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Inundations with seawater — as a result of stormfloods or due to war
actions — never have been rare in the Netherlands. In the flooded areas the
salt-concentration of the soil moisture may amount to 500 me. per litre,
of which Na(Cl covers more than 400 me. But not only concentration and
composition of the soil moisture change, also the relations between the various
adsorbed cations are influenced by the inundation (Table 1.).

Due to this high exchangeable sodium percentage the flooded soils get
the character of sodic soils and a decline of structure of these soils is observed
as soon as the excess of electrolytes has been leached. The exchangeable Na™*
indeed is replaced later by Ca2* but this process takes time (annual downward
waterpassage in normal soils equals about 200 mm) and cases have reported
that full regeneration of structure took 20 years.

Measures to prevent or to reduce the deterioration of structure always
roused the interest of scientists and of practical farmers. After the floods of
1906 HissiNk [2] — but he was not the first Dutchman dealing with the
subject — carried out in his laboratory some leaching experiments with saline
soils. Judging from these experiments HIsSINK applied gypsum on some
experimental fields after the floodings of 1916. It was only after the small
geale war inundations of 1939 and 1940 that gypsum was applied in practice.
After the inundations of 1944/1945 and the disaster of 1953 application of
large amounts of gyvpsum was a general use.

Time of application of gypsum

About 20 years ago (Domixgo [1], Rowaan [4]) it was thought that
gypsum should be applied only after the bulk of the salt had been leached
and the concentration of the soil moisture in the top layers had been lowered
down to --110 me. per litre. At that concentration the collapse of structure
would not yet start on the one side, but on the other hand the exchange of
Ca?* with adsorbed Na* would be favoured by the lower NaCl-content
of the soil moisture. Even other arguments for a late application of gypsum
could have been adduced (exchange of adsorbed Na™ with Ca’* due to the
dilution effect or due to the slow but undeniable natural regeneration process).

These arguments are not so strong as they perhaps seem to be. First of
all Vax pER MorLEN [3] pointed out that the leaching of the salt in the few
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Tuble 1.

Tonic composition of normal and flooded Dutch soils

Exchangeable cations in ¢}, Na* ’ K+ I Mget Caz*
Normal 800l ..ovpmmmasan we o ae oo svres o o o6 1 2 4 93
Soil flooded with seawater ,................ 25 7 26 42
Soil in frequent contact with seawater..,.... 32 8 36 24

topmost centimeters proceeds so fastly and the gypsum dissolves so slowly,
that the Ca®*-ionsmainly enter layers which have already lost a good deal of the
salts. Another difficulty lies in the fact that there is no sharp point of collapse,
the swelling of the clay particles (the first beginning of the decline of structure)
proceeding, below a relatively high threshold value, gradually with decreasing
salt concentration, and, moreover, leaching intensity varies considerably over
short distances. A practical objection against use of gypsum after partial
leaching is that the ‘“right”” moment in Holland generally is reached during
the first winter after drainage and then the land is too wet to be treated with
heavy dressings of gypsum. Last but not least, experiments showed that appli-
cation of gypsum after leaching of the main part of the salt caused a delay in
the regeneration of the structure, which delay is unaceeptable with regard to
the intensively used Dutch soils.

On the contrary, the present opinion with respect to the time of applying
gypsum is: the earlier the better. In this way temporary decline of structure is
prevented or at least reduced substantially and hence the intake rate and the
capillary conductivity of the toplayers is kept to the mark. The better the
intake rate of the soil, the less rain is lost by runoff. Dressing with gypsum
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has two effects: The concentration of Ca2*-ions in the soil moisture is increased
and the downward passage of rainwater is facilitated. Thus the exchange of
adsorbed Na* is promoted as well by the presence of more Ca?*-ions and
by a faster removal of the reaction produects. As shown in Figure 1. gypsum
given before the decline of structure starts, gives a faster lowering of exchan-
geable Na*-figures than gypsum given after collapse of structure.

If the quantity of gypsum given is the same for both treatments, the
stronger lowering of the adsorbed Na* after an early application can be caused
only by a larger water passage. More water passage through sodic soils as a
result of a better structure of the soil surface has been demonstrated by
VERHOEVEN [6] and c.g. in the fields of Figure 1. (as far as sampled at the
right time) the downward passage of water during the winter 1946 —1947
was 89 mm for the zero plots and 115 mm for the plots which got an early
dressing of 12 tons gypsum (for the method of caleulating water passage from
salt values see VERHOEVEN [5]).

Leaching as influenced by structure

A bigger downward passage of water (in consequence of a better struc-
ture) must involve a more substantial removal of salt from the goil. Indeed,
the salt content (down to 80 em) of the plots treated in good time with 12 tons
of gypsum was during three subsequent years always 40 —60% lower than that
of the untreated plots.

FEven more interesting were the data obtained on fields where various
chemical amendments had been applied (Figure 2).

The effect of these amendments on structure and hence on water passage
and desalinization depends upon two factors, viz. the amount of Ca®*-iong
applied and the solubility of the related chemical. It has to be mentioned
that the ratio between the Ca2*-ions brought on the soil with respectively
CaS0, - H,0, CaCl,, Ca(OH),, and S was as 1:0.7 : 1 : L.5.

The largest water passage could be expected in the CaCly-treated plots,
but the relatively low quantity of CaCl, used and the Cl™-ions brought into
the soil (salt content was measured via chloride determinations) allowed only
for a second place in leaching. The gypsum effected the fastest leaching, the
solubility indeed being lower than of the CaCl,, but the quantity used being
higher and anyhow high enough to keep the permeability of the topsoil up
to the mark. The leaching of the slaked lime plots lagged behind, due to the
low solubility of the CaCO, in which the slaked lime is changed largely, soon
after application. The zero-plot where regeneration of structure was completely
dependent upon the slow dissolving of the CaCO; present in the soil, showed
the tardiest progress of leaching.

Most interesting was the effect of the S. This amendment only works
after microbiological oxidation and reaction with the CaCO, present in the
soil, resulting in the formation of gypsum. The 8 had been applied in autumn
1946. Autumn and winter temperatures hardly allow for any oxidation
hence an influence on rate of leaching was only slight. But during the
winter after the warm summer of 1947 the meanwhile oxidized S promo-
ted leaching as could be expected from a comparable (high) dressing of

gypsum.
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Table 2.

Relative salt content of topmost 40 cm in 1947,
(mean values of 7 experimental fields)

12 tons of gypsum applied in

Treatment, | No gypsum
| autnmn 1945, | autumn 1948,
Relative Spring 100 48 ‘ 75
salt content| Autumn 1411 83 125

! This corresponded with 0.55 ¢ NaCl per kg of dry soil, being too much for sensitive crops.

Due to the low salt values water passage could not be computed accurately
for the second winter, but during the first one, water passage for the zeroplot,
the CaS0,-, the CaCl,-, the Ca(OH),- and the S-treated plot was respectively
46, 120, 76, 59 and 63 mm.
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Another example of the advantage of a fast leaching due to an early
application of gvpsum may be cited for the dry summer of 1947. During sum-
mer the total salt content in the topmost 40 ¢cm (being the most density rooted
part) of the soil increased as a result of the capillary rise of more or less saline
water from the subsoil. The more leached the subsoil the lower the increase
and the final value of the salt content of the topsoil. The advanced subsoil-
desalinisation of the plots treated with gypsum in 1945 (as compared with
the 1946-trcatment) was reflected in the low salt content of the topsoil
(Table 2).

Discussion and conclusion

A good structure of the topsoil being of predominant importance with
respect to the leaching of flooded soils, it is a step forward to abandon the
former idea of applying gypsum after partial leaching and instead, now to
apply gypsum as soon as possible. In practice this means that the first
dressing is given before the first leaching period (winter). It is not recom-
mended to give more than 7 tons at once, this being the amount which is solved
during a Dutch winter (VAN DER MOLEN [3]). In case theflooded land is drained
in spring, asmall amount of gypsum is given shortly after reclamation. The effect
of an early application of gypsum as compared with a late one depends also
upon the distribution of rainfall during the leaching periods. Very equable
distribution of rainfall lowers the advantage of an early dressing.

Summary

Never in history flooding with seawater (due to stormtloods or to war action)
of low lying Dutch areas was rare. After recession of the seawater and after lowering of
the salt content of the soil by leaching, the flooded soils show some typical features of
sodie soils (ESP values up to 30, bad structure and in case of repeated floodings some-
times even formation of a textural B-horizon).

The improvement of structure is brought about by large dressings of gypsum.
About twenty years ago it was recoramended to apply gypsum only after the bulk of
the salt had been leached. However, experimental fields showed that decline of structure
wag prevented easier by application of gypsum on fully salinized soils than on partly
leached soils. Moreover leaching efficiency of the precipitation proved to be larger on the
early treated plots than on plots which got a late dressing of gypsum.
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BbllllelaunBaHKe 3aC0/IeHHBIX NOYB
B pe3yibTaTe NpUMEHEeHHs T'HIca

B, BEPXOEBEH

Toupennslit oTaen Ynpasnenwsa Passutna u 3acenenus 3yiinepaeenonsaepe, Kamnen, Fonnanoua

Pezwme

B xojie MCTOpHH MHOTO pas enyyanock, 9TO rOJNAHACKHE TEPPHTOPHH, JICHKAIHEe HHKe
YPOBHsI MODsi, 3aTOMNISLTHCL MOpeM (B pesyJibTaTe 0ypb MM BOeHHBIX Aeiictsuii). Ilocme o1-
X0Ja MOpst M CAEIVIONEr0 3a 3THM CHHYCEHHS] COLEPIKAHMS COMell TIyTemM NMPOMBIBAHNS TIOYBHI,
ObiBuiHe T0Z 3aTOMJEHIEM NOYBLI MPHOODETAIOT HEKOTOpHIC XapakTepHbIe IS 3aCOJeHHBIX
nous ceoiicrea. (KomuuecTBo 00MEeHHOrO HATPHST 10 3095, HCONArOTIPHATHASI CTPYKTYPa, a Tipll
TIOBTOPAIOINEMCS] 3ATOMIEHHH M 00PA30BaHME OCTPYKTYPEHHOro TopuaoHTa B.)

YiiyduleHHe CTPYKTYPBI TNPOBOJMTCS MYTeM BHECEHHSI GOJBLIOTO KOJMUYECTBA CHIICA.
Oxoso 20 Jier Tomy HA34[ THIC B TIPAKTHKE NPUMEHSJH TOJBKO [OCIE NPOMBIBKH OCHOBHOI
Macel coich. PesyiibTatsl, MoTyYeHHble HA ONBITHHIX TeSHKAX, TOKA3ATH, UTO JIerde BOCIIpe-
TSITCTBOBATL PASPYWIEHHID CTPYKTYPbI, €CJIM BHOCHTL THMIC HA HACBIIEHHLIX COJSMM, a He Ha
¥#Ke HACTHYHO NMPOMBITOH Touse. Kpome Toro, va aensinkax, rie PHIC BHOCHIH PAHbLIE, BLIe-
“lauHBaloniee JeicTBie 0CANKOB TAKGKE 0KA3ai0Ch 00Jice AiCTBEHHBIM, ueM TaM, TAE THIC
BHOCHJICA MO33Ke.



