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The salt affected soils, their degree of salinization and alkalinization
can be characterized by the amount and chemical composition of water soluble
salts and/or by the degree of sodium saturation in them and in their different
horizons. The methods of analyses used and the limit values of salinity
and alkalinity are by no means uniform. Thev vary in the different regions,
countries, or even in the various laboratories of the same country. Differences
in methods and limit values may be accepted

— under different climates,
— when salt affected soils of various origins are examined.

The methods selected for the study of salt affected soils as well as the
limit values of salinity and alkalinity always depend on the purpose of the
investigations.

Laboratory facilities may also play a decisive role when the most suitable
methods for analytical work related to soil salinity andfor alkalinity are
selected. All the standardized systems for soil analyses are based on theoretical
considerations as well as on practical experiences, and any deviation from
these methods may cause differences in the analytical results.

Using the same methods, it is necessary to know the systematic and
random errors of the analyses for a proper evaluation of the determined soil
properties.

In order to compare and to evaluate data determined by various methods,
we have to know the causes and the magnitudes of the deviations brought
about hv the differences in the analytical methods.

The aceuracy of the determination of soil salinity and alkalinity is
influenced not only by the error of the analyses but by several other factors as
well, which are independent of the methods of analyses.

These factors include:

@) the uneven vertical and horizontal distribution of water soluble salts
and exchangeable cations in soils;

b) the processes of accumulation and leaching of water soluble salts:

¢) the periodical changes of accumulation and leaching processes.

@) Already at the beginning of this century the heterogeneity of soil
properties was recognized by several authors. In the early years of his activity
— while investigating the salt affected areas of the Hungarian Plain
’S1eMoND observed and described that the total amount of water soluble salts
was widely variable both in their horizontal and vertical sections in soils
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[5  7]. His studies and achievements have contributed very much to further
investigations in this field of soil science and his basic conclusions on the cor-
relation between the salinity of soil horizons and the mineralization of waters,
underground layers, ete. are still valid [8, 9].

Due to the uneven distribution of water soluble compounds, a gingle
sample, in most of the cases, does not represent a soil profile, a spot, and still
less an area. Different methods and systems of sampling have been employed
in the successive stages of the development of soil seience in order to overcome
these difficulties [1—4, 9]. Profiles of salt affected soils were sampled at
regular intervals according to the genetic horizons as early as the beginning
of this century. By this method of sampling we can characterize the vertical
distribution of compounds in the profile. Later, sampling methods were
developed which made possible statistical evaluations and the ealculation of
the variations in soil properties, both vertically and horizontally. '

Sampling systems for salt affected soils may be somewhat different from
those used for other soils. These differences can be related to certain peculiarities
of alkali and saline soils. The horizontal and vertical variations in the quan-
tities of the mobile sodium compounds are influenced by different factors,
such as:

- the depth of the water table and the mineralization of the groundwater;
— mnatural and artificial drainage;
— the meso and micro relief of the place of sampling.

Due to these factors and their relative importance, in most of the cases
the salt affected soils form meso- and micro-complex populations of soils
with various degrees of salinization andfor alkalinization. A simple random
sampling, therefore, is not always acceptable for the survey of areas covered
with salt affected soils. 4

The selection of the sampling method depends on the purpose of the
mvestigation. Different methods and systems of sampling have to be applied
tor soil survey, soil amelioration, irrigation or for the control of the effects of
soil amelioration and irrigation on soil properties.

b) and ¢). The regime of soluble salts and mobile compounds in soils may
involve several errors in sampling. Without knowing the salt regime and its
periodical changes, the evaluation of the salinity and alkalinity status of soil
profiles, spots and areas might be erroneous and misleading even if we use the
most proper method of sampling. Unfortunately, in technical literature there
are not many data which conclude to the determination of error due to soil
heterogeneity and to the regime of mobile compounds in salt affected soils.

Methods and materials

For the determination of the effect of factors influencing the error of
samples, investigations were carried out in an area covered by soda-saline
soils. The native vegetation indicated a micro-complex distribution of soils
with different degrees of salinity and alkalinity. The mineralized groundwater
near the surface seemed to be the main factor in the formation of the salt
affected soils.

The total sampled area was 100 hectares. Sampling was carried out in
random distribution on the whole area and in spots having different sizes, as
follows:
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1.a) 3.14 m® with 6 profiles
b) 3.14 m? with 6 profiles
2.n) 0.5 hectare with 6 profiles
b) 0.5 hectare with 6 profiles
3.a2) 1 hectare with 6 profiles
&) 1 hectare with 6 profiles

(e & b indicate parallel samplings)
4. 1 hectare with 12 profiles
5. 100 hectares with 6 profiles.

In case of 1fa and 1/b the profiles were taken from round spots (radius:
1 m).

The profiles were sampled from the genetic horizons at regular intervals,
down to the water table.

The six profiles of the 100-hectare-area were sampled always in the same
months. for four vears.

The degree of salinity and alkalinity was determined from each sample
by the following methods:

The amount and chemical composition of water coluble salts from the
saturaticn extract as well ag from the 1 : 5 aqueous extract;

The quantities of mobile and exchangeable sodium by the ammonium
acetate and the isotope dilution methods;

The CEC-values after sodium-zaturation bv the ammonium acetate
method.

The above-mentioned determinations were also carried out in six parallel
runs from the composite samples of twelve profiles collected on one hectare in
order to determine the error of analvses.

On the basis of the analytical results of the parallel determinations, the
means, the standard deviations and the coefficients of variations were cal-
culated.

To compare the different methods (e.g. methods 1 and 2 below) the
observed means were compared and the standard deviation of the difference
of the means was caleulated.

8y = é(z ) L Za:x (1)
nin—1

8§, = standard deviation of the difference of the means.

(x; - %), = the difference between the value measured in the i-th parallel
and the mean of »n determined by method 1.

(x; — %), = the same by method 2.

% = number of parallel determinations

or Sy :1 ﬁi _—_F_% (2)
n

S, = standard deviation of the values determined by method 1.
8, = standard deviation of the values determined by method 2.
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Equation 1 was applied if the standard deviations of data determined by
methods 1 and 2 were similar. In the cases of different variations we applied
equation 2.

To check the similarity of standard deviations, we used the F-test.

]
F = _égf (3)
S
S, = the higher value of standard deviations,
S; = the lower value of standard deviations.

The confidence limits were calculated with the Student ,,#”’-test.

To evaluate the salinity and alkalinity of spots or areas, it is necessary
to know the distribution of sodium compounds in the different layers within
the soil profile and to calculate the reserves of mobile sodium compounds in
the investigated soil layers.

For the determination of the mobile sodium reserves of the sampled
spots, the weighted means of the mobile, exchangeable and soluble sodium
contents of the sampled profiles were calculated:

L 2 Na; - o
Na=5L - 100 (4)
n
20
i=1
Na = the weighted mean of the quantity of sodium compounds in the soil
profile, me/100 g
Na; = the mobile sodium content in the sample from the i-th layer, me/100 g
a; = the weight of the i-th layer in g.

The weighted mean of the quantity of sodium may be considered as the
sodium reserve of the soil profile between the lst and n-th layers.

The means of the mobile sodium reserves of the sampled spots were
calculated from the weighted means of the mobile sodium contents in the
sampled profiles.

For comparing the mobile sodium reserves of spots of different sizes, the
means were compared and the standard deviation of the mean of differences
was calculated.

In the cases of an equal number of profiles equations 1 and 2 were used.
If the numbers of profiles on the compared spots were unequal, we applied the
following equations:

/[gl (% — )7 4 Z'I(SUl —2)3| | n, + ?;,2]
8=} = T (5)
Ny Ny (R + 1y — 2)
Q. qz
T My

S; = standard deviation of the difference of means in the mobile sodium
content measured on spot 1 and spot 2.
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(z; — T); = the difference between the sodiumn reserve determined in the i-th
profile and the mean of sodium reserves in %, profiles on spot 1.

(¢; — %), = the difference between the sodium reserve determined in the i-th
profile and the mean of sodium reserves in », profiles on spot 2.

n, = number of profiles on spot 1.
n, = number of profiles on spot 2.
S, = standard deviation of the sodium reserves of profiles on spot 1.
S, = standard deviation of the sodium reserves of profiles on spot 2.

The ,, F'-test was used to check the similarity of standard deviations. The
confidence limits were calculated by the Student ,./”-test.

Results and discussion

For the characterization of the salinity and alkalinity status of soil
profiles, it is necessary to determine the quantities of mobile, water soluble
and exchangeable sodium compounds.

The mobile sodium content can be measured either by the ammonium
acetate- or by the isotope dilution method. The amount of sodium in the
ammonium acetate extract gives the total of soluble and exchangeable sodium.
The same forms of sodium can be determined by the isotope dilution method.
With both methods the error of analyses is within the limits of acceptability.
In the case of six parallel analyses the coefficient of variation is less than three
percent for the ammonium acetate method and about six percent for the
isotope dilution method (Table 1). The isotope dilution method gives higher
values in every case than the ammonium acetate method. The difference
between the amounts of mobile sodium determined by the two methods is more
than the error of analyses, and the differences of the means are characteristic
on 999%, confidence level.

In the case of analysing a spot with random distribution of twelve pro-
files, the mobile sodium contents determined by the ammonium acetate- and
the isotope dilution methods differ. The differences are less than the error of
samples and the means of the differences are not characteristic on 95%, con-
fidence level (Table 1).

Exchangeable sodium is calculated from the quantities of mobile sodium
compounds by subtracting the amount of water soluble sodium. The com-
parison of the values determined by the ammonium acetate- and the isotope
dilution methods gives the same results as in the case of the determination of
mobile sodium. The accuracy of the determination by either of the two methods
is acceptable. The coefficients of the variations are about six percent with the
ammonium acetate- and about ten percent with the isotope dilution method.
The differences between the amounts of exchangeable sodium determined by
the two methods are more than the error of analyses but less than the error
of samples and in this case the difference of means is not characteristic on
95%, confidence level.

The isotope dilution method has the advantage that in the soil —water
equilibrium system the characteristic values (pH, the solubility of salts and the
colloid-chemical state of the adsorbent) are more similar to the original pro-
perties of soil samples than in the case of the ammonium acetate method. The
error of analyses of the isotope method is somewhat higher than that of
the ammonium acetate method but it is much less than the error of sampling.
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Table 1.

The error of analyses (A) and the error of samples (B) in the determination

Mobhile Na
Dieptls, Numkber Presacii .\'EI‘ i,l,vpt‘ih!, El}or'l Isotope dilution method | Sd,‘ﬁl i‘d
em of parallel crade _ =
analyses B | Nuy | ™ i Na, J B, . |
= - (BN OV, -
| mefl100 g | me/100 g | mef100 g
A. I |
60— 3 ] 10 | 10.6 0.29 2.7 11.9% 0.4% 4.0 1.33] 0.23
3-10 4] i 11.05  0.26 24 1.25 0.0 2,53 0.52
10 20 i 3000 1392 031 22 0T L 44 L8T| 0.31
20 - 30 ) 5 | 928! 034 3.0 095 | 7.7 3.10] 041
30-50 ' [ i B 6.25 0,17 2.7 .43 6.1 0,781 0.19
|
g | ]
0n- 3 12 22 1391 3.61 23.9 7 12,62 0 275 | 21.8 |—1.29] 1.31
3- 10 12 22 14.20  3.00  21.1 16.61 1 3.96 | 33.0 241 1.41
1020 | 12 2% 14.52 2.5 16.9 15.04 ' 3.38 18.7 1.52 ] 1.26
20830 | 12 22 11.05 320 20,4 1203 | 241 10,9 1.{)7i 0.94
30— 30 f 12 11 7.33 ' 1.09 0 21.6 ‘ 7.48 3.71 50,2 U.l.’j: 1.18

For the subsequent evaluations we decided to use the quantities of mobile and
exchangeable sodium determined hy the isotope dilution method.

The water soluble sodium compounds can be determined either from the
saturation extract or from the 1 :5 aqueous extract.

The analyses of saturation extracts and 1 : 5 agqueous extracts give the
same general picture of the distribution of soluble sodium within the soil
profile (Fig. 1). The numerical values of sodium contents determined in the
saturation extracts and in the 1 : 5 aqueous extracts differ from each other.

If we analvse samples of twelve profiles colleeted from one hectare, there
are more differences between the sodium quantities measured in saturation
extracts and 1:5 aqueous extracts than the error of samples, and the dif-
ferences of means are characteristic on 95%, confidence level (Table 2), The
amounts of sodium ions determined in saturation extracts were selected for
the further evaluation of the distribution of soluble sodium. The results of
analyses, carried out in six replications from the same samples, indicate that
the error of analyses is less than 10%, for soluble sodium (Table 3).

The analyses of a representative soil profile show that the soils of the
investigated area contain a high amount of water soluble salts. The maximum
quantities of water soluble salts occur on the surface of the soils, and decrease
slowly in the deeper horizons, nearer to the water table. The depth of the water
table varied between 0.7-- 1.5 m in the period of survey. Sodium carbonate
and bicarbonate amount to more than sixty percent of the total salt content
and their ratio decreases — with the decrease of the total salt content -~ to
50 40Y%, in the deeper layers. Due to the high amount of sodium carbonate,
the pH values of the saturation extracts are between 9 — 10. The concentration
of caleium and magnesium is very low and in the solutions the sodium ions
dominate. As a result of the excess of sodium ions, the soil is saturated with
sodium up to 80 90 percent {Table 4).
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of mobile and exchangeable sodium on a spot 1 ha in extent
i Exchangeable Na . ) o ;
NH, acetate methor]-_ Tzotope dilution method s ‘
i Free%om =d ‘ +

S g8 Nu, } EN grage T

Sl Lns Cv, —_——| Gy, ;

me(l00 g me/100 g : mefloo g |
60 | 715] 058 | 1| 853 046 | 89 10 0.37 ! 3.73
4.87 7.52 0.39 3.0 10.35 1.35 | 13.3 3 0.55 | 4.26
6.20 10,02 0.76 7.6 11.95 1.15 | 0.6 3 0.56 | 3.45
7.56 e 0.36 4.4 10.61 0.97 | R ) 0.41 7.55
4.11 4.73 0.27 2.7 H.l 0.53 | 9.6 10 0.24 3.25
0.99 787 3.10 432.0 6.30 2.33 37.0 22 132 1.13
1.67 0.64 2.49 25,8 ‘ 12,04 3.66 30,2 22 1.27 | 1.90
1.06 12.56 2,26 18.0 | 14.07 25T 18.3 | 22 0.99 1.63
1.12 75| 144 164 9.80 | 232 | 237 [ 22 0.79 1.33
0.13 6.45 1.59 21.6 ‘ 6.60 3.79 574 11 | 1.17 0.13

| ]
| i | |

The other type of soda-saline soils in the sampled area is the sodium-
carbonate-solonchak-solonetz. Characteristically of this type of saline soil, the
maximum of sodium salts occurs in the B,-horizon (Table 4). The concentration
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Fig. 1

The distribution of mobile sodium compounds in two typical soil profiles of the in-

vestigated area. A. Soda solonchak-solonetz. B. Soda solonchak. 1, Water soluble sodium

in the saturation extract; 2. Water soluble sodium in the 1 : 5 aqueous extract; 3. Ex-
changeable sodium; 4. Mobile sodium

4*
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Table 2
The quantities of sodium compounds determined
Na* Na —
Number Freedom in satiiation inl :Sauqueous Nl - & aj’
Depth, cm of samples grade extract extrach
me/100 g
0— 3 12 22 6.33 7.02 0.69
3—10 12 22 4.54 6.35 1.81
10—-20 12 22 3.97 5.88 1.91
20— 30 12 22 2.32 4.25 1.93
30—50 12 11 0.88 2.74 1.86
50—-70 7 12 0.71 2.06 1.35
70—90 6 10 0.67 1.77 1.10

of salts in the saturation extracts is somewhat less than in the case of sodium-
carbonate-solonchak. Among the water soluble salts sodium carbonate and
bicarbonate prevail, both having a maximum concentration in the B,-horizon.
Due to the prevalence of sodium carbonate and bicarbonate, the soil is satur-
ated with sodium up to 60—80 percent. The amount of mobile and exchange-
able godium shows maximum values in the B;-horizon in both of the soil pro-
files. We collected samples of 6 profiles from spots /e and 1/b. Spot 1/a repre-
sents mainly sodium-carbonate-solonchak, and spot 1/b represents sodium-
carbonate-solonchak-solonetz. The general picture of the distribution of mobile,
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The distribution of mobile sodium compounds in a solonchak soil profile and in the
averages of twelve profiles. A. Soda solonchak profile. B. The average of twelve pro-

files. 1.—4. See: IMigure 1
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in saturation extracts and 1:5 aqueous extracts

. , ) Conlfidence
Nay 2'Na, P F t limit
me/100 g
10.810 l 4.780 1.150 2,28 0.57 2.38
1.650 | 2.600 0.520 1.56 3.48 1.07
2,000 | 3.210 0.660 1.60 2.91 1.36
1.530 1.550 0.506 1.01 3.81 1.05
0.080 0.410 0.202 512 9.24 0.44
0.014 0.051 0.006 3.67 14.10 0.21
0.077 | 0.083 0.163 1.07 6.75 0.36
\

exchangeable and water soluble sodium within the soil profile is the same in
the tvpical soil profiles as that given by the means of profiles on small spots
covered dominantly by one of the two soil types (Table 5). These two soils
differ from each other not only in the vertical distribution of mobile sodium
compounds but in the quantities of mobile sodium reserves, as well. The
differences of the means of mobile and exchangeable sodium reserves of the

Table 3

The error of analyses in the determination of water soluble sodium
from saturation extracts

Denth l 0?;3216111 &P Ssp pH Spm e SN“ CVnNa
| analyses me/fl
h— 3 6 33.1 0.8 9.95 0.10 104.2 7.40 7.1
3-—10 6 390.2 0.3 9.95 0.10 84.6 3.12 4.1
10- 20 6 577 1.3 9.59 0.15 67.3 7.51 11.1
20--30 6 54,1 1.8 9.46 0.02 32.6 0.40 1.23
30— 50 6 35.6 0.9 7.96 0.27 42.3 2.60 G.14
l

two spots are characteristic on 95%, confidence level. The variation of the
mobile sodium contents is less on spot 1/b than on spot 1/a. In the case of spot
1/b every sampled profile belongs to the sodium-carbonate-solonchak-solonetz
type and on spot 1/a five out of the six profiles represent sodium-carbonate-
solonchak and one of them belongs to the sodium-carbonate-solonchak-
solonetz type (Table 6). The same distribution of soils could be observed in the
case of sampling the 1/a spot and one hectare. From the twelve sampled pro-
files ten represent sodium-carbonate-solonchak and two sodium-carbonate-
solonchak-golonetz. The mean of mobile sodium reserve is the same as in spot
1/a, and the difference is not characteristic on 959, confidence level (Table 7
and Fig. 2).



K. DARAB

54

(v) °p1joad yeyouo[os v ur wnipos S|qeafuryoxa jo junoure syy puv §PELLXS uoneinyes jo uonsodures [BoTmmaLd By,

¢y ¥l'g L) ¥'e FE0 6F1 oLl 08T L's 84'¢ | &@'8¢ 06— 04
001 OL'¥ G901 0L £4°0 6’8 8L°8 8U°G 08 08'¢ | 00 0L—0%
0761 1601 L6 0s¥F 9°GL '8 1%°0 ¢'ue GL'1 8871 06 01°8 ¥0g 04— 08
GLLl L] 1"4¢ 0s's LGS 06 [ 0'GL LG £49°0 9°6 98'q | ®'99 0g — 08
0491 BET11 g6l 08°'a ¥ e¥ ¢’y §E70 0'FL ¢80 18°0 L6 678 | &°4Y 0g—0L
9G°glL 90°01 881 - ®08 0°¢l ¢g'o 4769 11°8 66’1l a6 Gl'g FENtE 01 ¢
09°6 gL'gt 97 08y a0y = GL "4 66’8 F79°E L'8 6R°G | '8P € —0
i
- - Ws1 - 9%'0 508 16°1 Pl 6’8 L6711 ¢'EE 06— 0L
¥l 014 £61 = PP 0 G'E% w'e GO &8 9%°G 918 0L—04
e gg'y ¢el [ 'gt - GLO L'ET €81 ¥e'e a'g 671 o'Le 0% - 08
0oL's 049 §°La 09°¢ ¥'éc 6L Ga'0 9°6% GE'1L 9670 ¢'6 eL'e | 0°0F 0g—0e
46701 GL'G N'NE 001 i 415 0¥ G8'U G090 c0's FLT 16 80°¢ | 0°9¢ 0g— 0t
069 66°F I'e F6°8 £'49¢ gPIL L0 96LI 9Ly 0¥z L6 GE'8 | 6°C68 01—%
| €G'8 9°6€ 066G ¥0L 8'1g E¥'I 0'9LT G171 1#1 86 1I°01 | ¥'88 £ —0
i &
s 0T/ o 1fam
md
o) NGB -1 -%0s SooR ) +X FEN +a8 +iT) e o " g

vaie pareSnsasur syl Jo (g) [108 ZJPUO[OS-YEBYDOUO[ES T Ul pun

Foong



AGROKEMIA ES TALAJTAN Tom. 23. (1974) Supplementum 55
Table 5
The distribution of mobile sodium in two typical spots of the sampled area
—”I_ o i Mobile Na Exchangeahle Na Soluble Nu
Sampled | Number W e B —"
spot, of ' Depth, em | Na ‘ = XNa, g, Na; | %
m? profiles ] ¥; | — CV, —m—————r— €
| ! me/100 g me(l00 g me/100 g |
- | i \ |
1/a 6 | 0— 3 | 12.27 | L76  14.3 8.72 | 0.83 9.5 | 3.55 | 1.56 | 44.2
3.14 3—10 14.48 | 1.50 | I1L.0| 11.93 | 186 | 15.5 [ 2.53 | 0.41 | 16.1
10--20 14,10 | 1.24 9.1 11.50 | 1.30 | 11.1 | 2.60 | 0.80 | 30.4
. 2030 13.67 | 1.84 | 134 11.85 ] 1.39 | I1.7| 1.82 | 0.34 | 18.6
| | 30—50 6.86 | 1.59 ' 23.2 557 | 142 | 255 1.31 | 0.23 | 17.9
weighted mean 11.20 | L.16  10.3 9.22 | 0.86 9.3 | 1.98 | 0.63 | 31.8
|
1/b ' 6 0— 3 9.87 | 0.94 9.5 7.62 1 089 | 11.7 | 2.25 | 0.17 7.5
3.14 | 3—10 11.03 | 0.96 8.7 8.42 | 0.97 | 11.5 | 2.61 | 041 | 15.5
| 10—-20 11.67 | 0.96 8.3 7.61 1.25 | 16.5 ' 4.06 | 2.46 | 58,0
20—-30 10.07 | 0.68 6.7 751 | 0.38 5.2 | 2,86 | 0.65 | 25.5
I 30—-50 7.05 | 1.09 | 154 558 | 0.65 | 11.8 | 1.47 | 0.96 | 51.4
weighted mean 9.25 | 0.79 8.5 6.85 | 0.5 73| 24 0.45 | 18.8
i |
Sg= 0574 t= 339 Sg = 0,408 t == 5.38 82= 0.316 t=0.
Table 6

The weighted means of mobile and exchangeable sodium in profiles
on spots 1fa and 1fb

Mobile Na l Exchangeable Na
Spot No of profile
mef100 g

1/a I 9.17 7.43
1L 11.16 9.30
ITI 11.62 19.60
v ; 12.72 10.30
v 11.50 9.10
VI 11.03 i 9.68
Mean 11.20 9.22
S = +1.16 +0.74
S = +0.475 +0.35

999 confidence interval 13.11 —9.30 10.63 —17.81
1/b I 9.20 7.10
II 8.10 6.15
111 9.44 7.30
18 10.22 7.35
v 9.92 6.87
VI 8.65 6.33
Mean 9.25 6.85
8= ‘ —+0.79 +0.50
S = 40,32 +0.20

999, confidence interval I 10.55 — 7.95 7.67-6.03
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The reserves of mobile, exchangeable and soluble sodium in the 0 — 50 em
layer were calculated for spots of different sizes and from different numbers of
sampled profiles. The means calculated for spots of different sizes and for
different numbers of profiles are very close to each other. If we compare the
data of samples collected from two 0.5 ha spots, or from two 1 ha spots, or even

Table 7
The weighted means of mobile sodium in twelve profiles collected from one hectare
Mobile Xa in the
No. of profile 0—50 em layer

me/100 g

111 13.75
112 12,20
113 11.20
114 11.90
115 12.35
116 10.45
117 12,42
118 15.25
120 10.70
121 11.80
122 13.15
123 | 13.05
mean | 12.35
S = +1.37

OV = 11.19

Profiles No. 116 and No. 120 are soda-solonchak-solonetz.

if the data of samples collected from one hectare are compared to those of
samples coming from 100 hectares with random distribution of 12 and 6
profiles, the differences of the means of mobile, exchangeable and water
soluble sodium reserves are within 95%, confidence intervals. The similar
values of mobile sodium reserves show that the sodium compounds are dis-
tributed uniformly on the total sampled area. The coefficient of variation
increases only very slowly with the increase of the size of the sampled spot
(Table 8 and 9).

The data are in accordance with observations revealing that soils with
different degrees of salinization and alkalinization form mierocomplex popu-
lation on the sampled area. In this microcomplex population the extent of
sodium-carbonate-solonchak soils represents about 80—85 percent, and the
rest of the area is covered by sodium-carbonate-golonchak-solonetz.

The amount of soluble sodium in the 0 - 50 e¢m soil layer did not change
in the four years of observation and the weighted means of sodium salts varied
between 3.0 and 3.8 me/100 g. The difference of the means is within the 959,
confidence interval.

At the same place we measured an increase in the exchangeable sodium
reserves from 6.22 me/100 g to 10.8 me/100 g. The increase of the exchangeable
sodium is characteristic on 95%, confidence level. This indicates the progressive
alkalinization of soils in the investigated area.
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Table

8

The means of mobile sodium reserves in the 0—50 cm layer of

the sampled spots and area

) Number Mobile Na | Exchangenble Na Soluble Na
The size of spot | of profiles e T S e
|
1/a 3.14 m? 6 11.2 me/100 g 9.22 mef/l100 g ' 1.98 mef100 g
s = +1.16 s = +0.86 | s = +0.63
CV = 10.3Y% | CV = 9.39%, CV = 31.89
1/b 3.14 m? G 9.25 me(100 g 6.85 mef100 g 2.40 me(100 g
s = +0.79 5= 105 8= +045
CV = 8.59 CV = 7.39% | OV = 18.89
2fa 0.5 ha 6 1 11.34 me/100 g 8.83 mef100 g ‘ 2.51 me(100 g
s = +1.19 s = +0.91 s = +0.77
CV = 10.49, CV = 10.3% CV = 30.69%
2/b 0.5 ha ] 10.06 me/100 g 8.18 me/100 g 1.82 me/100 g
{ 8 = 4 1.65 | s = +1.55 | 8 = =0.38
| CV = 159 CV = 19%, | GV = 20.89,
3ja 1 ha 6 | 11.02 me/100 g 8.88 me/100 g 2,14 me/100 g
s = 4211 5 = +1.43 s = +0.62
CV =19.19% CV = 16.19% CV = 28.8%,
3/b 1 ha 6 11.32 me/100 g 8.13 me/l00 g | 2,19 me[100 g
s = +1.13 s = 4+1.17 5 = +—0.79
CV = 109%, CV = 14.39, CV = 369%
4  1ha 12 | 1235 me/100 g | 10.18 me/100 g 2.17 me/100 g
s = +1.37 B=il.48 | 8= _4.:0.68
CV = 11.19%, CV = 14.59% CV = 31.39
5/a 100 ha 6 10.2 me/100 g 6.25 me/100 g 3.78 me/100 g
10/68 | 5 = --1.92 5= +1.33 s = +171
CV = 18.7% | OV = 18.4% CV = 459
5/b 100 ha 6 14.5 me/100 g 10.86 me/(100 g 3.79 me/100 g
10/71 s = 43.72 s = +3.86 s = +2.10
CV = 25.59 CV = 35.49 CV = 579%
Conclusion

The accuracy of the determination of soil salinity and alkalinity is in-
fluenced first of all by the error of sampling due to the uneven vertical and
horizontal distribution of water soluble and exchangeable sodium compounds,
To overcome this difficulty a proper sampling plan is necessary. The sampling
system should be selected according to the desired accuracy and to the dis-
tribution of different salt affected soil types on a complex soil cover. 1f we
know the main factors influencing the horizontal and vertical distribution of
water soluble and exchangeable sodium it becomes possible to distinguish the
different types of soil populations and to select the proper systems of sampling
according to the given type of soil complex.

The salinity and alkalinity status of soil complexes can be characterized
and the effects of soil amelioration and irrigation can be determined in the
following steps:
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1. Field survey of the area to be characterized.

2. Determination of the vertical distribution of exchangeable and water
soluble sodium by analvsing the samples collected from representative soil
profiles.

3. Determination of the type of soil population and of the ratio of the
different types of salt affected soils in the given population. For this purpose a
different number of profiles must be sampled on spots of various sizes.

4. Calculation of mobile sodium reserves and determination of the opti-
mum size of spots and the optimum number of profiles to be sampled.

5. On spots having the optimum size samples must be collected regularly
from the optimum number of profiles for several years in order to observe the
effect of soil amelioration and irrigation on the salinity and alkalinity status of
the investigated area.

Summary

For our investigations an area covered by the population of sodium
carbonate solonchak and sodium carbonate sgolonchak-solonetz soils was
selected. These soils formed under the influence of the mineralized ground-
water, Both soil types are dominated by sodium carbonate and bicarbonate in
the soil solution and can be characterized by the increased amount of water
soluble sodium compounds and the high degree of sodium saturation.

The accumulation of mobile sodium and the quantities of exchangeable
sodium showed maximum values in the B horizons of the soils. There was,
however, a difference in the distribution of soluble sodium. The maximum of
water soluble sodium salts occurs at the surface of the solonchak soil and in the
B, horizons of solonchak-solonetz soils.

The investigation of spots of different sizes showed that in the given
population of sodium carbonate solonchak and sodium carbonate solonchak-
solonetz soils, solonchaks represented 80 —85%,, while the remaining 15 —20
percent of the area was covered by solonchak-solonetz soils.

The same distribution of soils was observed in the cases of sampling
spots with sizes of 3.14 m?, 0.5 ha. 1 ha. The mean values of mobile sodium
reserves were very close and the difference of means was not characteristic on
the 959%, confidence level. This means that the two types of salt affected soils
form microcomplex population on the investigated area.

The values of mobile, exchangeable and water soluble sodium reserves in
the 0—30 em layers were also verv close to each other in the case of all spots,
The variation coefficient increased only very slowly with the increase of the
size of the sampled spot. The differences of the means of mobile sodium reserves
calculated for spots of different sizes and from different numbers of sampled
profiles were within the 95%, confidence interval. The similar values of mobile
sodium reserves show that the sodium compounds are distributed uniformly
on the total sampled area. This seems to indicate that if soils having different
degrees of salinity and alkalinity form microcomplex population, the mean of
mobile sodium reserves measured in a relatively small number of randomly
distributed soil profiles is characteristic of a relatively large spot or area with
good accuracy. In the investigated area, due to the influence of the high level
of mineralized groundwater and to the prevalence of sodium carbonate and
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bicarbonate in the soil solution, progressive alkalinization of soils is indicated.
The increase of the amounts of mobile and exchangeahle sodium can be
determined by the sampling of the same profiles in the same seasons for
several years.

References

[1] Hammonn, L. C., PrRircHETT, W. L. & CEEW, W.: Soil sampling in relation to soil
heterogeneity. Soil Sci. Soc. Amer. Proc. 22. 548 —552. 1958,

[2] KosrLovsky, F. T.: (A structure-functional and mathematical model of migration
landscape-geochemical processes). (Russ.) (4) 122—138. 1972,

[3] PeTERSEN, R. G. & CarviN, L. D.: Sampling. In Methods of Soil Analysis, Part 2.
(Ed. C. A. Black) 54—72. Amer. Soc. Agron, Madison. 1965.

[4] SavecH, R. G., ALBAN, L. A. & PrTERSEN, R. G.: A sampling study in a saline and
alkali area. Soil Sci. Soc. Amer. Proc. 22. 252254, 1958,

[6] 'SieMonD, A. A. J. DE: A hékéscsabai Ontdzétt szikes réten végzett sémeghatdrozd-
sokrél. (On the determination of salts of the irrigated alkali meadow at Békds-
csaba). Kisérletiigyi Kozlem. 5. (1) 47—69. 1902.

[6] *S1eMOND, A. A. J. DE: Ujubb tapasztalatok a szikes talajrél. (New experiences con-
cerning “‘szik” soils). Kisérletiigyi Kézlem, 6. (2) 81—120. 1903,

[7] *Siemonp, A, A. J. pe: Uber die Grundfragen in der Zubereitung der Bodenlésungen
fiir die chernische Analyse. Verh. II. Internat. Agrogeologenkonferenz. Stockholm.
71—92. 1910.

[8] ’StemonD, A. A. J. DE: A hazai szikesek és megjavitdsi modjaik. (Hungarian alkali
soils and their reclamation). Magyar Tud. Akadémia. Budapest. 1923.

[9] 'SieMoND, A. A.J. DE: Genceral principles for surveying the salty and alkali soils.
Proc. lst Internat. Congr. Soil Sei. Washington. 5. 479—482. 1928.

[10] Szamorcs, I.: The influence of sodium carbonate on soil forming processes and on
soil properties. Agrokémia és Talajtan. 18. Suppl. 37—68. 1969.

[11] Szasorcs, I. & DAras, K.: Az oldhaté sék dinamikéja éntézots talajokban, (Dyna-
mice of soluble salts in irrigated soils). Agrokémia és Talajtan. 4. 251 —259, 1955,





