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to 154, for 1 ine 2, 60-132 and for 1 ine 3, 36-126. This change is due to dif

ferences in bulk density between the three 1 ines. Moisture content values 

over 100 vol. % are a result of error described earl ier. As a resu1t of higher 

bulk density in drained peat samples, Fig. 5 shows a higher VWC at a given 

GWC for 1 ine 1. Lines 2 and 3 show similar values although those for 1 ine 3 

may be marginally higher. Actual values of moisture content by volume and 

bulk density are given in Table 1. As can be seen, water content of the soils 

depend on the depth to the watertable. Bulk density of peat soil is increased 

by drainage, at least above the watertable, as can be seen from the values 

obtained. Variation within each I ine is due to differences in composition. 

Density of solids ranged from 1.49 to 1.92 on line 1,1.44 to 1.72 on line 2 

and 1.42 to 2.07 on line 3. 

Void ratio and porosity (%) are comparable in all treatments for layers above 

the watertable 3-4 and 78 % respectively and for layers below the watertable, 

7 and 87-88 respectively. 

Degree of saturation in the upper 50 cm is lower in line 1 (81.2 %) than in 

1 ine 2 (82.4 %) and 1 ine 3 (86.4 %). 

Air-filled porosity in 1 ine 1 is higher at levels between 40 and 70 cm below 

the surface, presumably as a result of the lower watertable in this plot. 

Shrinkage in volume was lower for samples from 1 ine 1 at all levels, especial

ly in layers above the watertable. This is to be expected if drainage has al

ready led to compaction of the peat on 1 ine 1. 

pH measurements did not show any variation between plots. 

Loss on ignition values reflect three aspects of the soil profile at this 

site - the highly undecomposed layer at 30-50 cm depth, the inclusion of gytt

ja below the 50-60 cm level and, finally, the effect due to drainage on the 

upper layers. Exposure of the peat material to air by drainage causes oxida

tion of organic matter and reduces the organic matter proportion of the peat, 

with a corresponding decrease in loss on ignition. Thus the upper 40 crr 

of the moled plot have a lower content of organic matter (lower loss on igni

tion) than the other two plots. The lower loss on ignition values for levels 

around and below 60 cm in all plots reflect the gyttja content of the lower 

layers. 

Hydraul ic conductivity is notoriously difficult to measure on peat soils, es

pecially in the laboratory. SI ight shrinkage of the sample causes leakage 
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between the soil plug and the cy! inder wall and gives misleadingly high k

values (Boelter, 1965). Values obtained in this study gave a large range 

0-29.4 cm/hour. However, disregarding extreme high and low values and k2 

readings, the range of values obtained was 0.6-4.7 (cm/hour) on 1 ine 1, 0.2-

7 on line 2 and 0.2 to 7 on line 3. A trend towards lower hydraul ic conducti

vity with depth and with drainage (1 ine 1) was shown. 

The range of values obtained can be compared to figures produced by Boelter 

(1965) who tested vertical hydraul ic conductivity of peat in the laboratory 

and found k-values of 32.4 cm/hour for undecomposed peats, 0.2 cm/hour for 

partially decomposed peat with wood inclusions and 0.014 cm/hour for her

baceous peat. 

Galvin (1976) tested a range of Irish peats and found laboratory values of 

0.2 cm/hour for reed fen peat, 0.03-0.76 cm/hour for woody fen peat and 0.87 

cm/hour for younger Sphagnum peat. 

Dasberg & Neuman (1977) found vertical k-values of 0.15-29 cm/hour in samples 

of peat from 40 cm depth and 0.002-0.8 cm/hour in samples from 55 cm depth. 

CONCLUSIONS 

At this early stage mole drainage appears to be a successful drainage tech

nique for the peat soil investigated in this project. Evidence of this can 

be seen first from surface condition and trafficabil ity, as compared to the 

other two areas. A further indication of mole success is seen in control of 

watertable level in the moled plot to a depth of 60 cm below the surface. 

This peat has particular drainage problems because of its extremely low perme, 

bil ity as seen in augerhole tests. In addition, a dense layer of un decomposed 

material at and above drain depth is a feature of this profile. The formation 

of cracks above the mole channel allows precipitation fall ing on the surface 

passage through the impermeable material to the drain. 

Laboratory measurement of hydraul ic conductivity in the constant head appara

tus does not appear suitable for a peat sampl~. In some cases, sI ight shrink

age of the peat plug in the cyl inder results in too high a k-value. In other 

cases (compare 1 ine 1) results reflect only a decrease in k-value due to dry

ing and compact ion of material after drainage and take no account of the ver

tical cracks which contribute to the success of this technique. A method to 

make continuous measurements of infiltration in the field and to observe the 

effects of precipitation on groundwater levels would be more appropriate to 
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the assessment of drainage on peat soils. 

Problems arise when tests of soil physical characteristics which have been de

signed for mineral soils are appl ied to peat samples. Such problems arise from 

a) low density of peat material which makes it impossible to use a 10 g sample 

as is done with mineral soils. Because of the greater volume, a 10 g peat 

sample is too bulky for the standard equipment, 

b) shrinkage of peat, especially irreversible shrinkage brought about by glu

tinous humic acids produced from the oxidation of 1 ignin (Puustjarvi, 1982). 

This process occurs naturally in drained soils and is seen as increased bulk 

density and decreased volume shrinkage of the peat (compare line 1, tables 1 

and 4). When this shrinkage occurs in samples taken for laboratory analyses, 

results may be distorted. For this reason, density of sol ids determinations mus 

be performed on air-dried samples. 

Loss of material through oxidation of organic matter to carbon dioxide and wate 

is known to occur fairly quickly, especially in pure Sphagnum peats (Puust

jarvi, 1982). If this process has already taken place in samples of peat from 

a drained area, then weight/volume comparisons with samples of undrained peat 

are not correct. 

Although mole drainage is effective at present in the area investigated, long 

term studies to estabi ish the service life of mole channels on this peat must 

be made, for in practice the cost of mol ing to the farmer is offset by increase 

returns from the drained area for the number of years the mole channels are 

functional. 

Since the main improvement of surface was due to the vertical cracks which 

formed over the mole channels and since peat permeabil ity decreases with drain

age,there may be a case for future experiments with high intensity sI it drainag 

on peat soils. 

SAMMANFATTNING - Tubuleringseffekter pa en torvjord 

Har redovisas resultat fran ett tubuleringsforsok pa en torvjord i Sorsalbo, 

U-lan, utlagt 1983. Laboratorie- och faltundersokningar utfordes for att be

stamma nagra viktiga markfysikal iska egenskaper och samband hos torvjord. 

Syftet med undersokningen var att uppskatta draneringsteknikens effektivitet. 

Jamforelser gjordes mellan tubulering, tackdikning och odikat (oppna diken med 

50 m avstand). Forsokets upplaggning visas i fig. 1 (se bilaga). Tubuleringen 
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gjordes med 2,3 m avstand och 0,5-0,6 m djup, tubuleringsgangarna var 10 cm 

i diameter. Gangarna mynnar i oppna diken som avgransar faltet. Faltet vaster 

om det tubulerade omradet tackdikades 1979 med 2 tums plastror med 25 m av

stand och 1 m djup. Tackdikningen har aldrig fungerat tillfredsstallande. 

Provtagningen i fal t utfordes j juni 1984, en] igt fig. 2. Provtagningarna 

det tubulerade ledet gjordes 1angs 1 injerna 1, 4 och 5, det odikade ledet 

langs 1 inje 2 och i det tackdikade ledet langs 1 inje 3. falt mattes vatten-

nivaerna i de oppna dikena, grundvattennivaerna och genomslappl igheten en1 igt 

borrhalsmetoden i de 3 forsoksleden. Vattenhaltsprover togs yid punkterna a-f 

(en1. fig. 2) och cy1 inderprovtagningarna gjordes yid punkt C i forsoksleden. 

Resu1taten visas i fig. 3 och 4. 

I laboratorieundersokningarna bestamdes bl .a. humifieringsgrad, pH, kompakt

densitet, porvolym, torr skrymdensitet, krympning och genomslappl ighet. Re-

sultaten redovisas i fig. 50ch tab. 1-8 (se appendix). 

Enl igt resultaten ar tubulering en lampl Ig draneringsteknik pa denna jord. 

Draneringseffekten visas framst av att grundvattennivan i det tubu1erade ledet 

var 15 cm lagre an i de andra leden. Markbarigheten och ytforha11andena i det 

tubu1erade forsoksledet ar battre an i de andra forsoksleden. 

Denna torvjord har vissa draneringsproblem p.g.a. dess mycket laga genoms1app-

1 ighet. Det var omojl igt att mata genoms1appl igheten i faIt enl igt borrhals

metoden, forutom i tva fall, pa grund av att vattenrorelserna var for lang

samma. Profi1en har ett skikt laghumifierat material pa 30-50 cm djup, men 

detta har ingen avgorande betydelse for genomslappl igheten. 

! det tubulerade ledet hade det bildats sprickor over tubuleringsgangarna och 

det har lett till att nederborden nadde dikena snabbt trots den laga genom

slappl igheten. Det har visat sig att matning av genomslappl ighet pa labora

toriet ar en olamp1 ig metod for torvjordar. Det gar ofta inte att undvika 

krympning av jorden cy] indern, ett mellanrum uppstar mellan cy] indervaggen 

och jordpelaren och de k-varden som uppmats bl ir icke representativa. I andra 

fall (t.ex. linje 1) tar cylinderproven ingen hansyn till de vertikala spric

korna som finns och k-vardena bl ir for laga. 

En metod att mata infiltration i faIt och att mata effekterna av nederborden 

pa grundvattennivan yore lamp] igare for att bedoma draneringseffekter pa torv

jardar. Problem uppstar nar man forsoker appl icera den vanl iga markfysikal isk2 

undersokningsmetadiken (som har utvecklats for mineraljordar) till torvjordar. 

Problem orsakas ay: a) den laga skrymdensiteten, som has torvjordar gor att 
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den van1 iga foreskrivna mangden 10 9 inte ryms i behal1aren i kompaktdensitet· 

och glodningsforlustundersokningar, b) krympningen, speciellt den permanenta 

krympningen som orsakas av att 1 ignin oxideras och producerar kl ibbiga bipro

dukter (Puustjarvi, 1982). Denna process forekommer naturl igt i dranerade 

torvjordar och visar sig som okad torr skrymdensitet och minskad krympning 

av torven (jamfor 1 i nj el, tabe 11 loch 4). 

Materialforluster genom oxidation av organiskt material till CO
2 

och vatten 

sker ganska snabbt, speciel1t i ren vitmosstorv (Puustjarvi, 1982). 

Tubulering har visat sig vara en effektiv draneringsteknik i det undersokta 

omradet. Det behovs fortsatta studier for att bestamma 1 ivslangden hos tubu

leringsgangarna, eftersom detta ar mycket avgorande for tubuleringens lon

samhet. 

De vertikala sprickorna over tubuleringsgangarna ar betydelsefulla for drane

ringseffekten. En teknik som bor undersokas ar 51 itsdranering pa torvjordar 

i samband med annan dranering. 
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Table 1. Water content (vol. %) , dry bulk density and density of sol ids at 
10 cm intervals, lines 1 , 2, 3. 

Level Water content, Dry bulk density Density of sol ids 
(cm) (vo I. %) (g/cm3) 

2 3 2 3 2 3 

0-10 54.7 49.6 62.1 0.38 0.31 0.28 1.60 1. 51 1. 50 

10-20 61.8 64.5 63.6 0.43 0.30 0.34 1.54 1.46 1. 55 

20-30 62.1 67.6 75.4 0.41 0.33 0.19 1.65 1.44 1.42 

30-40 69.4 71.0 75.9 0.36 0.21 o. 18 1.49 1.45 1. 50 

40-50 61.2 76.7 84.5 0.36 0.14 0.19 1. 71 1. 47 1.49 

50-60 66.9 85.3 84. 1 0.33 0.21 0.20 1. 79 1.69 1. 74 

60-70 90.8 87.0 84.6 0.23 0.20 0.24 1.91 1.62 1. 76 

70-80 86.8 97.9 91.7 0.23 0.17 0.23 1.92 1. 72 2.07 

Table 2. Void rat io (e) and porosity (f, %) at 10 cm intervals, 
1 ines 1 , 2, 3. 

Level 1 j ne 1 line 2 1 ine 3 
(cm) e f (%) e f (%) e f (%) 

0-10 3. 17 76.0 3.59 78.3 3.96 79.8 

10-20 2.59 72.1 3.53 78.2 3.35 77 .0 

20-30 2.81 73 .6 3.50 77.8 6. 18 86.1 

30-40 3.59 78. 1 5.93 85.6 6.76 87.1 

40-50 3.25 76.4 8.70 89.7 6.88 87.3 

50-60 4.29 81.9 7.21 87.9 7.59 88.4 

60-70 7.89 88.8 7.31 88.0 6.41 86.5 
70-80 7.41 88. 1 7. 18 90.2 8.92 89.9 



Table 3. Degree of saturation (s, %) and air-filled porosity (f , %) at 
10 cm intervals, 1 i nes 1, 2, 3. a 

Level Deg ree of saturation (%) Air-filled porosity (%) 
(cm) 2 3 2 3 

0-10 69 61 78 23 30 18 

10-20 85 85 84 1 1 12 12 

20-30 83 87 88 13 10 11 

30-40 89 91 90 8 8 9 

40-50 80 88 92 15 11 7 

50-60 90 93 94 8 6 5 

60-70 92 98 97 7 2 2 

70-80 99 96 95 3 3 

Table 4. Shrinkage after drying, reduction in sample volume (E , %) 
10 cm intervals, lines 1, 2, 3. 

v at 

Level 1 i ne 1 1 ine 2 1 ine 3 (cm) 

0-10 69.3 76.0 76.1 

10-20 65.9 78.0 74.5 

20-30 70.9 76.1 80.3 

30-40 76.2 78.0 77 .3 

40-50 76.4 85.8 84.9 

50-60 82.0 87.5 86.0 

60-70 84.3 87.4 86.9 

70-80 83.8 89.9 87.4 



Table 5. pH values at 10 cm intervals, lines 1 , 2, 3. 

Level 1 i ne 1 1 i ne 2 line 3 (cm) 

0-10 5.5 5.5 5.3 
10-20 5.5 5.5 5.3 

20-30 5.6 5.6 5.4 

30-40 5.6 5.6 5.4 

40-50 5.6 5.5 5.5 

50-60 5.6 5.5 5.5 

60-70 5.6 5.7 5.7 

70-80 5.7 5.7 5.7 

Table 6. Loss on ignition (% dry matter) of peat at 
10 cm intervals, 1 i nes 1 , 2, 3. 

Level 1 i ne 1 1 i ne 2 1 ine 3 (cm) 

0-'10 71.4 75.2 78.6 

10-20 58.8 67.6 72.6 

20-30 56.6 68.6 81.2 

30-40 70.0 74.3 75.8 

40-50 74.2 87.0 64.6 

50-60 60.4 62.6 47.0 

60-70 35.0 44.6 34.6 

70-80 30.2 45.8 33.8 



Table 7. Hydraul ic conductivity (k-valuesl~ cm/hour) after 1 hour (k
1

) and 
after 24 hours (k 2) in 10 cm intervals, lines 1, 2, 3. 

Level 
(cm) 

0-10 

10-20 

20-30 

30-40 

40-50 

50-60 

60-70 

70-80 

4.68 
13 .20 
3.36 

2.73 
1.85 
1. 22 

0.39 
0.99 
o. 14 

2.57 
0.84 
1. 70 

2.40 
0.60 
2. 11 

0.00 
0.00 
0.00 

0.84 
0.79 
0.50 

0.00 
0.00 
0.00 

I i ne 1 

5.01 
11 .04 
5.08 

2.40 
3.64 
0.84 

0.39 
0.22 
0.39 

2.26 
0.76 
2.53 

3.46 
0.60 
3.04 

0.00 
0.08 
0.00 

o. 16 
0.22 
0.09 

0.00 
0.00 
0.00 

23.76 
2.64 

29.40 

0.24 
0.96 
1. 50 

1.32 
0.90 
1.62 

0.04 
5.76 
0.04 

7.32 
0.42 
2.34 

6.54 
4.92 

10.80 

2.82 
o. 18 
1.92 

0.60 
0.04 
1.92 

1 ine 2 

27.60 
1. 08 

23.04 

0.24 
2.34 
2.52 

2.82 
1. 20 
1.86 

0.04 
5.56 
0.06 

10.26 
0.54 
3.48 

6.12 
0.96 
5.28 

0.90 
4.32 
2.16 

1. 14 
0.24 
4.32 

8.70 
3.60 
6.66 

3.48 
7.08 
3.12 

1.56 
1. 50 
1.28 

7.38 
4.14 
1. 26 

12. 12 
14.88 
6.00 

2.64 
0.08 
2.04 

1. 50 
0.00 
1. 14 

0.24 
2.16 
2.52 

5.40 
2.64 
8.63 

2.94 
10.02 
7.26 

6. 18 
4.92 
3.66 

19.00 
14.10 
5.88 

15.60 
18.96 
7.50 

9.30 
0.06 
4.32 

1.38 
0.00 
3.34 

2.99 
1.38 
1. 14 

1) 
k-values were calculated from measurements of water volume and time by an 
appl ication of Darcy1s law 

k=lx.l.xg 
A h t 

where k = hydraul ic conductivity (cm/hour), Q = volume of water which passes 
through the sample (cm3), A = cross-sectional area of the sample (cm2) , t = 
time (minutes), h = height of head in the apparatus (cm) and 1 = length of 
sample (cm). Since we know A = 40.7 cm2 and h = 1 = 10 cm, the equation be-
comes 

k = 1/40.7 x 1 x g = 0 02 g (cm/min) t . t 



Table 8. Degree of humification (von Post scale) at 
10 cm intervals, lines 1, 2, 3. 

Level 
(cm) 

0-10 

10-20 

20-30 

30-40 

40-50 

50-60 

60-70 

70-80 

1 i ne 1 

H4 

H3 

H3 

H2-H3 

H2 

H51) 

H5 

H6 

line 2 

H4 

H3 

H3 

H2 

H2 

H5 

H5 

H6 

1 ine 3 

H3 

H3 

H3 

H3 

H4 

H4 

H5 

H6 

1) 
below this level, some gyttja was included in the pro-
file. Auger samples below 90-100 cm had a blue-grey 
co lour. 



Profile 

LI NE 1 

0-10 cm 

10-20 

20-30 

30-40 

40-50 

50-60 

60-70 

70-80 

LINE 2 

0-10 cm 

10-20 

20-30 

30-40 

40-50 

50-60 

60-70 

70-80 

LINE 3 

0-10 cm 

10-20 

20-30 

30-40 

40-50 

50-60 

60-70 

70-80 

description of peats from lines 1, 2, and 3 

peat resembles dry, black crumbs with some small fragments of woody 
material present 

black, dryish crumbs, some fine roots and wood fragments present 

brownish peat containing much poorly decomposed plant stems, roots 
and woody fragments 

sol id, brownish black mass which flakes apart in layers to show in
clusions of wood fragments and reed remains 

layer of poorly humified material consisting of wads of fibrous plan 
material such as reeds and roots. Yellowish colour, wetter 

brownish black, homogenous, well humified and with inclusion of gytt 

brown, homogenous, I ighter in feel, gyttja present 

wet, smooth, brown, well humified peat with a high proportion of gyt 

fine crumbs, hard, black, some fine roots 

coarser crumbs, black, woody fragments present 

black, less well humified with plant material present, many fine 
roots and wood fragments present 

black, much larger crumbs, high proportion of wood fragments and reel
debr i s 

brownish-yel low wads of humified material 

brownish black sol id mass, flakes apart to show layers, gyttja presel 

wet, homogenous mass of brown peat with some gyttja present 

brown, very wet paste-l ike mass, gyttja inclusion 

much dense root material, black peat crumbs with wood fragments preSE 

very hard, black crumbs in a matrix of roots and fibres 

crumbs as above, large unhumified fragments present 

black, wet mass with much unhumified plant material present 

brownish wet mass, somewhat humified reed and root remains present 

brown, soft wet mass witil some gyttja present 

1 ight brown material, gyttja present 

as above 
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