or
the different seasons seemed to have had very little variable effect on the numbers
of fecal indicator bacteria.

Index words: fecal indicator bacteria, Sa/monella, composting process, food industry
wastes.
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INTRODUCTION

The interest in land disposal of wastes from
animal husbandry, industries and municipalities
has grown rapidly during the past few years.
The application of these wastes in soil does not,
however, offer a solution to all problems of
garbage disposal because there are a lot of both
non-pathogenic (Wrrraaver 1980) and path-
ogenic micro-organisms (Rauroruro 1979,
World Health Organization 1979, DupLEY et al.
1980, Hirn 1981). Diseases caused by pathogenic
micro-organisms known to exist in animal,
industrial, and municipal wastes are of primary
importance to public health. Yet, it is often
quite difficult to show the existence of pathogenic
or potentially pathogenic micro-organisms in
garbage or composts because each species or
group of micro-organisms should be detected
with its specific method, which may be quite
laborious indeed. For this reason the hygienic

quality and also the health hazards of composted
material have been estimated indirectly by the
so-called fecal indicator bacteria (HunTA et al.
1978, LanGerLanDp 1980).

The behavior of micro-organisms in garbage
depends on many different factors. These include,
for instance, the temperature, the humidity,
the pH, the physical composition of garbage,
and the intermicrobial competition (EpMonNDs
1976). These factors vaty considerably when
different wastes are composted with different
composting methods.

The purpose of this study was to observe the
prevalence and behavior of some fecal indicator
bacteria (fecal coliform bacteria, fecal strepto-
cocci, Clostridium perfringens) and Salmonella in
compost piles prepared on an industrial scale
and of different compositions and structures
during different seasons.

MATERIAL AND METHODS

Samples

The samples for the bacteriological study were
taken from each pile from three different points
at a 50-to-60-cm depth from the surface with a
clean shovel, each sample in its own plastic bag.
The amount of sample from each sampling point
was 150 to 200 g. The samples were frozen,
packed in cold boxes, and transported for
examination, which was commenced immediately
the next morning. The three samples from each
pile were pooled together and mixed in the
laboratory; the bacteriological examination was
done on the pooled samples. Fecal indicator
bacteria (fecal
C. perfringens) were studied immediately from
the pooled samples. The study was repeated

coliforms, fecal streptococci,

weekly up to 6th to 7th week, and six months
after the mixing (range 23 to 29 weeks). When
the piles were turned or aerated, samples were
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taken both before and after the procedures.
Salmonella was studied only at the time of
mixing and 1 week after composting. The piles,
their raw material, the piling process, and com-
position have been reported in more detail by
Karrro and TixanmAxr (1982).

Bacteriological investigations

To detect fecal coliforms, fecal streptococci, and
C. perfringens a plate count technique was em-
ployed (Standard Methods for the Examination
of Water and Wastewater, 1980). The growth
medium for fecal coliforms was mFC-agar
(Difco Laboratories, Detroit, Mich., USA)
(GevLpreicH et al. 1965, Hirn 1976), for fecal
streptococci Slanetz and Bartley agar (Orion
Diagnostica, Espoo, Finland) (Sranerz and
BartiEY 1957) and for C. perfringens tryptose-



sulfite-cyclosetine-egg  yolk agar (TSCEY)
(Difco) (Harmon 1976, Hirn and RAEVUORI
1978). Incubation for fecal coliforms was at
44,5 °C for 24 h, for fecal streptococci at 37 °C
for 48 h and for C. perfringens at 37 °C for 24 h.
C. perfringens was incubated anaerobically in
GasPak jars equipped with GasPak disposable
hydrogen and carbon dioxide generator enve-
lopes (BBL, Cockeysville, Md., USA). The
samples were diluted with physiological NaCl
solution.

"To confirm the typical blue or bluish colonies
assumed to be fecal coliform bacteria, some
further tests were done with the API 20 E
method (Analytical Products Inc., La Balme les
Grottes, France). Correspondingly, the identi-
fication of C. perfringens was confirmed by taking

RESULTS AND

The numbers of fecal coliform bacteria in com-
posts mixed in the winter seem to be somewhat
smaller (5,43 and 5,90) than in the composts
mixed in the spring (6,55 and 6,78) and in the
fall (7,01 and 6,58) (Table 1). The concentration
of fecal coliform bacteria in the CaO-stabilized
piles was < 4,00. This is quite understandable
because the pH of the compost during the first
weeks was between 12 and 13 (Karrio and
TrxanMikI 1982). As a whole, the initial num-
bers of fecal coliform bacteria are as expected,
because their numbers in the sludge may vary
widely, ranging from 3,00 to 6,00 (EpmonDs
1976, Kerr 1978). The numbers of fecal coliform
bacteria in different completed compost mixtures
have respectively been of the order of 5,00 to
7,00 (HumTa et al. 1978, Langeland 1980). In
the present study the numbers of fecal coliform
bacteria usually decteased within 1 to 2 weeks
down to below the limits of the determination
methods used. This was expected because the
pile temperatures ranged from 65 to 86 °C
(Kariio and Trkanmixr 1982). Humra et al’s

off the TSCEY-agar 100 typical black colonies
surrounded by a zone of white precipitate. The
colonies wete further examined for the following
characteristics: Reduction of nitrate, motility,
production of acid from lactose, and hydrolysis
of gelatine. Serological typing of C. perfringens
on lactose egg yolk agar (Homss et al. 1971)
was also done.

The Salmonella was examined by transferring
15 g of pooled sample into tetrathionate broth
(BBL). Incubation at 43 °C for 24 and 48 h
was used. The isolation of the organism was
done from bromthymol-blue lactose agar
(Merck, Darmstadt, FRG) which was incubated
at 37 °C for 24 h. Typical blue colonies were
transferred to ‘TSI and urea agars (Orion
Diagnostica).

DISCUSSION

(1978) and LanGeLAND’s (1980) studies do not
show a corresponding decrease. In their studies
the temperatures did not, however, exceed 50 °C.

During the study great variations were ob-
served among different piles, however, in the
reduction of the numbers of fecal coliform
bacteria. In the winter piles the variation was
seen in particular 2 to 3 weeks after the con-
struction of the piles. Then some of the samples
wetre negative and some positive. One reason
for the great variation was the very different
temperature behavior of the different piles as a
result of the low environmental temperature
(Karrro and Tixanmikr 1982). In the spring
and fall piles a corresponding great variation
in temperatures was not observed. On the other
hand, intermittent high results which can be
interpreted as positive results were seen in both
the fall (weeks 2 to 4) and spring (week 2)
piles. On the basis of the relatively few (30)
identifications and colony morphology this is
ptobably due to a proliferation of Kiebsiella
pneumoniae under favourable conditions (sutface
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Table 1. The effect of composting time on the means and standard deviations of the logarithmic counts of fecal coli-
forms in the different piles during the winter, the spring and the fall.

Log. fecal coliform count/g
Time Type of Winter Spring Fallb
(week) a pile® n
Mean Standard Mean Standard Mean Standard
deviation deviation deviation
0 A 4 5,43 0,35 6,55 0,30 7,01 0,12
B 4 5,90 0,24 6,78 0,39
C 3 6,58 0,28
D 2 <4,00
1 A 4| 458 0,21 <2,00 6,12 0,12
B 4| 534 0,04 <2,00
c 3 6,96 0,22
D 2 <4,00
c c
2 A 4| 371% 1,23 (e 522%  (6,69) |1,73 (0,26)
B 4 | 404%x 1,05 ( reer
c 3 517  (6,23) |0,53 (0,26)
D 2 <4,00 (<4,00)
3 A 4 | 339% (4,73)%+| 1,31 (1,25) 5,77%% 1,44
B 4 | <3,00 (<3,00)
C 3 <4,00
D 2 <4,00
4 A 4 | <300 (<2,00) (2,33)* (0,47)
B 4 | <300 (<2,00)
c 3 (3,00)% (1,41)
D 2 (2,00)
5 A 2 | <200 (<2,00)
B 2 | <200 (<2,00)
6 A 2 (<2,00) (<2,00)
B 2 (<2,00)
c 3 (<2,00)
D 2 (<2,00)
7 A 2 | <200 (<2,00)
B 2 | <200 (<2,00)
26, 299|. A 4 2,20%* 0,34
B 4 | 2,12% 0,21

& A corresponds to the piles AB,C;, AB,C, and C,; Formula 4; B corresponds to the piles AB,; C corresponds

to the piles C; Formula 3; D corresponds to the piles Cy Formula 2 (Karrro and TikanMAixr 1982).

The means and standard deviations of the fall piles are the means of three samples.

The means and standard deviations within parentheses are the means after turning or aerating of the piles.
The samples were taken from the winter piles after 29 weeks.

The means and standard deviations ate the means of 1 positive and 2—3 negative results (< 2,00 or < 3,00).

** The means and standard deviations are the means of 2 positive and 1—2 negative results (< 2,00 or < 3,00).

*** Two samples > 5,00 and two < 2,00.

**¥** One sample > 5,00 and three < 2,00.

¥ 2 o o

temperature of piles from 25 to 40 °C; cyclitols The numbers of fecal streptococci in the winter
in the pine bark waste) (TAL‘BOT and SErprer piles (5,69 and 5,89) also seemed to be somewhat
1979). After a prolonged (> 4 weeks) com- lower than in the spring (6,49 and 6,45) and
posting process, however, the logarithmic counts  fall (6,54 and 6,18) piles (Table 2). These results
scemed to be comparably low (= 2,00). agree with those by Langeranp (1980). Not-

140



Table 2. The effect of composting time on the means and standard deviations of the logarithmic counts of fecal
streptococci in the different piles during the winter, the spring and the fall.

Log. fecal streptococci count/g
Time Type of Winter Spring Fallp
week) a pile® a
Mean Standard Mean Standard Mean Standard
deviation deviation deviation
0 A 4 5,69 0,26 6,49 0,29 6,54 0,15
B 4 5.89 0,13 6,45 0,20
C 3 6,18 0,30
D 2 <4,00
1 A 4 5,47 0,32 5,58 0,59 5,29 0,08
B 4 5.91 0,04 5.83 0,35
c 3 5,67 0,21
D 2 <4,00
2 A 4 5,97 0,24 6,22 (550)c | 0,39 (0,94)| 4,16 (5,65 |0,23 (0,41)
B 4 4.81 1,10 523 (513) 0.67 (0,56)
C 3 <4,00 (4,99) (0,72)
D 2 <4,00 (<4,00)
3 A 4 5,26 (5,54) | 1,15 (0,77) 5,58 1,26 4,46 0,23
B 4 5,05 (5.34) | 0,86 (0,41) 5,20 0,95
C 3 4,72 1,01
D 2 474 0.74
4 A 4 5,21 0,90 3,70 (4,94) 0,56 (1,17)| 4,18  (5,10) |0,92 (0,07)
B 4 428 1,31 5.21 (5.35) 0.21 (0,39)
c 3 454  (4,99) |0,41 (0,31)
D 2 2,93 (2,50) |0,23 (0,50)
5 A 4 3,95 (4,84) | 0,29 (0,44) 4,77 1,08 5,18 0,27
B 4 412 (4.61) | 0,69 (0.53) 5.32 0.38
c 3 5,26 0,45
D 2 <2,00
6 A 3 4,024 (5,254 | 1,02 (0,05) | 5,50 (4,44) |1,09 (0,42)
B 3 5169 (6,46) | 0,12 (0,08)
c 3 442 (4,28) |0,06 (0,21)
D 2 2,93 (5.79) |0,93 (0,64)
7 A 4 3,68 (4,14) | 1,03 (1,17)
B 4 3,60 (4.30) | 0,88 (0,71)
23, 26,| A 4 <2,00 2,76 0,84 2,20 0,28
200 | B 4| <220 2,57 0,56
C 3 <2,00
D 2 3,74t 1,74

2 A corresponds to the piles AB,C;, AB,C, and C,; Formula 4; B corresponds to the piles AB,y; C corresponds to
the piles C; Formula 3; D cotresponds to the piles Cy Formula 2 (Karrro and Tixkanmixr 1982).

b The means and standard deviations in the fall piles are the means of three samples.

¢ The means and standard deviations within parentheses are the means after turning or acrating of the piles.

4 The means and standard deviations are the means of two samples.

¢ The samples were taken from the winter piles after 29 weeks, from the spring piles after 23 weeks and from the
fall piles after 26 weeks.

f The mean and standard deviation is the mean of 5,48 and < 2,00.

withstanding singular exceptions, no fecal strepfo-  during the first 6 to 7 weeks rather evenly by
cocci were found in CaO-stabilized piles. As a 2 to 3 logarithmic counts. After six months of
whole, it was established that the number of studying the numbers seem to range from < 2,00
colonies to be interpreted as positive diminishes to 3,00. During the course of this study it was
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Table 3. The effect of composting time on the means and standard deviations of the logarithmic counts of C. per-
Jringens in the different piles during the winter, the spring and the fall.

Log. C. perfringens count/g

Time Type of Winter Spring Fallb
(week) a pile? n
Mean Standard Mean Standard Mean Standard
deviation deviation deviation
0 4 4,45 0,13 4,66 0,07 4,75 0,24
4 4,58 0,16 4,50 0,10
3 4,77 0,17
2 <2,00
1 4 4,31 0,20 3,77 0,44 3,82 0,46
4 4,36 0,10 3,85 0,22
3 4,21 0,40
2 <2,00
2 4 4,45 0,33 433 (3,35)c | 0,52(0,78)| 4,15 (4,19 |0,59 (0,28)
4 404 0,07 3.33 (3.63) 0,51 (0.38)
3 447  (4,10) | 0,30 (0,08)
2 <2,00 (<2,00)

3,76 (4,07) | 0,54 (0,05)
3,60 (3,78) | 0,20 (0,13)

3,54 0,20
3,48 0,42

3,29 (3,61) | 0,29 (0,36)
3,45 (3,36) | 0,36 (0,54)

7 3,24 (3,40) | 0,35 (0,48)
3,69 (3,75) | 0,16 (0,18)
23, 26, 2,88 0,34
29t 3.12 0,32

BN
gowy> ®> OOowWR> oW Uowdk gowk gowx gowx gowk

[NCREIE L N LWL W N O A N LA [N RE

3,26 0,67 4,264
2.83 0,84
4,08 0,15
<2,00
3,22 (3,71) 0,96 (0,20)| 3,91 (4,65) | 0,43 (0,12)
334 (3.34) 0,43 (0,49)

3,58 (3,59) |0,27 (0,30)
<2,00 (<2,00)

2,91 0,56 3,79 0,21
3,97 0,20
3,96 0,47
<2.00

3,41¢ (3,28)e | 0,01(0,00)| 3,70 (4,28) | 0,17 (0,51)
3,51 (3.84)e | 0,25 (0,28)
3,71 (3,84) | 0,10 (0,26)
<2,00 (<2,00)

2,54 0,32 3,40 0,28
2,23 0,25
3,32 0,12
<2,00

& A corresponds to the piles AB,C,, AB,C, and C; Formula 4; B corresponds to the piles ABy; C corresponds to
the piles C; Formula 3; D corresponds to the piles Cy Formula 2 (Kartio and Trxanmikr 1982).

® The means and standard deviations in the fall piles are the means of three samples.

¢ The means and standard deviations within parentheses are the means after turning or aerating of the piles.

4 The logarithmic figure is the figure of one sample.

¢ The means and standard deviations are the means of two samples.
! The samples were taken from the winter piles after 29 weeks, from the spring piles after 23 weeks and from the

fall piles after 26 wecks.

found that, based on colony morphology, the
species selection of the colonies which can be
interpreted positive on the used plate apparently
changed. It is to be assumed that in the initial
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phases of the study the mesophilic species, the
streptococci of group D in particular, comprise
the main proportion of the growing bacteria.
With the rising temperatute they are, however,



destroyed and replaced by thermophilic species.
With ongoing composting natural reduction
then takes place (GaALLER et al. 1978).

The counts of C. perfringens were very close
to one another in all the composts of the different
seasons (from 4,45 to 4,77) (Table 3); no dif-
ference between the winter piles on the one
hand and the spring/fall composts on the other
hand, such as in the numbers of fecal coliforms
and fecal streptococci, was seen. This is probably
due to the better freeze-resistance of the spores
(the raw material was partly frozen) as compared
to vegetative cells. In the CaO-stabilized piles
the used method did not reveal C. perfringens
at the concentration of 2,00. During the course
of the study, in all different types of composts
in all different seasons, a reduction of 1 to 2
logarithmic counts took place within 6 to 7
weeks of composting. After 6 months of com-
posting the counts ranged from 2,23 to 3,40.
The reduction seemed to be rather small during
the concluding phases of the study. Notice that
Humra et al. (1978) and LangEranp (1980) in
their studies did not find any reduction in the
numbers on C. perfringens. One reason for this
reduction of the numbers may be the destruction
of the vegetative cells (the method used includes
no heating phase) immediately after the onset

of composting, and perhaps also the germination
of spores into vegetative cells caused by the
high temperatures in the piles; the cells would
then have been destroyed. The strains isolated
from the plates (100) were identified in all cases
as C. perfringens.

No Salmonellae were found in the tested samples
(48). In spite of the rather small number of
samples it is obvious that Sa/monella does not
appeat in the raw material used, mainly sludge
and poultry house litter, except intermittently
(Hirn 1980). The health hazard caused by
human pathogenic bacteria, Sa/monella in pat-
ticular, is considerably reduced by the high
temperatures reached during the composting, 65
to 86 °C (Karrro and TirkanmAxr 1982); these
temperatures destroy a major proportion of
the vegetative cells of pathogenic bacteria
(Pratz 1977 a, b).

On the basis of the determination of the
number of fecal indicator bacteria and clarifi-
cation of the occurrence of Sa/monella in different
compost piles in different seasons it seems
obvious that the composting methods used in
the study efficiently reduce the numbers of
bacteria and essentially minimize health hazard
to man or animals which may be caused by
pathogenic bacteria.
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SELOSTUS

Fekaalisten indikaattoribakteerien kiyttiytyminen teollista mittakaavaa olevassa kompos-
tointiprosessissa

Jorma Hirn, Herkkr Karvrro ja Erisa TixkaNMAKI

Valtion Elidintieteellinen laitos, Saarioinen Oy ja Turun Yliopisto

Tyossi seurattiin fekaalisten indikaattoribakteerien (fe-
kaaliset koliformiset bakteerit, fekaaliset streptokokit,
Clostridinum perfringens) kiyttiytymisti ja siilymistd suo-
malaisen elintatviketeollisuuslaitoksen jitehuoltoon lijt-
tyvissi ja teollis-mittaisessa kompostointiprosessissa eri
vuodenaikoina. Lisiksi selvitettiin Sa/monellan esiintymistd
komposteissa.

Fekaalisten koliformisten bakteerien logaritmiset luku-
arvot valmiiksi sekoitetuissa kevit- ja syyskomposteissa
olivat 6,55:n ja 7,01:n vililli. Talvikompostissa vastaavat
lukuarvot olivat, ilmeisesti raaka-aineiden jditymisen
vuoksi, hieman alhaisempia. Samanlaiset tulokset saatiin
fekaalisilla streptokokeilla. Arvot olivat kevit-syyskom-
posteissa 6,18—6,54. C. perfringensilli ei titd 1lmiotd
havaittu, vaan lukuarvot vaihtelivat 4,45—4,77.

Fekaalisten koliformisten bakteerien méirit laskivat
1—2 viikon kuluessa mdiritystajojen alapuolelle. 2—4
viikon kuluttua tyén aloittamisesta todettiin ajoittain
huomattavaa vaihtelua fekaalisten koliformisten bak-
teerien lukumidrissd. Syynd vaihteluun oli talviaumoissa
ilmeisesti limpdtilan nousussa olleet vaihtelut ja kevit-

sekd syysaumoissa ajoittainen Klebsiella pneunroniaen lisdin-
tyminen etenkin aumojen pintaosissa.

Fekaalisten streptokokkien viheneminen oli 2—3
logaritmisen lukuatrvon luokkaa 6—7 viikon aikana.
Kuuden kuukauden kuluttua mdirdt olivat vihdisii.
Lajisto niytti kuitenkin muuttuvan oleellisesti muutaman
ensimmiisen koeviikon kuluessa.

C. perfringensin miirit vihenivit tyén kuluessa 1—2
logaritmisen lukuatvon verran. Syynd vihenemiseen
saattoi olla vegetatiivisten solujen tuhoutuminen kokeen
alussa seki itididen mahdollinen germinoituminen vegeta-
tiivisiksi soluiksi korkeahkon limpdtilan vaikutuksesta
ja edelleen tuhoutuminen.

Salmonellaa ei tutkituista niytteisti todettu. Tulos oli
odotettu, Tosin on ilmeistd, ettdi raaka-aineissa Sa/mo-
nellaa  saattaa ajoittain esiintyd. Korkea kompostointi-
limpétila eliminol Salmonellan.

Tutkituilla eri aumatyypeilld ja vuodenajoilla ei nidyt-
tinyt suotitetun kokeen perusteella olevan merkittdvid
vaikutusta fekaalisten indikaattoribakteerien lukumidriin
lukuun ottamatta koeaumoja, joihin oli lisitty CaO:a.
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RESEARCH NOTE

A COMPARISON BETWEEN A DRY-COMBUSTION METHOD AND A RAPID WET-
COMBUSTION METHOD FOR DETERMINING SOIL ORGANIC CARBON

Jouxo Sirrora

Sterors, J. 1982. A comparison between a dry-combustion method and a
rapid wet-combustion method for determining soil otganic catbon. Ann.
Agric. Fenn. 21: 146—148. (Agric. Res. Centre, Inst. Soil Sci., SF-31600 Jokioinen,
Finland.)

The dry-combustion method gave 6—7 % higher organic carbon contents than
the rapid wet-combustion for clay and coarse mineral soils and 12 %, higher for
organic soils on an average. The difference is most likely because of incomplete
oxidation of organic matter b}-r the rapid wet-combustion method.

The coeflicient of variation of the wet method was 7,5 % and that of the dry
method 4,7 %, on an average. The dry-combustion method was considered to be
more precise for organic carbon determination in noncalcareous soils in Finland
than the rapid wet-combustion method.

Index words: otganic carbon, rapid wet-combustion, dry-combustion, mineral
soils, organic soils.

INTRODUCTION

In determining soil organic carbon content
methods
change in concentration of the oxidizing reagent

based on the determination of the

are much used because of their fastness and
simplicity. Readily oxidizable organic matter is
reacting and fresh plant material or inert forms
of carbon are not taken into account. The intet-
ference by other easily oxidizable substances is
possible.

Despite of various modifications (WALKLEY
and Brack 1934, ALTEN et al. 1935) the rapid
wet-combustion methods recover organic carbon
incompletely and correction factors are needed
when total organic carbon is estimated. Standard
samples whose organic carbon content is known
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may also be used but their type of organic matter
must be same as those of the analyzed samples
(OrprHANOS 1973).

Also dry-combustion methods are developed
to determine soil carbon content. Carbonate
carbon and other non-organic carbon if present
are included. In case of calcareous soils a pre-
treatment is therefore needed. An important
advantage of the dry-combustion over wet-
combustion is that little reagents are used.

This investigation was initiated to compare
the organic carbon results obtained by a rapid
wet-combustion and a dry-combustion method
in a sample material consisting of acid soils in
Finland.



MATERIAL AND METHODS

‘The soil samples of the study (Table 1) included
all the major soil types of Finland and they
were collected all over the country. Air dried
through 2 mm sieve ground samples were used
for determinations. ‘

The instrument used for organic carbon
determinations according to the dry- combustion
method was a LECO CR-12. The size of samples
was 500 mg and they were covered with 0,5 g

Al,O, (Merck 1097) before pushing into oven
at 1370 °C. In the instrument the carbon of
samples is burned in a stream of oxygen to CO,
which is determined by infrared detector. The
instrument was calibrated using powdered cal-
cium carbonate as standardizing material. The
wet-combustion method used was a modified
Avten et al. (1935) method (T'AREs and SipPOLA
1978).

RESULTS AND DISCUSSION

Accotding to the results (Table 1) the dry-
combustion method gave higher organic carbon
contents than the wet-combustion method. The
difference was 6—7 9%, on the average in the
gtroups of clay and coarse mineral soils and 12 %,
in organic soils. This difference was most likely
due to the incomplete oxidation of organic
matter by the wet-combustion method. An
indication of a partial reaction of organic carbon
despite of the use of external heating to increase
reaction is the larger difference between methods
in the groups of organic soils than in mineral
soils.

The standatrd soil used in the wet-combustion
method was less suitable for organic than for
mineral soils since its organic carbon content
was only 5,55 %. A better agreement of results
would have been expected when separate stan-
dards for each of the main soil types could have
been used (DrovEr and ManNER 1975). The
agreement between low organic matter soils,
however, was expected to be better.

In the dry-combustion method the inclusion
of carbonate carbon causes too high organic
catbon values. The soils of the study were, how-
ever, acid with an average pH(H,O) of 5,5.
The carbon in the normal rates of liming from
5 to 10 t/ha of limestone is less than 1 9, of the
total carbon in these soils. The coefficients of

Table 1. Organic catbon contents of air dry soil, deter-
mined by dry- and wet-combustion methods and their
coefficients. of variation.

Coefficient

Org. CY of variation

a Method of combustion Met}jgd of

combustion

Dry | Wet Dei;?;- Dry | Wet

Clay and silt .. .. 55| 3,88 | 3,61|0,27+**% 27| 4,8

Heavy clay ... 5| 4,73 | 4,2410,49%*¢ | 17| 2,6

Silty clay .... 15| 4,01 | 3,80(0,21** | 21| 3,1

Sandy clay ... 8| 4,62| 4,31|0,31**%| 16| 2,3

Silt ..., 27| 3,44 | 3,18(0,26%**%| 36| 5,9
Coarse mineral

soils ......... 82| 4,331 4,08|0,25%%%| 6,2 7.4

Finer finesand . 17| 4,29 3,99,0,30+*x} 35| 29

Finesand ..... 35( 4,21 3,98|0,23*%** 7,1| 4,6

Sand ........ 3| 5,46 | 5,08(0,38 12,3| 4,7

Glacial till ....| 27 4,38| 4,15/0,23* 44| 11,2

Organic soils ... | 46(32,59|29,09(3,50**% 3,1 5,0

Mould ....... 12117,63 [15,53(2,10%%*| 25| 50

Carex peat ... 32137,55|33,5014,05%*%* 31| 49

Sphagnum peat 2 (42,85 (39,70!3,15 0,5| 4,1

Allsoils ........ 183 (11,30 |10,20(|1,10%*¢*| 47| 7,5

F¥p < 0,001, ¥¥p<0,01, *p<0,05

variation of determination (Table 1) are larger
than this and therefore evenly applied liming
will not affect the results significantly. The

vatiation coefficient for all soils of the wet-

combustion method was 7,59, compared to
4,7 %, of the dry-combustion method (Table 1).
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Large variability of results was found in groups
of sand and glacial till soils. This may be caused
by inhomogeneity of samples of coarse texture
and organic matter. Low coefficients of variation
were observed in groups of clay soils.

The dry-combustion method gives repro-
ducible results and the operation of the instru-
ment is fast. When the error caused by free lime
is taken care of, reliable results for soil organic
carbon atre obtained.
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SELOSTUS

Vertailu maan orgaanisen hiilen méirittimisestd kuiva- ja mirkipolttomenetelmilld

Jouko Sirrora

Maatalouden

Maan otgaanisen aineksen mdirittdmisessi ovat mirki-
polttomenetelmit olleet suosittuja nopeutensa ja yksin-
kertaisuutensa takia. N;)peilla mirképolttomenetelmilld
voidaan kuitenkin mdidrittdd vain helposti hapettuva
orgaaninen aines, eikd siten kaikki maan orgaaninen hiili
tule mukaan analyysissi. Kuivapolttomenetelmissi niyte
poltetaan happivirrassa ja vapautunut hiilidioksidi mi-
tataan. Menetelmin suurimpana virhelihteend pidetdin
sitd, ettd kiytetyissd limpétiloissa karbonaatit hajoavat
vapauttaen hiilidioksidia.

Kuivapolttomenetelmilld saatiin kivenniismaista kes-
kimidrin 6—7 9%, korkeampia orgaanisen hiilen pitoi-
suuksia kuin mirkipolttomenetelmilld (taulukko 1).
Eloperidisten maiden * ryhmissi ero oli 12 9%. Timi
johtui todennikdisesti orgaanisen aineksen epitiydelli-
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tutkimuskeskus

sesti palamisesta mirkdpolttomenetelmissi. Ero olisi
ollut ilmeisesti pienempi, mikili kullakin maalajiryhmalld
olisi kiytetty humuspitoisuuttaan vastaavia standardi-
maita., Kalkitusaineiden karbonaatin sisiltimin hiilen
aiheuttama virhe kuivapolttomenetelmin tuloksiin on
alle 19, silloin kun kiytetdin- kalkkia 5—10 tn/ha.

Kaksoismairitysten perusteella laskettu mairitysmene-
telmien toistettavuutta kuvaava variaatiokerroin oli kuiva-
polttomenetelmilli pienempi kuin mirkipolttomenetel-
milli. Kuivapoltto antoi siis tarkempia tuloksia. Koska
kuivapoltto on lisdksi mirkipolttoa nopeampi suorittaa
ja siind tarvitaan vain vihin kemikaaleja, voidaan siti
pitdd mirkipolttomenetelmid soveliaampana mmaan of-
gaanisen hiilen miirittimiseen.

'
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