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I. Abstract

Specimens from the surface horizon and the subsoil of 62 soil
horizons in Hedmark and Oppland were investigated to study how the
mechanical composition of the soil, the organic matter content and the bulk
density affect their porosity and air capacity and their total and available
water content,

Most of the s;;cimens beleuged to the loam group, and a smaller number
was from sandy and silty types of soil.

Equations have been established to make it possible to calculate the
wvater retention curves and the amount of available water from the above-
wentioned parameters. As a rule errors derived from the equations are no
greater than those which are found in similar research in other countries.
IT. Introduction

It is important to know which factors affect the water-retaining
properties of the soil and other properties in order to be able to

develop other methods to characterize soil, rather than the extremely time-

consuming retention curve determination. Equations have been established



for these properties with other physical soil parameters in a number of
countries [1, 4, 7, 15, 16, 17, 18, 21 and 23], which can provide
valuable scolutions in this respect. If reliable results are needed, one
is also compelled to investigate the soil in the area where the equations
are intended to be used, because the water-retaining properties of the soil
can be affected by local conditions, such as the deposition pattern,
the mineralogy, the climate and the drainage pattern. In Norway some
results have been published for relatively limited areas [2. 3], but
there is little published material for large parts of Ostland. This
report is based on material collected mainly in Hedmark and Oppland.
The laboratory work was performed by the professionalasslstant Helge Olsen.
III. Methodology
A. Sampling Sites

The majority of the specimens are frow morainic deposits, but
some are of a different deposition type (fluvioglacial and marine
deposits). A comp;rison of Figure 1, which shows the distribution of
the specimens in texture triangles, with similar figures composed by
Nios ahd Sveistrup [14] indicates that the material is quite precise
for morainic deposits at Ostland, and also partially for silty and
sandy soil at Romerike and in Sor-Osterdal, but is less representative
for clay areas in Akershus and Ostfold.

The specimens were taken from two strata (0-15 cm and 25-50 cm)
from 62 profiles and are here designated as surface horizon and subsoil
specimens. Steel cylinders with an internal diameter of 58 mm and a
height of 38 mmwere used to take solid specimens. They were taken in
the autumn, mainly from grain fields which were plowed in autumn the
year before. A smaller number were from potato fields before harvesting.
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Figure 1. Distribution of samples in relation to mechanical composition
on weight basis of material under 2 mm.
Key: 1-Surface horizon, 2-Subsoil, 3-Extreme1y stiff clay, 4-Clay,
5-Stiff clay, 6-Sandy medium clay, 7-Medium clay, 8-Silty medium clay,
9-Sandy light clay; 10-Light clay, 11-Silty light clay, 12-Silty sand,
13-Sandy silt
Each analysis number is based on three repetitions.
B. Laboratory Analyses

After saturation with water, the water content of the specimen
was measured at 0.02, 0.1, 1.0 and 15 bars (respectively approximately
pF 1.3, 2.0, 3.0 and 4.2). The entire cylinder specimens were used in
pressure plate equipment in the first three levels, and circles with
sieved material less than 2 mmwere used in pressure membrane equipment
at 15 bars. The bulk density was determined after drying the cylinder
specimens at 105° C. The water content was expressed on a volume basis

]
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and the porosity (total pore volume), air capacity (air-filled pores at
0.1 bar), specific weight and available water were computed., Petersen
et al. [15. ve proposed that the water content for soil rich in gravel
and stone ° exprcessed on the basis of the volume of fine material,
but this requires a knowledge of the special volume weights of the
fractions, which is very difficult to determine for gravel mixed with fine
s0il. Instead the values for the water content at 15 barswere corrected
for gravel content according to the formula:
Percentage of water in sieved material * (100 weight percentage of
gravel in the entire specimen).

Here it is assumed that there would not be any water in direct
coatact with the gravel at 15 bar. In the lack of pycnometer determinations
for specific weight, the percentage of water at full saturation was used
to express the poroiity, something which could have entailed an under-
estimate in some cases. Mechanical analysis of the fine material was
perf. rmed by siftiﬁg and hydrometer methods [12], and the glow loss was
determined after tyo hours at 550° C.
C. Further Calculations and Statistical Analyses

The seven initial particle size groups used are the same as in
Atterberg's classification. In addition an attempt at grouping was made
according to other informatic . and some lesser used classification systems,
altogether 23 groups (Figure 2)., This produced an approximation to the USDA
case, since silt-sand limits of 0.06 mm were used instead of 0.05 wm, and
to the Wentworth case, where the clay-silt limit of 0.006 was used instead

of 0,004 mm.
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Figure 2. Different systems »f mechanical analysis classification.

(GB = Soil Survey of Great Britain)

(USDA = United States Department of Agriculture)

(ISSS = International Society of Soil Science)
Key: l-Particle size, 2-Clay, 3-Fine silt, 4-Medium silt, 5-Coarse silt
6-Fine sand, 7-Intermediate sand, 8~C§arse sand, 9-Gravel, 10-Other

tested limits

On the basis of this large gravel content in many of the specimens,
the tables for mechanical analysis were cowrited in two ways. First the
fine material (under 2 mm) was expressed in the usual way, as a mutual
weight percentage with the gravel content as a percentage of the entire
specimen. Afterwards the fine material was also expressed as a percentage
of the entire specimen. Here consideration had to be given to the organic
matter content of the specimen, since the fine material was orginally
expressed as a weight percentage of the mineral material alone. This
took into account possible unoxidized organic material which can slightly
distort these values because its light specific weight makes little
impression on the hydrometer in comparison to, for example, clay. The
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glow loss, cprrected for clay content after ¥keberg (personal
communication) and Lag [10), was used as an expreasion of organic
matter content:

Organic matter (1) = glow loss - (1 + (0.05 ¢+ clay))

This is the weight percentage of all material under 2 mm, so that
another correction was unecessary in order to obtain the organic matter
content as a weight percentage of the entire specimen:
0¥ganic matter (2) = organic matter (1) . (100 - gravel)/100

Then the corrected values for the fine material could be
calculated as a weight percentage of the entire specimen:

Fine material (2) = fine material (1) . (100 - organic matter (2) -
gravel) /100

Other calculations were made with both sets of data. A simple
correlation was made and a ''gradual advance' multiple regression
with selected variables. Calculatioﬁs were made for the surface
horizon and the s;bsoil individually and together. The choice of a
collective or indiyidual equation depends partially on which independent
variables are involved and partially on the relative error from the
equations. In particular we should be careful in using a collective
equation with variables, if the means are not alike in the surface
horizon and the subsoil, if they do not occur in both individual
equations with the same sign and coefficients of like value.

The distribution of the values of the parameters are shown in
Table 1. There was little differerce vetween the surfrce horizon and
the subsoil specimcus in mechanical composition, air capacity and
readily available water, but there were significant differences in the
organic matter content, volume weight, poroasity, strongly-held and

rotal available water and the slopes of the water retention curves.

. 6
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Table 1. Distribution of the Analyzed Parameter Valuct

. { Matjord | K. ndérgrunn I F A ‘B samiet C i
Parameter —— - e aift. BI‘M( ﬁlk;—
| Midde H BA ﬂ Miidel | sa Middel | 8
APEUTTTT as a1 17 124 3a8 = 101 -3 w0
b oronmnd 201 123 P11 130 ias2  — .1 305 103 6 0
2,6 Y © 20 107 B TR me 03 88 ¢
173 108 V167 124 200 -~ 10 118 . T 64 0
128 81 129 64 1,08 - 12,8 8.7 0 .0
72 34 68 0.63 - 68 A5 o
12 8.9 . 91 6N ERRT -~ 10,1 Y a1 0
181 138 210 183 201 - - 188 103 673 0
Mo, 538 3 178 -98 0,48 soe - 358 822 110
w : : 019 111 - 078
VOMVERE « . .eeenneins 128 011 110 019 0,03 oee 132 ) o
/6 Spesttivk vekt ... XY S 2,60 — - .- .aB 0 3. 20
P YT % U S 7 M
4 Poromftet . ... .............. 50,3 6,75 1w 8,9 l._u o , b
[f Luttinnhold wed 0, bar ., 18K W4 - 208 683 135 — ., 284 7.0 ¥ oo
- 002 bar.. 307 665 133 101 153 see’ 368 91 o5 99
’i Vanuianhold ved 01 » .. 35 77 251 108 169 - * 7 286 Y 51 60
> ' 3 10 » .. 256 130 181 . 91 - 148 e 222 D 4d .0
> 215 » .. 835 340 572 M 0.44 2 7,03 X w03
Ao Lot wigenpicvamn . 802 Az ou w88 o0 QR 81 5 )
o . MY n""n :Q»'-: an M0 KX 8.0 ol

& l-‘tnmntvru\k! (< 2mm) er veklpmenl nv minera! mu(eﬂalol eller Murb«m lknm

Moldinnhold er vektprosent av alt materinde under 2 mn.
Grusinnhold ar vekiproaent av hele proven

1‘ Luft- op vanninnhold or volumprosent av hete proven,

Key: 1-Surface horizon, 2-Subsoil, 3—Combined horizons, 4-Mean, 5-Maximum,
6-Coarse sand, 7-Medium sand, 8-Fine sand, 9-Coarse silt, 10-Medium silt,
11-Fine silt, 12-Clay, 13-Gravel, 14-Organic matter, 15-Bulk density,
16-Specific weight; 17-Porosity, 18-Air content a: 0.1 bar, 19-Water
content at 0,02 bar, 20-Readily available water, 21-Strongly-held
availane water, Zé;Total available water, 23-Fine material (< 2mm) is
weight percentage of mineral material, according tc Atterberg's
classification. 2%-Organic matter content is weight percentage of all
material under 2mm. 25-Gravel content is weight percentage of entire

specimén., 26-Air and water content are volume percentage of entire

specimen.

IV. Results

Simple correlation coeffi~ients between the dependent variables
studied and mechanical analysis, organic matter content and bulk density
are not given here because of space considerations. In general there

) 7



were somevhat higher correlations when the mechanical compogsition of

the 871l was calculated as a weight percentage of the entire lpeéimen.
Injindividunl cases it was better with other groupings of mechanical
analysis than Atterberg's classification, but as a rule the differences
were not significant. Therefore the equations were calculated according to
Atterberg's classification for most variables, but with mechanical analysis
as a weight percentage of the entire specimen, The equations for available
water, which can be presumed to be most used in practice, were calculated
according to two other additionsl classifications (ISSS and GB/USDA), and
with mechanical analysis according to both methods of calculation discussed
above. This makes it easier to compare with other published material

wvhere the mechanical composition is often given as a weight percentage

of the fine material., In the tables the equations are presented with
variables in order of their contribution to the variation expounded, and
all are significant at p = 0.05.

A. Porosity, Air Capacity and Total Water Content

The correlations between water content and the different ring
sizes were dependegt on pressure. At 0.02 bars there were strong negative
effects from gravel and coarse sand (0.6-2 mm), but as pressure increased
the coarse grain effect dimirished and the fine grain material effect
increased. In view of the hi_;h negative correlation between porosity and
bulk density , only the latter was used as an independent variable.

The equations (Table 2) show a negative effect from increased bulk
density on porosity and air capacity in both strata, along with a positive
effect on water content &t 0.1, 1.0 and 15 bars in the surface horizon.
Larger coefficients at 0.1 and 1.0 bars than at 0.02 and 15 >ars

indicate that the pores in the interval of 0.2-160 ym were affected

8
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Table 2. Regression Equations for Soil Porosity, Water and Air
Capacities (X).
! Vertaval | .,mﬂ F Lipnng |ne sy
Pores. .f' Matsord = 98,9 — 31,3 V. VKT. s 317
tet & Undergr. =81, — 25,7 V. VKT. 4 0,29 G. BILT 5 e
# Samiet \'-n,: 33,0 V. VKT 4 0,17 G. 8ILT 8 3%
£ Matjora  Y=203 4 1,3 MOLD + 018 G.SILT +
§ Vamn 0,19 F. SAND -- 0,16 GRUS ™ A%
ved AUndergr. Y =485 032GRUS — 057 G. BAND.-
0,02 0,17 M. 8AND -+ 1,1 MOLD . 30
Foamiet  Yz=442~032GAUS - 1.2 MOLD - -
3 0,44 O. SAND — 0,12 M. SAND FYRrY!
8 Matjord  Y=-—4,61 + 30 MOLD + 0,33 G. SILT
. Vann + 142V, VKT + 0,46 M. SILT 0 387
7 vod (4 Usndergr. Y:==-—8,13 4+ 063G BILT + 1LO0LEIR + 11 MOLD 89 366
- 0,1 bar ’lunlet Y == ~—0,445 + 0,87 G.BILT -+ 082 LEIR
+ L1MOLD + 8.2V, VKT — 0,060 GRUS % 347
& Matjord  Y=~1232 + 1,9 MOLD - 0,37 G. SILT
ann ¥ 167V, VKT + 082 LEIR ¢ 388
[0 ved bUndergr. Y=—808 + 12LEIR + 031 G.SILT + 1.0 MOLD 08 3.8
10ber flamiet  P=—097 4+ OMLEIR + 0,39 G SILT
+ 18 MOLD + 10,7 V.VKT | n 307
Vann 5 Matjord Y =— 3,61 + 0,87 MOLD + 0.26 LEIR 4 4.7V.VKT 79 1.60
Ul ves Undergr. Y= 185+ 030LEIR + 0,33 MOLD 8 1
1Bbar @Bamiet r:-cu+o:nmx«ownmm
+ €5 V. VK1. + 0,036 G. HILT 5 145
& Matjord  Y==103,5~ 49,9 V. VKT. 1.6 3IOLD — 0.29 G. SILT _
‘ Lutt — 0,42 M. SILT — 0,45 LETR — 0,14 F. BAND 87 3,10
, ved ‘ Undergr: Y==1786— 318\V. VKT. — 1.3F, 8ILT -- 1,5 MOLD
0.1 bar - 0,16 G SILT— 0,31 M.SILT 32 3,02
7lun|¢! Y==014—398 V. VKT, -. 1,8 MOLD — 022 LETR
--0,28G. BILT -

OM2M.BILT - 01( r.«AND 78 363

{8 O.=grov F.—middels F.=fln V.VKT = volumveht

47 Mekanisk yarive; etler Atterbergs skals.
Uavhengige variabler beregnet sum vekiprosent av hele preven.
L4 .

Key: 1-Variasble, 2-Stratum, 3-Equatica, &4-Porosity, 5-Surface horizonm,
6~Subsoil, 7-Combined horizons, 8-Water at 0.02 bar, 9-Water at 0.1 bar,
10-Water at 1.0 bar, 11-Water at 15 bar, 12-Air at 0.1 bar, 13-G=gravel,
M=Medium, F=Fine, V.VKTsbulk density, l4-Mechanical analysis according
to Atterberg's classification. 15-Independent varisbles calculated as

weight percentage of the whole upecinen.'

most by the variation in the bulk density. In the subsoil the bulk
density was more thoroughly correlated with the organic matter content
than in the surface hori~on, and showed less specific effect on pore

distribution.



The coarse silt fraction was important for water content at all
prescures up to 1.0 bar, often in both strata. The porosity was als»
aftected in a poeritive direction hy the silt content, but the total amount
of silt fractions and fine sand had a negative effect upon air capacity.
In vu.ar words it is only the number of pores of capillary size which are
increased by the silt and the fine sand content.

The wvater content seems to increase with the ~lay content at all
pressures sbove 0.1 bar. The coefficients are greater for the subsoil
than for the surface horizon. Since there was no diffe_ence in the clay
content between the strata, this may be caused by dissimilar aggregation
of clay, something rcasonably taken into consideration in the variation
in bulk density and organic matter content between them, The effect of
the clay was greater at 0.1 and 1.0 bar than at 15 bars. This tendency
was also found by Andersson and Wiklert [1] on soil with a clay content
up to, but not above, 15-20, and by Ekeberg and Njos [2]. This is
probably typical o'f s0il relatively poor in clay.

The organic iqtter content increased the water content at all
pressures in both atritl. and reduced the air capacity in both strata.
The coefficients were all greater for the surface horizon than the
subsoil, where the organic matter content was much lower. Such a
displacement of the entire retention curve with increased organic
matter content has been f~und by many authors [16, 17, 21], and
explains why the addition of organic material does not always increase
the available amount of water. Here. however, the effect of the organic
mitter Is somevhat less at 15 bars, so that we can expect the organic

matier to have an impact on svailable water.

10



The gravel content seems to reduce the water content at 0.02 bar,
and cen thus be of importance for infiltration qualities and air exchenge
vhen the soil is close to full saturation.

B. Available Water Coatent

The word available !s here usad in the sense of physically useful, with
the normal limitations which this entails with renpect to species of plants,
Tout development, etn.

As suggested by most other resesrchers [2, 4, 7, 18], the silt content
regularly had the greates: significance for available warer. In the correla-
tiocns and partislly in the equations (Table 3) coarse silt (0.02-0.06 sm)} and
fine sand (0.06-0.2 tw) exhibited the strongest influance on the smount of
readily available water, but the firer fractions were also involved with
strongly-held gvailable water. The closest correlations for total available
vater were found with groupings like Wentworth's silt (0.006-0.06 mm) and
GB/USDA silt (0.002-0.06 sm). Using such groups sskes it easier to avoid
questionable regression coefficients which can occur because ~f distr.dbution
coincidences 1n the material. In the equations (Tadle 5) the cn:fficients for
GB/USDA silt were g;tltlt for strongly-helid water than for readily available
vater. For total availsble vater they wers of the same order of msgnitude as
given by Ekeberg and Njos [2], s little higher than that calculated by
Haugbotn et al. [3] for silt soil and by Heinonen (4] for losm, and much higher
than that of Salter et al. [18, 21] from a material vhich spanned a aumbiv
of types of soil.

There was a negative relationsbip botween available water and
gravel, which camed the positive correlstions vith fine material and
organic matter to be greatsr vhere they were expressed as a weight
pavcentage of the entire specimen. Ou the c;tlur hand the coefficients
. for gravel and sand were less vith this method of computation, so that

11
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Table 3. Regression Equations for Available Water Agains* Mechanical

Analysis (Atterberg's Classification), Organic Matter and Bulk Density.

! R EAy
Lett tBgjengelig wann (0,1—1.0 bar):
. ; I Y=256+ 019G.SILT ©a 25
& Matjord ;v 330 1 019G BILT . . 46 236
. T Y=183 4 0,52G. SILT + 0,14 F. SAND ® 376
g Undergr. Qv = 0,402 + 0,20 G. SILT + 0,11 F. SAND 82 364
4 Baer 1 Y=-0,11 4 0,25 G. SILT + 0,94 F. SAND - 51 833
I Y =146 4 0,25G. SILT + 0,17 F. SAND 84 321
3’ Tyngre h‘lgicngehg taml (1,0—15 dar):
$,12.-0,26 GRUS 4 0,83 MOLD -+ 15,0 V.
Mat T 20,14 M. SAND + 0,33 A SILT 70 302
K¥sYord g y__ 1024 11MOLD + 12,5 V. VKT + 0, 1G. 8ILT
: + 040 M. SILT 671 312
1 Y =286 4 0,57 LEIR + 0,28 G. SIL'T — 0,083 GRUS
& Undergr. + 0,55 MOLD 78 303
I Y =356 + 0,26 G. SILT + 0,56 LEIR + 0,72 MOLD 18 3,05
T Y=1:4,1-—0,22M. SAND 4 087 MCLD — 0,21 F. SAND
Sarlet =018 C. SAND -+ 8.8 V. VKT — 0,17 G. SAND 71 338
X Y=< 6,90 4+ 0,38 G SILT + 1,1 MOLD + 1.7 V. VKT
4 0,36 LEIR + 0,47 F. SILT + 0,06 M. SAND 13 3,28
‘ Totalt tilgjengelig vann 70,1—235 bar):
I Y=—641—02GRUS + 0,77 MOLD + 11,0 V. VKT )
 Mat + 0,19 G. SILT — 0,15 M. SAND + 0,22 M. SILT 85 2,58
< Jord g ¥y _ 153 4 040G.SILT + 1,0 MOLD -+ 8§ V. VKT
+2034  MLSILT . 54 262
) . I Y=2891+ 055G. SILT — 0,15 GRUS + 0,39 LEIR
F Undergr. + 0,62 MOLD 323
I Y =660 + 0,61 G. SILT + 0,50 LEIR + 0.75 AfOLD 323 >

I Y=973—0,21GRUS+ 0,83 MOLD 4 0,26 G. SILT

88
88
f + 0,27 M. SILT — 0,14 M SAND + 5,7 V. VKT 86 I: Materiale under 2 mm = vektprosent mineraler under 2
Samlet g ; ’ Y22 & *
86

,  Mold = vektprosent av mold + minzruler under 2 mmn.
3,10 ) Grus — vektprosent av hele proven.
& I1: Alle fraksjcner som vektprosent av hele proven

‘c, —grov Mtmiddels F.==tin V.VKT = volumvek
3.06

IO Y=6,01+4043G. SILT < 0,8¢ MOLD + 0,32 LEIR
+ 0,27 M. SILT 4 0,088 F. SAND

Key: 1-Readily available water, 2-Surface horizon, 3-Subsoil, 4-Combined
horizons, S—Tight];}:—held available water, 6-Total available water, 7-G=gravel,
M=Medium, F=Fine, V.VKT=bulk density, 8-1: material under 2mm = weight
percentage of minerals under 2mm. 9-Organic matter = weight percentage of
organic matter plus minerals under 2mm. 10-Gravel = weight percentage of

entire specimen, 11-II: all fractions as weight percentage of entire specimen,

the best method of computation is dependent on which variables participate
in the equations.

The effects of bulk density and clay content varied with the water
fraction. In the cases where they were in the equations, they had a
negative effect on the readily available water and a positive effect on
the strongly-held water. With resvect to total avajilable water the bulk

12
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Table 4.

Regresnsion Equations for Available Water Against Mechanical

Analysis (1SSS Classificatioa), Organic Matter and Bulk Density.

. Rt BAy
§ <Lett tilgjongelig vann (0,1—1,9 bar):
ot I Y=686 4 011 F SAND —41V. VKT o 246
1 Matlord 5 Y=249 4 011 F.SAND 10 251
3 Undergr. X YT6.9% +022F.SAND —63 V. VKT 89 381
© X Y:=239 + 0,1 F. SAND — 0,074 G. SAND 61 373
Samiet I Y=526 4+ 0,17TF. SAND — 4,2 V. VKT 49 340
# I Y=-—031 + 0,15F. SAND + 0,11 SILT 51 322
j’ !‘y-m Mg}eﬂgmg cann (l,o-—-lf bor)
Y Y=351—0,23GRUS + 0,81 MOLD + 14,6 V. VKT
2 ra + 0,26 SILT — 0,10 G. SAND 69 3,08
Jord nY—‘—-uu+x.nxow+ovswr?oup SAND
_ - .. 4 ISAV.VKT 70 3,01
- 1 Y=112—0,13G.SAND + ozssm'r-.-o-u;ou) 67 3,70
3 URMeTST. 11 =446 + 047 SILT 4 1,0 MOLD € 377
7 Y= 188 027 G. SAND + 0,83 MOLD — 9,15 GRUS .
Samiet —014F.SAND + 69V.VKT . - 87 359
f i nr—-xoo+1,z\:ow+ours,\:m 031 SILT .
. v--j‘-n . +IN.VET + D3LER. - -89 -349 .
( To!alt hly;mgcug vann (9,1 15 Lur ,e
. 1 Y=:189-0,26 G. SAND — ozacnvs+osouow
ol Matjord + 9,1 V. VKT 76 320
: IO ¥=—198025G. smo.-oz.cnvs-a»o‘s\:ow
: + 89V.VKT - 79 301
i+ - 1 Y=47.0-034G. SAND —11,5 V. VKT 82 3,87
J Undergr. M Y==716+020F. SAND 40,46 SILT + 0,94 MOLD
—9,16G. SAND 86 3,55
Semiet I Y= 309—-029G. SAND + 0,51 MOLD — 0.29 GRUS 79 371
n If Y=—=351+ 0,22 F. SAND + 0,51 SILT + 0,92 MOLD 82 3,45

7 G.—grov M.—middels F.=tfin V.VEKT ~=volumvekt

& 1: Materialc under 2 mm == vektprosent mineraler under 2 mm
, Mold == vcktprosent av mold + mineraler under 2 m: m.

10  Grus = vektprosent av hele preven.

A II: Alle fraksjoner som vekiprosent av hele proven.

Key: 1-Readily available water, 2-Surface horizon, 3-Subsoil, 4-Combined

horizons, 5-Tightly-held available water, 6-Total available water, 7-G=gravel,

M=Medium, F=Fine, V.VKT=bulk density, 8-1: material under 2mm = weight

percentage of minerals under 2mm. 9-Organic matter = weight percentage

of organic matter plus minerals under 2mm. 10-Gravel = weight percentage of

entire specimen. 11-II: all fractions as weight percentage of entire

specimen.

dersity had a positive effect in the surface horizon and a negative

effect in the subsoil (Table 4), but played a lower role in the

material from combined horizons.

in the packing of the two groups.

This reflects essentinl differences

Nor can anything be concluded about

the "ideal" bulk density from the two mean values, since the organic

. matter content also varies between the groups.

13
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Table 5. Regression Equations for Available Water Against Mechanical

Analvsis (GB/USDA Classification), Organic Matter and Bulk Density.

Rt SAy
| Lett tilgjeno-tio + inm (a.1-- 1,0 bar)
-
4 [ Y :=4,41+ 0,118ILT - 0,22 LEIR 42 2,48
R Matord ¢ 75T QresiT 023N G 240
3 Cuderz I Y471 - 3,1BSILT - O0STLEIR 0,064 GRUS : 61 3,72
eTer  moy 2,80, 0278ILT 039 LEIR 62 3,71
Samlet I Y451 -~ 01538107 -028 LEIR - 0,045 SRUS 52 3,32
4‘ I ¥=:338- 018 SILT - - 0,52 LEIR 83 3,25
grylyre tilgjengelig vamn 720 15 bar::
1Y=-. 163 + 0,2281.T + 092 MOLD 0.20GRUS
& Matjord + 14,1V VKT 65 3,03
O Y==--105 +- 026 Si1.T 11MOLD  122V.VH] 68 3,03
1 ¥Y==222 .01>SAND -~ 0,090 GRUS + 0,57 MOLD
B Undergr. - 01¥LEIR 77 315
. U Y==355+ 0,19 SILT + 044 LEIR + 0,75 MOLD 16 3,20
1 Y =148 —021 BAND < 0,88 MOLD — 0,16 GRUS :
Sarilet + 85 V. VKT , 71 336
# I Y=:—121 + 0,27 SILT + 1,2 MOLD + 0,35 LER
484V VKT 20,055 SAND 72 3.33
‘ Totalt tilgjengelig vann 16,0—13 bar,-
I Y=--206+ 021SILT -- 9,23 GRUS 4 0,75 MOLD
+ 111 V. VKT 82 254
R Matiord ;v T g6r Y 0AISILT ¢ 10MOLD + 03V, VKT
+ 0,078 SAND 84 2,58 : -
4 Unde 1Y=86684 036SILT 0,15GRUS - 0,63 MOLD 87 334 ¥ V.VET=volumvekt.
rEr- I Y:=642 + 0415ILT 086 MOLD 87 3.40 € I: Materiale under 2 ram == vektprosent nineraler under 2 mr
. I Y :=:3,26 4 0,34 SILT - 0.20 GRUS -+ 0,74 MOLD Mold =: vektproscnt av mold < mineraler under 2 mm.
' 4 8514 V. VKT 85 3,1¢ Grus = vekiprosent av hele proven.
f Samlet 11 Y — 294 - 0,36 SILT -+ 0,86 MOLD —- 0,070 GRUS ) 4/ 113 Alle fraksjoner som vektproscnt av hele proven.
’ . + 3,7 V.VKY 85 3,16

Key: 1-Readily available water, 2-Surface horizon, 3-Subsoil, 4-Combined
horizons, 5-Tight1‘y-he1d available water, 6-Total available water,
7-V.VKT = bulk den@ity, 8-1: material under 2mm = weight percentage of
minerals unde. 2mm. 9-Organic matter = weight percentage of organic
matter pl . .aerals under 2mm. 10-Gravel = weight percentage of

entire specimen. 11-II: all fractions as weight percentage of entire

specimen.

practical interest is that perhaps it is easier to damage the subsoil than
the surface horizon by packing (i.e., when ground is flattened).

There are positive coefficients for the organic matter content in
almost all equations for tightly-held and total available water, often in

both the surface horizon and the subsoil, b;xt without affect on readily

14



available wate:, The coefficients are large in comparison to those for
mineral fractions, but it must be emphasized here that this is due to che
larger amounts of organic matter because of their low specific weight.
Since we must usually deal with the addition of at least five times as
much uncorverted material (plus all the water this contains) as what
remains in humus [22], the importance of the coefficients seems to diminish.
Likewise the effect of organic material is of importance because such
material is relatively easy to obtain in practice. The literature presents
regression coefficients between organic matter and available water with
a spread from 0 to 1.2, and many have indicated variations with the type
of soil. Jamison [6] found improvements in available water only on
soil with coarse grains, while Heinonen [4]) found a relationship between
clay and silt soil but not with sand soil. Salter et al. [19, 20]
found a greater effect on sand soil than silt soil, and Petersen et al.
[15] also found only a small effect on silt soil. The action of the
organic material has also been assumed to depend on the type of soil.
This lerds to aggrggations of clay soil [7] and affects sandstone by
virtue-of 1its own water-containing properties [9]. Even if the
regression coefficients in this material were as high as many of those
given in other places, there would be relatively POOr correlation
coefficients for organic matter. This indicates that this could be a
matter of interrelationship with the type of soil, especially since silt
soil specimens with their high available water capacity had a lower
organic matter content than morainic soil specimens.

The material was not sufficient for an evaluation of each type of
soil individually, but the 32 surface horizon and the 24 subsoil specimens
in the loam class, with a clay content from 10 to 20 percent and silt
. content from 25 to 40 percent, provided a basis for evaluating the moreinic

15



g80il individually in each case. For atrongly-held and total available
water, Table 6 shows little change in the coefrficients for organic matter
in the surface horizon, but much higher values in the subsoil for loam
specimens alone. This indicates advantages in deeper organic matter
mixture in loam. The silt content is atill of importance, but is
probably less important in the equations than organic matter, because
its distribution is limited. Readily available water also has a
positive, but small, effect from organic matter content, this time in
the surface horizon. Finally, it should be stated that since both
water conduction properties and root development deviate greatly with
diminishing water content in the soil [5,8], while the organic content
in all cases increases the total water-holding properties of the earth
and the proportion of conducting pores of high suction, perhaps the
organic matter content has a greater effect on biologically useful
water than on mere physically useful water. This also implies fortunate
results on the albedo of the soil and its aggregate stability,
Moreover the fert{lizer activity of applied organic material can reduce
the w;ter consumption because of dryness [13]. We can mention as a
drawback the fact that soil with a high organic matter content makes it
more difficult for plants to use precipitation which falls in light showers
when the earth is dry, because the water can be bound too tightly. Worse
moistening properties with increased organic matter content have also been
recorded [17].
V. Conclusions

The equations presented in Table 2 can be used to design retention
curves within the area which the material covers (Table 1). The
standard errors were not the same for the entire curve, and increased in

16
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Table 6. Regression Equations for Available Water Calculated from
Morainic Loam Samples Oniy, in Relation to Mechanical Analysis

(GB/USDA Classification), Organic Matter and Bulk Density.

R SA

b Lett tilgjengelig vann (0,1—1,0 bar). Y
& Matjord Y :==4,07 4 0,17 MOLD 13 111
S Undergr. Y =-6,72— 0,078 GRUS 37 131
f Bamlet Y = 6,18 — 0,058 GRUS . 22 1,22
‘T‘mgrc tilgjeng=lig vann (1,0—18 bar):
& Matjord Y =--13,3 4 13,7 V. VKT + 089 MOLD + 0,31 SIL.T 61 2,33
J Undergr. Y==-"13,1+ 23MOLD + 0,34 SILT + 10,2 V. VKT % 1.%8
f Samlet Y =928 + 1, MOLD + 0,35 SILT = 8,8 V. VKT 568 248
( Totalt tilgjengcelio vann (0315 bar):

Matjord Y ==---8,71 + 0,98 MOLD + 0,32 8ILT 4+ 9,6 V. VKT 57 2,42
§ Undergr. Y =644 4+ 1,7MOLD + 0,37 SILT 73 2,34
’ Samlet Y =788 4+ 1,0 MOLD + 0,36 SILT 56 2,70

, V. VKT = volumvekt. L
' Allc vavhengige variabler er bereg'nr! som vektpmsent ‘av hele proven.

1 Midler og 8A av variablene for lettleire prevere alene:

R Matjord (n:=32) bndergrur'\ (n== 24)

Prmidaet | sA flgnlddel sa

M Lett tilgjengeliz varn ... ... ... 455 117 449 1,61
M Tyngre tiigjengeligvann ... ... ..... 16,1 8,563 14,1 2,55
124 Totl.lt ulgjongeliv vann . .............. 20,9 3,49 189 4,35
............................. . 10,1 2,40 9,1 2.29

Sllt .............. E e 231 5,20 24,1 5,42
Sand ......... ... L ool 38,5 6,20 26,7 6,61
MNold .. 4,62 2,53 1,83 1,59
BIUS L.l 23,7 9,714 24,3 12,4
'7 Volumvem. ........................... 1,32 0,16 1,45 0,:7

Key: 1-Readily av;ilable water, 2-Surface horizons, 3-Subsoil, 4-Combined
horizouns, 5-Tight1y;he1d available water, 6-Total available water,
7-V.VKT=volume weight, 8-All independent variables are calculated as
weight percentage of the entire specimen. 9-Means and SA [standard error]
of variables for light clay specimens alone: 10-Mean, ll-Readily

available water, 12-Tightly-held available water, 13-Total available

water, l4-Clay, 15-Organic matter, 16-Gravel, 17-Bulk density

relation to the mean value of the water content with increasing suction
(Figure 3), because of the greater variation at low saturation. In
contrast to this, the equations for readily available water explain
variations less than the equations for stroﬁgly—held and total available
water. This is presumably due to the fact that the distribution of the
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Figure 3. Moisture retention curves calculated for various soil

textures.
Key: 1-Surface horizon, 2-Subsoil, 3-Water content (volume percentage),

a-Loamy sand, b-Sandy silt loam, c-Silty loam

pores which contain readily available water is more affected by factors
like aggregate size than is the case for pores with strongly-held
available water (11).

The equations for total available water appear especially promising,
with R2 between 0.8 and 0.9, compared to the published results where
R2 is seldom above '‘0.7. However, a better expression for the accuracy
of thé equations is the standard error in determining the dependent
variables (SAy). The best equation of Salter and Williams [21] had
a SAy of 15.2 % on the average for total available water, compared
to 11.2, 16.5 and 14.4 percent respectively for the surface horizon,
the subsoil and all tests together, calculated according to the best
equations. The general dispersion of measured and calculated values
is shown in Figure 4 for the combined equa .ion.

The material of Ekeberg and Ngos‘had SAy values more than 20%

of the average while the SAy values were frequently under 10X for

18
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Figure 4. Estimated versus observed total available water capacity
(using equation for combined horizons, mechanical analysis after
Atterbérg on whole sample weight basis).

Kay: 1-Calculated available water, 2-Surface horizon, 3-Subsoil,

4-SAy = standard error ; 5 - observed available water ()

the equations of Heinonen [4], which were calculated for each type of

soil individually. In this material the errors for readily and for
strongly-held available water were considerably lower in the equations for
lecam alone than in those for the entire material, but only the subsoil
equation was particularly improved for the total available water

(SAy = 12.4 Z of average). The errors were generally less for equations
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Figure 5. Standard errors of the predicted function at different levels
of the variables in equations for total available water, with mechanical
analysis after the GB/USDA classification.
Key: 1-Error (perc;ntage water), 2-Subsoil, 3-Gravel, 4-Organic matter
with each type of soil separate, and this is to be recommended.

In the equations for available water the ISSS classification gave
the poorest results, while the other two had similar values. Of these
it is still safest to use the GB/USDA classification, since with Atterberg's
classification it 1is possible that the smaller silt fractions are only
slightly represented becavse of the high correlation with coarse silt.

In such a case the available water could be.underestimated in soil with more

fine or medium silt than coarse silt.
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The curves are plotted with the X axis scaled to the reasonable

values,

deviation of the involved variable, so that the slopes can be directly
compared,

The most conspicuous fact is that, while the errors do zn>t change much
with very large variations in the organic content and the gravel content,
they are decidedly worse with variations in silt content and bulk
density.

Theref.re the most uncertain results can be expected from sand

and silt type soils and soil with an abnormal degree of packing. It is

logical that the same pattern can be found for the other equations as

well. The ideal would probably be to develop special equations for each
type of soil.
Vi, Summary
The dependence of total soil water betler results,-&nd the size clasaifica-
content, available water fractions, air tion of the soil survey of Great Bri-
capacity and porosity upon soii me- tain and the US Dept. Agric. was con.
chanical analysis, organic matter con-"  sidered most suitable.
tent and bulk density, was studied in The equations presented accournt for
surface horizon and subsoil samples a considerable proportion (75—85 )
from 62 profiles in’ the ccunties of ~ of the variation in total a:\d strongly-
Hedmark and Oppland. The majority held available wrter, but were less
of samples were from morainic loam, effective for predicting loosely-held
with & minority from alluvial silts and available water. On the other hand
sauds, X tete] water centent was hetter pre-
Equations are presented which dicted -4t low than at high suctions.
sllow the construction of moisture Gravel and silt exerted generally more
retention curves and the direct essess-  influence on moisture properties than
. ment of availuble water capacity by organic matter and bulk density,
volume, on th> basis of the abave though the latter were also important.
parameters. Calculations were per- - Whilst in mnxt cases varinbles acted
formet ‘in relation to three com- similarly in both surface and - .Lsoil
_ monly used particie size classifica- horizons, separate equations for each
tions, and with mechanicul analysis gave better precision. Standard errors
expressed both as weight perceutages of determination for total uvailable
‘of mineral msutter under 2 mm, and water were betveen 11 and 17 ¢ of
of the whole semple. Due to the high the mean. Best prediction is possible
proportion of grave! in some samples  for loam soils.
the latter method frequently guve -
VII. Norwegian-English Key to Tables

Lett  tilgjengelig vann == Readily available 1rater (0.1—1.0 bar)
Tyngre tilgicngeliz vann =2 Strongly-held available scater (1.0—-15 bar)
Totalt tilgjengelig vann = 7Total ovailable water (0.1--15 bar)

Luft kapasitct T Adr capocity al 0.1 var
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Porositct = Purosity

L_elr_ == Clay (< 0.002 mm)

Finsilt _ == Finc &ilt (0.002-—0.006 nm)
Hellm:mh . = Medirvm silt (0.006--0.02 mm)
0_70\'3"' : . = Coarsc §ilt (0.02.-0.06 mm?
Finsand . = Fine aand (0.06—0.2 ~in:)
Mellomsand . . = Mcdiumasand (0.8—  wmm)
Qroveaud - = Coarsc aund (0.6—2.0 vim)
Grus - .. = Gravel (2--20 mm)

\Iolc! v o .. = Organic matter

Matjord ) < = .= Surface horlzon

Undergrunn = Subsoil o
Samlet = Combined hotizdus *°
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