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Study of salt-affected soils is very often restricted to the pedon with
unique morphological features or to the individual whose chemical properties
require application of reclamation practices for erop production. As further
information is gained regarding the characteristics of such soils, it becomes
increasingly clear that they must be examined as integral units in a sequential
aggociation of several individuals if their complexities are to be understood.
(lassification of these soils and understanding of genetic processes involved
in their development require that they he considered in relation to their posi-
tion in the present landscape and with regard to their past as well as present
environment. Definition of presently or previously salt-affected soils requires
a knowledge of each stage during salt accumulation or leaching as the case
may be.

The importance of biological formation of NaHCO, and Na,CO, and
attendent processes involved in development of soil alkalinity have recently
been stressed by WairTTic and JaNirzry [14] in California and by Asp-EL-
MaLex and Rizx [1] in Egypt. In these two publications, local accumulations
of biologically-induced Na,CO, were manifest. Jantrzxy [8], more recently,
has described more extended manifestation of similar processes of alkalinization
and salinization over rather broad areas in the Sacramento Valley, California.

The present paper relates the chemical changes induced by natural
leaching of previously salinized soils since removal from the sphere of sali-
nization.

Soils investigated

Two sequences of five profiles each were selected from different localities
in the Sacramento Valley. Each sequence includes a range from undifferen-
tiated saline soil to leached soil with characteristic solonetzic morphology.
Profiles selected within each sequence represent evident phases in which spe-
cific characteristics display a distinct similarity and vary in a definite order
and direction as a function of leaching intensity.

The first profile sequence is situated on a gently sloping alluvial fan
(less than 1% slope) in eastern Solano County. The sequence is adjacent to
a formerly inundated floodplain of a tributary of theSacramento River. The
last, leached profile in the sequence is located approximately one kilometer
upslope from the first, saline profile and the remaining profiles lie approxima-
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tely in a straight line between the two extremes. The first profile in the sequence
represents the position of maximum salt accumulation in the salinization
sequence described by JaNTTZKY [8].

The second profile sequence is situated on a gently sloping alluvial fan
(less than 1% slope) in the vicinity of a tidal marsh in western Solano County.
The first and last profile in the sequence are separated by a distance of appro-
ximately 300 meters.

Since the objective of the present study has been to follow chemical
changes resulting from natural leaching of the soils, details of profile morpho-
logy will not be presented. However, for the purpose of orientation and to
emphasize clearly the role of leaching in the changes observed, hrief general
description of significant features of the end member profiles and some perti-
nent field observations are in order,

The saline end member profile in each sequence contains soluble salts
throughout and exhibits very little if any textural or structural differentiation.
The color of the horizons varies from yellowish-brown near the bottom to
olive-gray or gray with proximity to the surface. Mottling is prominent
throughout the profiles. The surface in each case is practically devoid of
vegetation.

The leached end member profile in each sequence contains very little
soluble salts in the A-horizons, but the salts increase in the B and C-horizons.
There is an abrupt morphological separation between the leached, sandy
loam A-horizons and the prismatic, clay loam B-horizons. The colours vary
from pale brown in the A to yellowish-brown in the B-horizons and mottling
is evident throughout the B-horizons. These soils support a dense cover of
grass vegetation.

The intermediate profiles in each sequence vary in morphological features
progressively from the undifferentiated, saline end member to the sharply
differentiated, leached end member.

Surface runoff water normally covers the lowest, saline profile in Sequence
I and the first two profiles in Sequence II following periods of heavy rainfall
during the winter season. Actual ground-water level under other profiles of
Sequence I was not encountered at the depth of sampling (approximately
1.5 meters) even during the rainy season. The ground-water level rises to within
approximately one meter from the surface of the higher profiles of Sequence T1
during the drier seasons.

Field observations suggest that the water regime in these areas has
changed quite markedly since deposition of the fan sediments. There appears
to have been a general recession of the ground-water level since carlier times.
A Solano profile studied earlier (WHITTIG [13]), which is located in the same
general vicinity and which is very similar in morphology and chemical pro-
perties to the leached profiles of the present sequences, still retains relic column
tops of a former columnar B-horizon in the present leached, eluvial A-horizon.
Surveys of the areas under investigation, conducted in 1911, show marsh lands
over much more extensive areas and within much closer proximity to the
present sequences than exist at the present time. Evidence strongly indicates
that soils in the area presently affected by leaching have been areas of salt
accumulation in the past. Recession of the ground-water due to stream entrench-
ment or uplift of the land surface has removed some of these soils from a sphere
of salt accumulation to one of natural leaching. Further evidence of leaching
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effect is exemplified by the marked and very abrupt transition between the
A and B-horizons of these soils and by the uniform depth of the leached
A-horizon over broad expanses of alluvial soils of the area.

Results and discussion

Analvtical methods used for determination of pH, electrical conducti-
vity, soluble and exchangeable ions, cation exchange capacity, and precipi-
tated Ca and Mg-carhonates have been described in previous papers (WHITTIG
and Janrrzky [14]; Jaxitzry and Wairric [8]). Results of analyses are
reported in Tables 1. and 2.

Sequence 1.

The first profile in the sequence, situated at the lowest position adjacent
to the former inundated floodplain, exhibits the maximum salt accumulation.
As discussed by Jaxirzry [7], NaHCO,; and other soluble salts have migrated
laterally from the former marshy area and have concentrated at this position.
Na, (0, and NaHCO, entering the system have caused precipitation and inac-
tivation of Ca and Mg as carbonates along the path of the accumulation
sequence. Concentrations of Ca and Mg-carbonates are thus rclatively high
in the profile under discussion (Table 1). The fact that Mg in carbonate form
is relatively more soluble than CaCO,, together with the fact that soluble
Mg+ is present in higher concentrations than Ca?* in the ground-water in the
former marsh area, which serves as the reservoir from which laterally moving
solutions have emanated, accounts for the fact that carbonate of Mg predo-
minates over carbonate of Ca at this position.

Inactivation of divalent cations as relatively insoluble carbonates has
favored adsorption of Na* by the exchange complex. Exchangeable Na*
percentage, high throughout the profile, is at a maximum of 819, between
5 and 18 em. High exchangeable Na™ is accompanied by relatively high
soluble Na*. In contrast, soluble and exchangeable Ca** and Mg®* are de-
presged. Soluble Ca®* and Mg®* are highest at the very surface where the pH
is 6.1. Sulfate is the dominant soluble anion throughout the profile and is
followed in order by Cl-, HCO;, and CO3~. The presence of soluble HCOz
and CO%~ is consistent with the low content of soluble Ca** and Mg** and
with the high pH throughout most of the profile. The distribution of soluble
salts in the soil indicates that accumulation has been dominant over leaching
at this position.

The second profile in the sequence shows definite evidence of leaching
domination. Soluble salts are present in small amounts throughout, but they
increage from very low concentration near the surface to considerably higher
concentration at lower depths. Soluble Ca** is absent and soluble Mg®* and
Na™* are present in concentrations of less than 1 me/100 g above 48 em. Both
Cl~ and CO3~ are absent abhove 30 em and 8SOj~ and HCOj are present in
only very low concentrations.

Exchangeable Na* percentage is much lower throughout the second
profile and there is a definite trend toward decrcasing exchangeable Na*
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Table

Chemical properties of

Cal+
l’r_oﬁle Depth T (me/100 g)
B (cm) pH (mmbhos/em)
| soluble exchany. Ca%;O:,
!
- B ] |
0— 1.5 6.1 46.8 0.7 0.7 3.5
1.5— 5 8.4 8.7 0.1 2.4 3.5
5- 18 0.1 11.8 0.1 1.6 10.2
18— 41 9.5 6.9 — 0.7 5.9
s 4l — 56 9.5 5.4 — 0.3 4.6
56— 76 9.5 4.7 — 0.3 5.7
76— 92 9.5 4,5 — 0.2 6.6
92114 9.4 3.9 — 0.8 31.3
125— 9.3 3.6 - 1.4 90.7
h— 2.5 5.8 0.5 — 6.2 1.6
25— 10 6.0 0.3 - 7.3 1.8
10— 30 6.5 0.3 = 6.2 | 1.2
30— 48 7.9 1.2 — | 48 ' 1o
2, 48— 69 8.2 3.2 01 4.4 4.6
69— 97 5.2 7.2 0.2 2.7 2.9
97— 104 8.2 i 0.2 2.9 10.1
104 — 130 8.3 iy 0.2 1.2 103.1
140— 84 | 4 0.1 1.8 100.6.
| |
0— 2.5 5.4 0.8 01 43 | 0.1
2515 | 5.8 0.3 — 1 48 =
15— 38 5.9 0.5 — 5.4 2.0
3. | 38— 350 | 7.0 2.8 0.1 1.8 ‘ 1.7
50— 69 7.8 4.4 0.1 ‘ 4.0 4.1
69— 97 | 8.0 6.8 0.2 | 35 | 49
97 —110 8.0 8.7 02 29 6.8
110—-135 ‘ 8.0 8.2 0.2 27 i 6.2
|
0— 10 5.6 0.4 SO X -
10— 25 ' 5.6 0.2 — | 48 =
25 44 5.7 0.5 - 25
1. 40— 66 1 6.9 1.5 ! = il 1.5
66— 91 | 7.8 4.4 0.1 3.9 l 2.6
99--112 8.0 8.0 0.2 1 33 1 10.9
115—135 7.9 9.1 0.2 ‘ 3.1 ¢ 1007
147 — 165 7.8 5.7 0.2 33 | 27
0— 13 52 | 04 — a4y .
13— 51 a8 0.3 = 57 —
5l 56 | 4.8 0.3 S
i 56— 69 6.3 0.4 = 8T 1 3.0
69— 89 6.7 | 04 — 1 84 | oug
97 —122 iy 0.6 — 6.8 | 6.8
135 — 158 7.8 0.8 s 4.6 1.3
183— T 1.9 — 3.7 | 1.4
I | i ‘

* Electrical conduetivity.
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48
soils of Sequence I.

Mgzt Nat Anions
(me/100 g) (me/100g) exlg.]fggge Exchange- (me/I100 g)
] capacity ablewNa“‘

goluble | exchang. M;SO, soluble | exchang. (me/100 8) '0 coi- HCO3 803~ cr-
1.9 0.8 3.1 20.5 3.5 9.8 36 — 0.1 21.7 2.4
0.1 2.6 8.2 9.2 18.8 29.0 65 0.1 0.4 5.9 2.9
0.1 1.4 15.9 16.0 30.0 37.2 81 0.2 0.4 13.1 2.5
— 0.9 20.9 11.2 29.6 40.0 74 1.1 0.6 7.7 3.3
0.1 1.6 23.3 10.6 26.6 34.4 77 1.2 0.6 6.5 3.5
0.1 2.5 29.1 10.1 24.3 32.4 75 1.0 0.5 5.8 3.4
0.1 3.8 26.2 9.6 22.8 30.0 76 1.2 0.6 4.8 3.5
0.1 3.7 36.0 8.7 19.3 29.4 66 1.1 0.6 4.4 3.4
0.1 4.5 44.8 6.6 18.8 25.4 74 0.6 0.6 3.0 2.8
0.1 20.8 — 0.1 0.7 J 32.0 2 - 0.1 0.1 =
0.1 25.6 - 0.1 1.0 37.2 3 — 0.1 0.1 =
0.1 28.8 — 0.1 1.7 37.8 4 — 0.1 0.1 —
0.1 27.8 0.9 0.7 4.5 38.0 12 - 0.3 0.3 0.3
0.4 24.6 3.8 2.2 7.2 37.2 19 — 0.3 1.4 1.1
1:2 23.1 6.1 5.3 8.7 35.6 24 — 0.2 3.7 2.6
1.4 21.5 1.0 5.3 8.8 33.6 26 - 0.2 1.2 2.4
1.3 18.2 30.0 5.2 8.3 30.4 27 - 0.1 3.8 2.7
0.7 17.5 23.8 5.4 8.3 30.0 28 — 0.1 2.5 2.5
0.2 8.9 — 0.1 0.7 19.4 4 - 0.1 0.1 0.1
— 10.3 — - 0.8 19.4 4 - - s =
0.1 20.1 — 0.1 1.6 28.6 6 - — 0.1 0.1
0.3 19.1 — 1.2 4.4 27.8 16 — 0.1 0.2 1.2
0.5 19.5 — 2:3 5.7 28.0 20 — 0.1 0.4 2.4
1.0 19.2 - 3.9 6.1 28.6 21 — 0.1 0.7 3.8
1.5 17.2 1.9 4.1 5.6 24.8 22 — 0.1 0.9 4.9
1:2 15.7 — 3.4 4.7 22.6 21 — 0.1 0.3 4.2
0.1 5.1 - — 0.5 13.6 4 — 0.1 — —
— 5.7 — — 0.5 12.4 4 — - — —
- 5.8 — 0.1 1.1 11.0 10 — - — 0.1
0.1 17.5 - 0.8 4.7 27.2 17 — — = 0.9
0.4 18.3 — 2.3 3.5 26.0 21 — — 0.1 2.8
1.4 16.3 5.8 4.3 4.8 24.2 20 — 0.1 0.3 5.6
1.3 13.9 - 3.4 4.5 20.6 22 — 0.1 0.1 4,7
0.8 16.7 - 2.4 4.6 24.0 19 - 0.1 0.1 3.2
— 2.8 - — 0.4 14.7 3 — — —
- 4.2 — - 0.4 13.7 3 — - — —
— 5.2 — - 0.5 12.2 4 — — — —
- 11.6 — 0.1 0.9 22.6 + - - e 0.1
- 11.2 — 0.1 1.2 22.2 3 - — — 0.1
— 8.9 - 0.2 1.6 18.6 9 — 0.1 = 0.1
— 7.4 0.1 0.2 2.2 14.2 15 — — -~ 0.2
— 6.4 — 0.5 2.2 12.6 17 — — 0.2 0.3

I
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Table
Chemical properties of
Cart
Profile Depth E.C* fmeftoo 2 —
No, (cm) ! PH (mmbhos/em) d -
! soluble exchang, Ca.aéog
| I
0— 3 | 7.2 31.4 1.6 3.9 I 6.3
3— 13 7.6 21.4 0.4 3.2 5.6
13 — 30 8.0 19.5 0.4 2.8 13.8
1. 30— 51 8.2 22.3 0.8 3.1 75.4
51 — 68 8.3 21.2 0.8 3.2 116.5
68— 94 8.3 20.1 0.8 1.9 131.2
94 — 140 8.3 18.8 0.5 1.9 114.5
Ground-water (mefliter) 100 7.2 19.3
0— 49 6.6 6.1 0.4 6.8 16.5
94— 13 7.6 7.2 0.2 6.6 17.4
13— 26 7.9 11.2 0.5 5.7 23.1
26— 36 8.0 10.6 0.5 5.0 42.9
2 36— 50 8.2 | 1435 0.8 5.1 175.4
50— 74 8.3 16.1 0.8 4.9 7.4
T4—115 8.1 20.1 1.1 | 3.8 064.5
115—160 8.1 23.7 L1 30 252.3
Ground-water (me/liter) 66 7.1 102.2
0— 10 5.1 1.9 - 2.5 1.6
10— 30 7.0 4.6 — 5.6 3.2
30— 40 7.5 8.7 0.3 4.2 5.3
3. 40— 66 7.7 10.1 0.3 4.2 6.8
66 —120 8.0 12.8 0.7 4.5 42.7
120—145 | 8.0 13.9 0.8 5.9 83.4
Ground-water (me/liter) 80 ! 6.8 106.9
0— 13 | 4.8 0.6 — 0.7 2.1
13— 30 4.8 1.0 — 0.3 | %y
30— 38 5.2 1.8 0.1 3.1 4.0
| 38— 42 6.5 5.2 0.1 4.2 4.4
4. P42 53 7.3 | 14 0.2 £1 6.2
| 53— 41 75 | 0.6 0.3 9.8 | 5.2
71— 84 7.9 | 134 0.8 8.7 49.7
84— 117 3.0 13.1 0.7 8.8 89.9
117 —148 7.9 13.0 0.6 4.9 57.8
sround-water (me/liter) | 92 7.2 | 68.9
0— 13 5.2 1.0 - 1.8 | 2.5
13— 25 5.2 0.6 — 1.7 2,1
5 8t 5.2 0.4 = 15 | 21
37— 46 5.3 0.5 — 2.2 1.1
3. 46— 57 5.3 1.0 — 5.6 ! 3.6
57 — 68 6.1 1.8 - 4.6 2.3
68— T4 7.1 1.8 - 4.5 3.5
74— 84 | 7.8 2.6 — 4.8 3.9
No ground~water at 150 cm 54 —100 | 7.9 2.3 — 5.5 7.3
depth. 100 —125 ‘ 8.0 25 - 5.8 11.4

* Electrical conductivity.



AGROKEMIA ES TALAJTAN Tom. 14. (1965) Supplementum 257

2]
P

soils of Sequence II.

Mgt ‘ Nat . Anions
(me/1u0 g) (me/100z) ekglt{{:g:ge Bobange- (me/100 g)
capacily ablely;\ at :
soluble | exchang. M';(?(')J soluble | exchang, (mef100 g) = CO%* HCO3 ' 503_ G-
3.3 6.0 4.6 14.8 7.8 21.3 37 — I — ‘ 0.9 20.6
1.2 8.9 2.3 11.7 7.4 24.3 30 — | 01 0.8 13.4
1.3 8.8 7.4 12.6 8.3 25.2 33 = 0.1 0.9 15.1
1.8 8,2 19.3 15:2 8.3 23.9 35 s 0.2 0.9 18.1
1.90 7.9 26.2 17.4 7.8 23.9 33 0.1 0.1 1.0 20.6
15[ T 32.8 16.7 7.6 22.6 34 0.1 0.1 0.9 19.8
L3l 9o 28.6 14.3 10.9 21.3 51 0.1 0.1 0.8 15.0
135.4 608."7 I - 5.5 27.5 17569
0.6 Tl 12,9 2.5 2.3 20.0 11 — | s 0.2 3.5
05 7T ] 18 3.9 5.7 23.9 24 — 0l 0.5 1.5
08| 84 | 17.0 7.4 6.5 25,2 26 - 0.1 1.1 9.3
0.8 8.5 21.6 %0 8.0 24,8 32 - 0.1 1.0 8.5
1.1 8.0 35.7 9.3 8.5 23.9 36 —_ 1 1.1 10.7
| %! 8.5 15.0 10.6 9.8 25.2 39 - 0.1 1.1 12.5
1.8 9.4 10.2 12.5 12.7 28.3 K - 0.1 1.3 | 151
L7 | 3.l 16.3 | 10.4 7.0 14.8 2L |- 0.1 0.8 | 129
174.8 | 586.9 | R 4.6 | 43.8 8185
0.1 3.1 — 0.4 1.0 9.6 | 0w - = = | 0.5
0.3 S8 0.7 2.1 5.3 243 22 — 01 02 23
0.5 8.2 3.1 5.2 7.8 25.7 30 0 — 01 ] 04 5.7
0.8 8.6 1.4 8.1 1L.0 20.1 38 . — 01 | 05 X
1.8 0.2 3.5 10.0 14.3 34.3 42 1 — ‘ 0.1 0.5 11.8
1.3 9.2 7.5 11.3 15.2 36.1 12 — o0l 0.4 13.5
177.6 630.4 i b= 3.0 25.2 | 890.3
oi| 17| = 0.1 0.2 74 | § | = = 0.1 0.1
0.1 1.4 = 0.2 0.4 | 6.5 6 — — | 01 0.2
0.3 5.8 1.1 1.5 2.8 17.4 16 — — 01 1 20
0.3 7.0 0.1 2.0 19.6 21, = 0.1 2.3
0.4 7.7 1.1 3.2 5.9 23.5 25 = = 0.2 3.8
0.6 7.8 2.1 5.1 6.6 248 | 27 — — 0.3 6.0
1,2 8.0 4.4 8.2 8.3 27.0 31 = 0.1 0.3 9.9
1.0 8.8 9.2 Tl 11.0 31.3 35 = 0.1 0.3 9.4
0.9 9.8 6.8 7.8 13.9 36.5 38 - (U8 SRR 9.6
110.3 369.6 - 2.1 10.1 | 533.6
0.2 1.2 — 0.1 0.2 6.9 3 = — 0.1 0.2
0.1 1.1 — 0.1 0.2 6.1 3 = — s 0.1
— 1.4 — 0.1 0.3 6.1 5 — — - 0.1
e 2.3 0.5 0.1 0.4 6.1 7 — — - 0.1
— 5.6 0.3 0.3 2.4 16.1 15 — —_ — 0.3
— 4.9 0.7 0.4 2.7 12.6 21 — —_ - 0.4
— 5.0 0.4 0.4 3.8 13.5 28 - —_ — 0.4
0.1 5.1 0.7 0.6 3.6 13.9 26 - — 0.1 0.6
0.1 6.9 0.7 0.7 5.2 19.1 27 — 0.1 0.1 0.6
0.1 6.9 2.0 1.0 5.6 19.6 29 - 0.1 0.1 0.9
1

17
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percentage with proximity to the surface. Exchangeable Ca*, on the other
hand, is higher in this profile and is most evident in the upper 69 cm and
below 104 cm.

Of particular significance is the dramatic increase in exchangeable Mg?*
in this profile as compared to the first. Whereas the exchangeable Mg?*
varies from 17.5 me/100 g below 140 ¢m to as high as 28.8 me/100 g between
10 and 30 em, the maximum was only 7.5 me/100 g below 125 em in the first
profile. Consistent with the increase in exchangeable Mg**, precipitated Mg
decreases markedly from the lower horizons upward. No Mg as carbonate
remains above 30 cm.

Initiation of leaching has decreased soluble salt concentration markedly
within this soil, especially near the surface. Removal of soluble CO:~ and
HCOj has resulted in lower pH and increase in solubility of precipitated car-
bonates, particularly Mg. With increase in Mg** activity, Na* has been readily
replaced from the exchange complex by Mg+ and has been leached from the
profile. Whereas carbonate of Mg is present in greater quantity than carhonate
of Ca throughout most of the first profile, the relative abundance of the two
components is reversed in the second profile.

The third and fourth profiles in the sequence illustrate more advanced
phases of leaching as exemplified by lower concentrations of soluble salts,
lower pH, virtual absence of precipitated Mg and considerably smaller quanti-
ties of precipitated Ca, especially near the surface. In profile 4. soluble Na*,
Ca**, Mg**, HCO;, CO;~, SO{~, and CI~ are absent in the upper horizons
but are still present in relatively small concentrations in lower horizons.

The last profile in the sequence is essentially free of soluble salts with
the exception of a small amount of NaCl in the lower horizons. Precipitated
Mg is gone and precipitated Ca is present in the lower horizons only in small
quantitites. Persistance of Ca’* after removal of Mg2+ reflects the difference
in solubility of the two components during leaching.

It is significant that exchangeable Ca®* is generally higher in the last
profile than in the preceding ones and that exchangeable Mg+ has decreased
generally from profile 2. to profile 5. The Mg®* which entered the exchange
complex early in the leaching cycle has slowly been replaced by Ca?* from
less soluble CaCO, and by H* through hydrolysis. The acid, upper horizons
undoubtedly contain appreciable exchangeable H*.

Sequence 11,

Soils in the second sequence have been influenced by relatively high
concentrations of NaCl (Table 2.). The ground-water which rises to within one
meter or less of the surface of the first four profiles during the rainy season
contains up to 630 me Na* and 890 me Cl~ per liter (under profile 3.). It carries
lesser, yet relatively high, concentrations of Mg?*, Ca?*, and SO~ and rela-
tively low concentrations of HCGy,

As might be expected from the composition of the ground-waters, exchan-
geable Na* percentage is relatively high throughout the first three profiles
and in lower horizons of the last two profiles of the sequence. Exchangeable
Na* percentage is at a lower level in the first profile, however, than in the
first profile of Sequence I. Exchangeable Mg?* and Cla®*, on the other hand,
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are higher in the first profile of this sequence. Distribution of exchangeable
cations in the first, saline profile is a reflection of the concentration of soluble
iong in the ground-water and of the relative adsorptive capacity for the ions
involved.

Despite initial differences in the saline end members of the two sequences,
chemical changes induced by leaching have been similar in both vertical and
horizontal dimensions.

Both soluble cations and soluble anions decrease in concentration with
proximity to the surface in all but the lowest, non-leached profile in the
sequence, and there is a general decrease in concentration of soluble salts
progressing from the lowest to the highest profile. Exchangeable Na*, rela-
tively uniform in distribution throughout the first profile, shows a progressive
decrease with proximity to the surface in the remaining profiles and the depth
to which Na* decrease is manifest increases progressively from profile 2.
through profile 5. Concomitant with decrease in exchangeable Na* in the
leached portion of profile 2. is an increase in exchangeable Mg®* and (a2+
which again, as in Sequence I, reflects solubilization of precipitated carbonates
of Ca and Mg during leaching. In succeeding profiles in the sequence, exchan-
geable Mg** and Ca** show a concentration distribution pattern similar to
that exhibited by Na*. This is attributed to the influence of hydrolysis and
entrance of H* jon into the exchange equilibrium as a resulf of leaching.
Influence of H* is reflected by the low pH exhibited by the leached portions
of the profiles (as low as 4.8 above 30 em in profile 4.).

The magnitude of chemical changes induced by leaching in Sequence I1
is generally less than displayed in Sequence I. This is attributed to the fact
that soils in Sequence IT are still affected by relatively high ground-water levels
during part of the year, which partially reverses or represses the change induced
by the predominant influence of leaching.

Conclusions

Evaluation of effects of natural leaching of saline-sodic soils in the two
sequences studied leads to several rather definite conclusions,

Leaching of these soils has proceeded in a regular and consistent manner
regardless of differences in initial salt concentration and composition. Removal
of soluble and exchangeahle Na* is accomplished early in the leaching cycle.
Decrease in exchangeable Na* is greatly accelerated by solubilization of Mg?+
and Ca®*, present in these soils as precipitated carbonates, and their sub-
sequent entry into the exchange complex. .

The role of Mg?+ during solonization and solodization of salt affected
soils and its source has received considerable attention. RosT and MAEHTL [12}
and Ervis and CALpweLL [5] have suggested that Mg** may be responsible
for dispersion of clay in solonized soils. RIECKEN [11] and BArsHAD [2] have
suggested that the presence of Mg?+ ions in high proportions in many solonetzic
soils is due to release of Mg2+ by weathering of Mg-bearing minerals during
the soils’ evolution. Data obtained in the present study indicate that the Mg?+
and Ca’* evolve by solubilization of precipitated carbonates of the two bases
during leaching, as suggested earlier for similar soils by KELLEY [9] and
WHhITTIG [13], and that replacement of adsorbed Na+ by Mg?* and Ca2+

17%
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occurs early in the leaching cycle. The relatively high exchangeable Mg?* in
these leached soils, which also display morphological features of solonetz,
gives them properties similar to the so-called Mg-solonetz. The question regard-
ing the possible relationship between Mg®* and development of solonetzic
morphology is not clear and is the subject of further investigation.

Replacement of Na* by divalent cations does not lead to accumulation
of Na,CO, in the soils studied. Under the influence of leaching, soluble CO%-
has been removed at a faster rate than have the other soluble anions such
as C1= and SO2-. Development of appreciable alkalinity as a result of hydro-
lysis of Na-clay under the influence of active leaching, a mechanism suggested
by Geprorc [6], Cummins and KELLEY [4], Cummins [3], and KeLLEY [10]
would appear to be of small significance, or possibly of a transitory nature,
in soils containing Ca or Mg carbonates.
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EcTtecTBenHbie Mpolecchl BbIlENaYHBAHHA B HEKOTOPhIX 3aCOJEHHBLIX
nouyax KauudopHuu

SAHHLKHH, II. w BUTTHL, J. ]

Oraen [lousopepenwsi u [lutanus Pacrenuilt Hanndoprniickoro YHusepcurera, Hesuc,
Hanugpopuna, CIIA

Peswme

CbéMKa 3aconesHLx nous B KanudopuuK PeaKo npocTHpasiach 3a npejessl Mop(posorH-
YEeCKHUX ONMCAHHMH MIIM YaCTHYHBIX XHMHYECKUX aHAJIM30B B MPAKTHYECKHX LEJIAX MCIHOpaluH.
OTeyTCTRHE MONHOUEHHLIX JAHHBIX O JIEKOPACTBOPUMBIX CONISIX M OOMEHHBIX OCHOBAHMSIX B
0/1HOIT 1 'TOl1 JKe TIOYBE, PABHO KAK M B NOYBAX, XAPAKTCPHLIX JUIA ONPEENIEHHOr0 Naniwagra,
BBLIBLIBAET TPYAHOCTH I[IPM PeElIeHHH BONPOCOB TEHETHYECKOro MNopsaKa.

B ueisaxX Jyumero 03HAKOMJICHHS C PAa3BHTHEM HEKOTOPBIX THIIMYHLIX SaCOJEHHBIX
nous HanudopHuH, HeKoTopble NPOQHIN PACCMATPUBANHCH KAK (adkl HEKOEro psja TOuB, B
KOTOPOM OMPeileleHHble CBOHCTBA AODKHL 00HAPY)KHBATE JHG0 CXOACTBO, D0 U3MCHCHHE B
3aKOHOMCDHOM MOpPsAKE M HanpaBJeHHH.

Ipa TakHx psiia No4s ObLIM BLIOPAHbI H3 PaSHLIX mecTHOCTeH, Kapii 3axmiodaer B
cefe TONHLIED JMAMAS0H OT COMOHYAKA €O calopASBHTLIMI MODGOIOrHYECKHMH TPH3HAKAMH
710 TPOMBLITON NMOUBLL ¢ cHABROM Auddepenupanuedi npoduna. HMexoprse cOCTOAHUSA B 000uX
pSTAAX 3HAUMTENIBHO OTIMYAKTCS APYT OT Apyra peaKiHell, KOMHUeCTBOM H COCTABOM costeii 1
00MEHHLIX OCHOBAHMH.

B nepsos psaay, PACIONOMKEHHOM HEAOJAseKy OT KpaiiHe SacONeHHELIX HNPHMOPCKHX
$OJ0T, OGHAPYXKCHA OTHOCHTCIILHO BLICOKAS KOHLECHTDALMSA HeifTpalbHEX comeil, ocoGenHo
NaCl. KojuuectBo 08mcHHOro Na+ yBCIHUMBACTCS C NEPBBIX JKe CTaMil BLILESaYdBaHHA
IPOCPECCHBHO OT BEpXHUX FOPHIOHTOB K HIDKHIM YacTSM IMOUBL B KKAOM Hpoduie psja.
ABCcoa0THAS KOHICHTPALHS €r0 0IHAKO NOCTENEHHO YMEHBLIAGTCA B COOTBETCTBYIOIMX CIOAX
¢ JaibHEHITHM BLIIeJAuMBAHMEM, BLITeCHAACh B ocHopHom Ca?+.

Koauuecrso odvenHoro Mg#+ ocrtaercss MOCTOSIHHO BBICOKHM 4epes BCe rOpPH30HTH! BO
BCeX TIPOQHIAX, He3ABMCAMO OT PCAKLIM HIM KomiuecTna cosiell, TOMBKO B TOCHETHAX ABYX
NPOYHIAX erd KOHUCGHTPAIMS CICTKA NOHMIKACTCS Y MOBEPXHOCTH, BCIEICTBHE oOmeHa Ha
H+ o Cat,

O6mennmpii Ca2+ oTpaskKaet ropasio ciiabHee, yes Mg?s, BIHSHIC NPOLECCA BLIMBIBAHI
TeM, WT0 KOJIYecTBA €ro B 3HAUMTEJbHOH Mepe KoachmwTes 1o B CBA3H C Hapacraronteii
KHCJAOTHOCTBIO B 97I0BHAJIBHLIX TOPHU30HTAX, JH00 33 CUET YBEJHUHBAKOUICIOCST KOJIHYECTBa
ofaenroro Na+ B HIDKHHX ciosx, Hoanvecrso Ca®+ [10CTHIAET PABHOMEPHO BLICOKHX BeiH-
WITH TOJNLKO B CAMOM TOC/IeideM Ipoduie, B KOTOPOM coileycToilunpasi pacTHTeNLHOCTh Npe-
AbLAYINHX  npogisiell BEITECHEHA TI'YCTHLIM TPABSHBIM I10KPOBOM.

3acAy)KHBAGT BHUMAHHSL TO OBCTOATRNLCTBO, YTO TPOLECC BLINICAAYMBAHMS B OTOM
pAAY MpoTeKaeT Ha (oHe NMOWTH MONHOro orcyrersust uoHo HCOz +- CO3~. Qomennbiil Na*
YAANSNETCS U3 BEPXHHX TOPH3OHTOR MOUTH 0jHOBpeMeHHo ¢ Nat 0es 03iaemprx TIOCTICACTBHIT
PIIN0JIH3A,

Bropo# psii MOUB PACOONMKEH HAa BHYTPCHHHX [IPOCTPAHCTBAX WTATA B AOTHHE DEKH
CaxpamMeHTo B HIDKHEM €¢ TeHeHHH, KyJa COJIi [IPHBHOCATC BoJaMi U3 OKPYHalomix paitonos.
Broxumuueckue peakipy, TPOHCXOIsIHe B MOHMKEHHBIX YACTSIX MECTHOCTI H ONHCAMHLIC B
JAPYrLOM MecTe, HPHBEIH K CHABHOMY HAKOIUIEHHIO JIETKOPACTBOPHMLIX 1KapOOHATOB B IepBOM
npoduie. Peaxiliisl IOCTHTAET SHAUHTCIIEHO DOMBIIIX BEJIMYIH, HEMKEN B COOTBETCTBYIONICH
rouBe TEpBoro paAa. OOUAs HCXO/HAST KOHIEHTPAITSA cosieil 0HAKO TOPasao HibKe. Hecmorpsa
Ha 9T0, MoYBa B ropasfo Goablieil cTeneHd HacolieHa Nat, T. K. OTHOMICHHC Nat k Ca*+ -|-
4 Mg*+ B pacTBOpe MpEBLILIAET B BCPXHEM I'OPH30OHTE NPHOIHS. B 15 pas 910 yKe OTHOWeHHE
B NCPBOH nouBe MpeALIyero psiga, O0mennoiit Mg+ B 3HauuTeNbHOH Mepe I0JIaBJIeH, a KO-
wecTBO oOMeHHOro Ca* yMeHLWACTCH ¢ Bospactaioueil rayOHHOil 10 HE3HAYHTC/ILHLIX Be-
SIHYHH,

BompexH TAKHM GOMbIHM PACXOKACHHSIM B HCXO[HBIX M04BAX 000HX DSIA0B, TIponecc
BLILEAATHBAHISE TIPUBOAHT K JIOYTH TOMIECTBENHBIM H3MEHCHISAM KaK B BEPTHKAJILHOM, TaK
il B rOPH30OHTANBHOM Hanpapiexud., Honnentpauust HCOz + CO§~ nonmaercs © TaKoil e
dnicTpoToit kKak M Kosuuectso ofmedHoro Na+. Koangecrszo Ca?* meJUIeHHO BO3PACTAET B BCPX-
Heit wactin npoduneit mo mepe curdxennst pH. Mg?+ asnsieTcss rocnoicTBYOIHM 00MCHHELIM
HOHOM BO BCEX TMPOMHISX, HAXONAMMXCS B CTAAMI BLILCTAYMBAHHS. AOCOIOTHLIE €T0 KOH-
HEHTPAIMI JIOCTHTAIOT eme 00Jiee BHICOKHX BEJIHYHH, YeM B MepEOM PAAY. ITa MocselloBaTe/ b=



262 JANITZKY & WHITTIG: Natural Leaching in Salt Affectod Soils

HOCTL B LODEACHHH Mg#+ B TeueHie NPONECCA BhimeNAUMBAHHS 3ACONEHHBIX [10YR SABJIsIETCST
TPEAMETOM MaMbHeliX HCCAEN0BAHMI BOMPOCOR, KACAIMLXCA TAK HAZ, MAarHHeBOI'0 COJIOHHA.

Crienyiouine BLIBOALI MOYKHO clesaTh M3 TOJYHEHHBIX JaHHbx: 1. Tlpouecc B pasex
BHIAX 3aC0JICHHLIX NOYB NPOTEKAET B BECbMA 3AKOHOMEDPHOM I TOCIIE0BATENLHOM IopsiKe,
HE3ABHCHMO OT HCXOAHOI0 KOJIHUECTRA 1 COCTaBA coflefl, 2. YaaneHie Na+ He Bbmbnact 0Gpaso-
panns Na,COy B Tex coryyasix, KOI/Ia 914 COMTb HAKOMHIIACH B TEUEHHe Gosice paHHAX cTaauii
(1043000 PA3OBAHUST, OHA BHIMBIBAETCS IOPA3L0 DBICTPEE, uem APYTrue JIerKopacTBOPUMBIE COJIH.
3. B kaxoit hopme NpHCYTCTBYIOT ABYXBAICHTHbIE KATHOHDI, NIPeXie YeM NoYBa IMoJBepraercs
BEILLEAUMBAHMIO — JTOT BONPOC ABJAETCS BTOpOCTENCHHRIM. [ajce OYAYYH OCaXKAEHHBIMH
B BHIe KApOOHATOB, OHHU OTHOCHTEIBLHO OblCcTpo mocTynamT B pacTBop, ocofeHHo Mg+,
H BLITECHSIIOT 0OMeHHHIT Na* 0e3 3aMCTHOrO yBenMUeHHS KOJTHUECTEA HCO- + COz-.
4. HefictBurentHeni runpoaus Na, nTpHUBOsIIME K 00pazosauuio NaOH u Na,CO, B Teuenne
TIPUMBIBAHUST, BOSMOKEH 0YEBHIHO TOJBKO MPH FIOJHOM OTCYTCTBHH Ca®+ u Mg+ B nouse, uro
NPE/ICTABIACTCS COMHUTE/IBHLIN B €CTECTBEHHBIX YCIIOBHSX.



