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Cation exchange capacity (CEC) is the total capacity of a soil to hold exchangeable
cations. It influences the soil’s ability to hold onto essential nutrients and provides a
buffer against soil acidification. Organic matter has a very high CEC. Anyhow potassium
buffer power is known to be weak in other than clayey and silt soils, especially in peat,
why fertilization can cause excessive variation in plant mineral composition. Finnish soil
samples are collected mainly in autumns. That’s why they obviously reflect K buffer power
of organic soils, too. The aim of this study is to clarify regional associations of cropland K,
(estimate) CEC (Ca+Mg+K) and pH, in organic (org) and mineral soils (min), groundwater
(gw) silicon (Si) and geographic factors Latitude (Lat) and Longitude (Long). The data are
from old sources.

Results: Mean regional (CEC.org/CEC.min) ratio [CEC. (org/min)] was 1.28, mean
K.(org/min) inversely 0.63 and pH. (org/min) 0.91. K.org was stronger explained by CEC.
min (91.8 %), by Si.gw (71.0 %) and by [Lat; Long] (67.4 %) than by CEC.org (63.6 %), by
pH.org (56.9 %) or by pH. min (43.0 %). Associations between single parameters were
significant and positive. Si.gw explained better K.org than K.min and pH.org stronger than
pH.min. Si.gw explained positively K.(org/min) (55.7 %, p = 0.001) and negatively CEC.
(org/min) (32.0 %, p = 0.018).

Conclusion: In continental Finland regional Si.gw - obviously associated with
weathering rate - explained significantly variation in K.org, Kmin, K buffer, CEC.org,
CEC.min, pH.org, pH.min, K.(org/min) and CEC. (org/min). Association of Si.gw with soil
inorganic carbon is discussed.

Introduction

Cation exchange capacity (CEC) is the total capacity of a soil to

Finland potassium buffer power is known to be weak in other than

hold exchangeable cations [1]. The main ions associated with CEC
in soils are the exchangeable cations calcium (Ca?*), magnesium
(Mg?*), sodium (Na*) and potassium (K*) [2]. Because the number
of other ions than Ca, Mg and K is small, the equivalent sum of
(Ca+Mg+K) can be used as a practical estimate for CEC in Finland
[3]. In general, organic matter increases CEC [1,4]. Anyhow in

clayey and silt soils, especially in peat, why fertilization can cause
excessive variation in plant mineral composition [5]. Soil samples
included in this study have been collected mainly in autumns [6].
So, the autumnal K values are thought to reflect the K buffer power
of the regional soils. The aim of this study is to clarify regional
associations of cropland K, (estimate) CEC (Ca+Mg+K) and pH from
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organic (org) and mineral (min) with each other and groundwater
(gw) silicon (Si) as well as with combined geographic factors
Latitude (Lat) and Longitude (Long).

Materials and Methods

Data on Si.gw are from Groundwater database © Geological
Survey of Finland 2017 [7].
earlier ‘Agricultural Advisory Centers’ - from period 1986-90 are

Soil values per Rural Centers (RC) -

provided by Viljavuuspalvelu Eurofins Oy [8], as in [9]. Data on
area of arable land (under cultivation) and borders of RC’s are
from Official Statistics of Finland [10] as in [9] (N.B. in [9] Si est3
is erroneous).

Northern RC of Uusimaa ‘(01). Uudenmaan’ and its southern
RC ‘(02). Nylands Svenska’ are combined to Uusimaa as in [11]
responding together rather accurately combined Uusimaa of [12].
Administrative unit “Finska Hushallningss” RC providing arable
land area in [10] includes (04a) ‘mainland Finska Hushallningss.
RC with municipalities of Dragsfjaird, Houtskari, Ini6, Kemio,
Korppoo, Nauvo, Parainen, Vistanfjard [8] and separately all
municipalities of (04b) RC Aland [8]. ‘(03). Administrative unit
“Finska Hushallningss” RC in [10] includes (04a) ‘mainland Finska
Hushallningss. RC with municipalities of Dragsfjard, Houtskari, Inig,
Kemid, Korppoo, Nauvo, Parainen, Vastanfjard [8] and separately

all municipalities of (04b) RC Aland [8]. (03). Varsinais-Suomen’
and RC ‘(04.a) mainland Finska Hushdllningss. are combined
to Varsinais-Suomi, which is a Finnish region as such, as in [11].
Values for (combined) Uusimaa and “combined” Varsinais-Suomi
are attained by weighting parameter values with arable land areas.
Values of Aland were excluded because of carbonate soil type (and
poor Si.gw and CEC association) [9]. ‘(16). Osterbottens Svenska’
(=Ostrobothnia) was excluded because of small number of samples
(11) and exceptionally high Si.gw.mean/Si.gw.median ratio 1.62
(1.78/1.10) [7]: On an average this ratio in RC’s was 1.08 (+/- 0.14)
[7]. In ‘Osterbottens Svenska’ this ratio was ca 4 SD units higher.
Geographic coordinates are determined by the data of their visually
selected central communes as in (11).

After combinations and exclusions there are left 17 regions with
592,012 soil samples, including 488,461 samples from mineral soils
and 103,551 from organic soils and 713 Si.gw samples (Table 1).
Directions of geographic concentration vectors of K, Si.gw and CEC
calculated by Lat and Long coefficients (C) of combined regressions
and adjusting C. Long with cosine (0.463) of mean Latitude (62.4°,
1.09 ).

In calculations have been benefited program “IBM SPSS
Statistics, Version 25"

Table 1: Area of arable land under cultivation, Number of groundwater (gw) samples, Si.gw, Number of samples from organic and

mineral soils, K, CEC (Ca+Mg+K), pH and Location (°N, °E of Centrum of central commune) of Rural Centers.
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(01).Uudenmaan 131.5 46 1.14 3,597 34,270 | 438 | 154 | 5.66 | 139 5.61 6.00 60.5 251
(02).Nylands Svenska 70.0 26 1.08 1,524 24,755 | 4.57 | 130 | 596 | 137 5.58 6.13 60.2 24.7
(03).Varsinais-Suomen 233.2 42 1.12 4,069 49,305 | 3.71 | 124 | 5.67 | 139 5.54 6.17 60.6 22.6
(04.a).Finska Hushallninss. 17.3 3 1.11 377 8,004 | 405 | 112 | 6.16 | 126 5.54 6.22 60.2 21.9
(05).Satakunnan 171.8 25 0.98 5,809 25,264 | 2.85 | 104 | 4.24 | 100 5.42 6.04 61.6 21.9
(06).Pirkanmaan 101.6 13 0.93 2,831 23,245 | 222 | 112 | 344 | 85 5.46 6.00 61.6 23.6
(07).Hameen ldanin 150.2 48 1.12 4,433 32,282 | 3.44 | 158 | 5.02 | 124 5.60 6.07 60.9 24.3
(08).Ita-Hameen 65.0 19 0.98 1,946 16,320 | 2.65 | 124 | 420 | 86 5.51 6.01 | 61.22 | 255
(09).Kymenlaakso 83.9 29 1.14 2,653 19,877 | 295 | 118 | 4.83 | 121 5.48 5.95 60.7 26.8
(10).Etela-Karjala 62.4 36 0.93 5,551 25,230 | 251 | 124 | 4.06 | 86 5.48 5.95 61.1 28.5
(11).Mikkelin ld&nin 90.7 46 0.91 4,658 27,704 | 1.86 | 122 | 2.92 75 5.50 6.07 61.9 27.9
(12).Kuopin laanin 146.0 57 0.78 7,199 39978 | 2.04 | 102 | 3.17 | 76 5.48 593 63.2 27.3
(13).Pohjois-Karjalan 100.5 54 0.81 4,790 24,592 | 1.79 | 102 | 2.93 71 5.43 5.90 62.8 29.8
(14).Keski-Suomen 94.5 57 0.90 4,851 23,137 | 1.77 | 100 | 2.84 | 70 5.47 5.98 62.7 253
(15).Etela-Pohjanmaan 256.7 28 1.07 14,791 | 42,381 | 2.37 | 98 3.51 78 5.42 5.87 62.8 22.9
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(17).Keski-Pohjanmaan 69.4 15 0.90 8,367 18,934 | 1.87 | 90 2.93 70 5.29 5.86 63.8 24.3

(18).0ulun 177.0 52 0.85 17,366 | 35,468 | 2.00 89 3.11 70 5.36 5.85 65.1 26.4
Kainuun . . , B . . . . 3 .

19).K 40.3 30 0.65 3,542 10,151 | 1.52 92 3.01 65 5.39 5.97 64.5 282

(20).Lapin ldanin 53.0 87 0.70 5,187 7,552 1.39 81 2.89 64 5.27 5.81 66.5 25.7

f-4-bﬂrﬁ+a-ﬁd 10.8 6 0.68 194 4,006 2.78 | 217 | 3.90 | 146 5.79 6.34 60.2 19.9

Results

CEC.org (110.9) was higher to CEC.min (89.3): CEC.org/CEC.
min ratio [CEC. (org/min)] was 1.28. K.org (2.43) was (opposite-
ly) lower to K.min (3.80): K.(org/min) was 0.63. Regional variation
(SD/Mean (%)] was high in values of K.org, proportion of org soil-
types and number of gw samples: SD/Mean was more than 30 %.
Variation was slightly lower in K.min and CEC.min (26 - 28 %), 16-
19 % in Si.gw and CEC.org. Variation was lowest and rather similar

in pH.org and pH.coms (1.6 - 1.7 %), although variation in pH.org
was slightly higher. Variation of Long was 3.2-fold to Lat (Table 2).
Table 3 shows R squares of mutual regressions of Si.gw, K.org, CEC.
org, K.min, CEC.min, pH.org, pH.min by each other and their (com-
bined) regressions by [Lat; Long]. Significance levels for single as-
sociations are given in lower part of Table 2. All single regressions
were significant (R? (%) > 24.6). Significance levels of [Lat; Long]
are not separately given but they were < 0.002 (0.002 by pH.min).

Table 2: Shows standard deviations and coefficients of variation (SD/Mean in percent’s) of the parameters.

pH.org, pH. coms, N of gw samples and proportions (%) of soil-types of 17 Finnish regions
Soil-types
Si.gw K.org (CEC).org K.min CEC.min Lat Long pH.org pH.min gw
org min
mEq/L °N °E -log[H+] N %
Mean 0.935 2.43 110.9 3.80 89.3 62.4 25.6 5.45 5.97 419 18.6 81.4
SD 0.15 0.83 20.6 1.01 25.4 1.74 2.27 0.09 0.10 20.3 | 9.44 9.44
SD/Mean (%) 15.9 34.2 18.6 26.5 284 2.79 8.84 1.66 1.60 485 | 50.6 11.6

Table 3: R squares of mutual Regressions of Si.gw, K.org, CEC.org, K.coms, CEC.coms, pH.org, pH.coms by each other and by com-

bined [Lat; Long]. Results are given two times to help comparing.

Si.gw K.org CEC.org K.min CEC.min Lat;Long pH.org pH.min

Si.gw 71.0 (+) 50.9 (+) 64.6 (+) 69.2 (+) 78.5(-.-) 43.7 (+)
K.org 71.0 (+) 63.6 (+) 94.0 (+) 91.8 (+) 67.4 (--) 56.9 (+) 43.0 (+)
CEC.org 50.9 (+) 63.6 (+) 58.9 (+) 60.9 70.0 (-.(+)) 83.1 (+) 51.5 (+)
K.min 64.6 (+) 94.0 (+) 58.9 (+) 94.3 (+) 61.5 (--) 50.9 (+) 43.7 (+)
CEC.min 69.2 (+) 91.8 (+) 60.9 (+) 94.3 (+) 64.6 (--) 50.9 (+) 493 (+)
Lat; Long 78.5 (--) 67.4 (-) 70.0 (~(+)) 61.5 (--) 64.6 (--) 74.6 (-(+)) 59.8 ()
pH.org 43.7 (+) 56.9 (+) 83.1 (+) 50.9 (+) 50.9 (+) 74.6 (-.(+)) 62.2 (+)

pH.min 29.1 (+) 43.0 (+) 51.5 (+) 43.7 (+) 49.3 (+) 59.8 (-.) 62.2 (+)

Significances of single regressions (df 16): R? (%) > 24.6: p < 0.05, R? (%) > 37.7: p < 0.01, R*(%) > 52.4: p < 0.001

K.org was explained 94.0 % by K.min (Figure 1), 91.8 % by CEC.
min, 71.0 % by Si.gw (Figure 2), 67.4 % by [Lat; Long] (Figure 3)
and 63.6 % by CEC.org. Kmin was explained 94.3 % by CEC.min,
94.0 % by K.org, 64.6 % by Si.gw explained stronger K.org than
K.min and pH.org than pH.min, but weaker CEC.org than CEC.min.
Both (org and min) K and CEC parameters explained stronger
pH.org than pH.min. Si.gw was explained 78.5 % by [Lat; Long]
(signs of regression coefficients were negative) (Figure 4). K.org/K.
min ratio [K.(org/min)] was explained 55.7 % (p = 0.001) by Si.gw

(Figure 5), 41.8 % (p = 0.005) by pH.org and 20.3 % (p = 0.070) by
pH.min. All coefficients of [K.(org/min)] were positive. CEC. (org/
min) was explained 32.0 % (p = 0.018) by Si.gw (inversely) (Figure
6) and 38.2 % (p = 0.035) by [Lat; Long] (both coefficients were
negative). Approximate directions of concentration vectors of Si.gw,
K.org, Kmin and CEC.min were similar: between -97.2 and -100.1°.
Nearly similar was vector of pH.min (-93.9°). Next CEC.org (-88.0°)
and pH.org (-87.0°) (Table 4).

Table 4: Approximate directions of concentration vectors attained via combined regression by [Lat; Long] and its coefficients (C).

coefficients (C): Tangent angle was calculated by using C. Lat as y-vector and C. Long x 0.463 as x-vector

Si.gw K.org (CEC).org K.min CEC.min pH.org pH.min
Atan2 (Long.a;Lat)° -100.1 -98.1 -88.0 -97.2 -97.3 -87.0 -93.9
Copyright@ Toysa T | Biomed ] Sci & Tech Res| BJSTR. MS.ID.003450. 15031
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Figure 2: Regional K.org and its regression by Si.gw.
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Figure 3: Regional K.org and its combined Regression by Latitude and Longitude.
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Discussion

In 1986-90 regional K, CEC and pH values in organic and
mineral agricultural soils and K.(org/min) from continental Finland
were significantly associated with each other and regional Si.gw
(Table 3), and so obviously with regional weathering rate. This is
in concordance with old texts: CEC is an inherent soil characteristic
“(16).
Osterbottens Svenska” RC was excluded because of statistical

and is difficult to alter significantly [1,12]. Ostrobothnia

deviation. (This deviation was obviously not earlier reported). This
increased Si.gw associations with other parameters including CEC
(can be calculated by data in Table 1). Anyhow even median of Si.gw
in “(16). Osterbottens Svenska” (1.10) was higher than Finnish
provincial mean (0.94) (Table 2).

Regional CEC in organic soils was higher than in mineral soils:
CEC.(org/min) was 1.28 oppositely to K.(org/min), which was
0.63 (Table 3). Independently of this regional CEC.org, CEC.min,
K.org and K.min were explained each other and Si.gw and were
explained by [Lat;Long] (Fig’s 1 - 4). Si.gw explained significantly
all parameters, even ratio K.(org/min) by 55.7 % (p = 0.001), with
positive coefficients (Figures 5). Regional (autumnal) [6] K.org and
K.min [6], associations (Table 3) with Si.gw suggests on regional
K buffer association with Si.gw (Table 3). Positive association of
K.(org/min) and negative association of CEC. (org/ min) with Si.gw
is not satisfactorily explained, e.g. because of carbon content of soil

samples were not available. - (Figures 5 & 6).

Approximate directions of concentration vectors of Si.gw, K.org,
K.min and CEC.min were similar: between -97.2 and -100.1°. Nearly
similar was vector of pH.min (-93.9°) (Table. 3).

Associations with [Lat;Long] can be explained by soil ageing
[13] [e.g. erosion (Weathering + transportation)]: In the Finnish
map we see that eastern and northern parts of Finland are more
far from Baltic see: more loss and less receiving of mineral than
on downhill areas and via post-glacial earth elevation from Baltic
sea [14]. So aged soils (and peat soils) are poor in cations and Si. .
Fig’s. 3 and 4 show similar high associations of Si.gw and K.org with
[Lat;Long]. Main vector directions towards south-southwest (Table
4) - higher association with Lat than Long suggest on temperature
association.

Silicate weathering is known to sequestrate carbon: CaSiO, +
2C0, + H,0 -> Ca++ + 2HCO-- +Si02 (soluble) [15]. This has not
been strong enough to stop the carbon loss (220 kg ha/yr in 1974
2009 [16] from Finnish agricultural soils, although soils have been
supplemented by big amounts of carbonate liming agents (mixtures
of CaCO, and MgCO,), which contain ca 12 % carbon. Opposite to
other soil-types, in (easily weatherable) clay soils of southern
Finland carbon content has increased between 1998 and 2009
independent on soil management (annual cropland, perennial
cropland or crop rotation) [16].

Microbiological procedures are obviously important for
silicate weathering, e.g. [17,18]. Silicate fertilizers (big amounts)

in dry soil can work anyhow as cationic adsorbents [19]. It has
been suggested that systems draining soils (streams) with greater
cation exchange capacity release more CO, to atmosphere than
those draining poor soils based on observation that silty stream
was more supersaturated than sandy stream, at approximately an
order of magnitude more saturated than atmospheric equilibrium
[20]. Possibly this is only sign of higher C sequestration [15] in silty
stream, which obviously contained more Si.

In general, most gramineous plants (e.g. ryegrass, wheat,
triticale, sorghum, rye, corn and barley) are known as Si-
accumulating species [21]. Possibly mainly for this reason plowing
(after some years of grass cultivation) seemed to increase plant
silicon content [9], when the accumulated Si is liberating from

debris to soil and plants.

In the Figures of [22] it seems impossible in Finland to reach
the target pH-level 6.1 in coarse mineral soils of Lapland. Maximal
yields have been obtained e.g. by winter wheat even at pH-level
5.7 [23] Possibly oligomers of condense Si(OH),, with pK 6.8 of
its silanol (Si-O-H) groups on the outside of oligomers is [23], can
work as a buffering agent in agricultural soils. Studies on silicates
as liming agents are suggested: Maximal yields can be attained
by different fertilization ratios and in different pH levels in Si
supplemented than in Si exhausted soils.

By improving water control via reduction of transpiration [25]
Si could even rejuvenate eroded soils. Soil CEC associations with Si
(Table 3), i.e. nutrient and retention, could possibly be explained
by Si(OH), polymers [26], which can support the water control,
too. Old studies have suggested on the role of silicates as fertilizers
[27]. In the future they can have an increased role as liming agets
(by reducing the carbon loss via carbonate liming agents) and as
carbon scavengers in general.

PS. In calculations CEC values included one decimal, but in

Table 1 values are given without decimals because of scanty space.

Conclusion

In continental Finland regional Si.gw - obviously associated
with weathering rate - explained significantly variation in K.org,
K.min, K buffer, CEC.org, CEC.min, pH.org, pH.min, K.(org/min) and
CEC.(org/min). Association of Si.gw with soil inorganic carbon is
discussed.
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