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Commonly in the Argentine Republic we give the name of “suclos salitro-
sos”’ to those soils affected by several processes of alkalization. These soils
occupy huge areas in the dry and semi-arid regions of the country, existing
also in areas stretching over several millions of hectares even in west regions,
as for example the lowlands of Buenos Aires Province, the south of Entre
Rios, the middle of Santa T'é, the west of Chaco and IFFormosa and so on.

These soils, totally or partially unproductive, spread out more and
more due mostly to the over-grazing which is currently practiced in nearly
all the country.

This work is restricted to the recovery of sodic soils in the semi-arid
region, especially to the west of Buenos Aires. The common chemical methods
(such as gypsum, sulphur, sulphuric acid and so on), used on irrigation lands
are inapplicable because of their high costs in relation to the land value and
also because of the lack of irrigation water and suitable drainage.

Their low permeability in natural conditions, place these soils among
those classified by BrAck [1] ““as unrecoverable under the present economic
conditions’,

Thig adds new interest to the finding of simpler and cheaper methods
to bring about their recovery. Among these, we believe that the hiological
processes described in this work deserve to be tested.

Materials and methods

The soils studied were of soils of varying textures, generally with little
or no structure and having in all cases an impermeable layer in some horizon.
This gives them the general characteristics of lands which easily flood, especially
during periods of heavy rain. In wet regions we can find these soils in the
low poorly-drained areas.

The presence of salts such as chlorides or sulphates is generally low and
very often these salts are found only as traces. However the pH is very high.
In the superficial layers of soils during the period of drought we can found
pH values of 11.6. Between 20—50 cm. there is generally a hard layer very
rich in calcium carbonate.

We have worked particularly with the alkali lowlands in the C. R. E. A,
group of Pirovano-Bolivar, but this method is being tested in irvigation
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zones of the Rio Negro Province and in many other Argentina provinces
such as Santa Fé, Chaco, and Dérdoba.

The process of recovery begins with the sowing of a very rustic species,
such as the “broom corn” (Sorghum technicum ) a producer of a large quantity
of cellulosic materials.

Generally the sowing results are unequal; as a matter of fact in places
with very high pH-values the plants fail or remain very poor. In regions of
better soils they often reach heights of more than 6 feet. Afterwards the
“broom corn’ is subjected to an intensive grazing period with 8 ~10 cows
per hectare for a time sufficient to permit the cattle to consume 60—1709,
of the pasture. The remainder of 30—40%, is incorporated into the soil by
means of a “one way’’ plow or a heavy disk harrow (Goble disk Massey Harris).
This method leaves a thick stubble over the ground.

Besides reducing the cost of the process of recovery, intensive grazing
enables the equalization of the soil, eliminating the “spots” of barren soil,
Actually the cattle act as equipment to move fertility from the good parts
of the soil to the poor ones. This is facilitated by the preference of the cattle
to sleep in places without vegetation, the alkali spots. Under these conditions
large amounts of the dung and urine are left in these areas. Another important
factor is that in the excrement of the cattle there is a microflora with a great
quantity of anaerobic bacteria, which attack cellulose and other polysacchari-
des. Tests made in the laboratory seem to prove the lack of anaerobic cellulose
bacteria in the alkali spots; that is why the addition of dung acts as a “starter”’,
which accelerates the decomposition of cellulose.

The importance of the anaerobic decomposition of cellulose and of
other polysaccharides in the production of substances that could be used
by the Azofobacter in order to fix the nitrogen of the air (MoLixa and QuUANT,
[3]) is of special interest to this aspect of the problem.

In the second stage of reclamation we proceed to the sowing of the
permanent pasture. It is done at the end of the autumn or at the beginning
of the winter using a mixture of plants, especially adapted to these soils,
such as “tall wheat grass” (Agropyron elongatum), “white sweet clover”

(Melilotus alba), “yellow sweet clover” (Melilotus officinalis var. Madrid ),
“high fescue” (Festuca elatior var. alta) and discarded alfalfa seeds from
the sweeping of barns, cleaning of seeds, an so on. The sowing is done over
the thick stubble mulch left by the “broom corn”. This mulch protects the
soil, lessening the evaporation and enabling the germination of seeds in such
difficult conditions.

The pastures planted by the method described gave excellent results
as forage and as seed producers. The “tall wheat grass” dominates in the
more alkali soils while ‘‘sweet clover” and “fescue” prosper in soils of better
quality. The most striking result is that, although the soils are easily flooded,
the few kilos of alfalfa which were sown produced a considerable quantity
of plants, and also a good yield of seeds.

Apparently the effect of the constant drainage by the roots of the
tall wheat grass enable the survival of alfalfa under conditions which are
generally considered limiting for its development.

As quantitative data of production, we can report that in the first 440
hectares reclaimed, the following results were obtained with regard to
livestock and crops;
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Before

1. A badly fed cow per 4 hectares.
2, Meat production per ha was very low.
3. There were no crops.

After

1. Two cows per hectare under excellent conditions throughout the
vear.

9. Meat production is nearly 200 kg/hectare/year, similar to that of
the best land of the zone.

3. A crop of tall wheat grass (Agropyron elongatum) seed is obtained.
In 1964, 25 tons of this seed were harvested from the 440 hectares, its value
being around US $§ 0.80 per kg.

These results have stimulated the application of this method in other
zones of the Argentine Republic and actually some 42,000 hectares of these
non saline-alkali lowlands have been reclaimed.

The production obtained from these lands that before were considered
uscless has raised their sale value.

During the rigorous droughts which have occurred in these zones during
the last three vears, these fields have constituted one of the best areas of
forage production.

Discussion of the results

After these spectacular results it was necessary to find a suitable theore-
tical explanation. The literature contained several works which have many
things in common with our method, but which always differ in that they
were done in irrigated areas and with the help of water and drainage.
We can mention the works of Singm [7], OVERSTREET ET AL. [5, 6] and
80 on.

On the basis of the results obtained it is our opinion that even without
irrigation water or drainage it is possible to try reclamation of alkali soils
without resorting to the utilization of chemicals. The principal factor that
regulates pH in alkali soils according to WHITNEY and GARDNER [9] is the
carbon dioxide concentration. If we succeed in increasing the carbon dioxide
in the soil atmosphere we can lower the pH very easily. In our investigations
(Morrxa and QuanT, [4] we can lower the pH from 11.6 to 6.5 by increasing
the carbon dioxide concentration in the soil.

As the salt content of these soils is generally low, once the problem
of pH is solved, it is relatively easy to install a permanent pasture. The respi-
ration of the roots of the plants of the pasture will maintain the carbon dioxide
concentration at a high level in the soil.

In theory the improvement of the soil could be permanent meanwhile
the pasture is not overgrazed, cspecially in summer. Overgrazing according
to HeEappEN [2] sharply reduces the respiration of the roots of plants and
in this way the carbon dioxide production is decreased.

We attribute the progressive alkalination and desertation of regions
which have formerly had excellent natural pastures, as for example the
west of the Chaco and Formosa, to the continuous overgrazing of these regions.
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Summary

We are testing on a large scale employing over 42,000 hectares a biological method
for the reclamation of sodic soils in a semiarid region, without using irrigation water or
drainage. This biological method has given so far very good results.

The method, based on the influence of carbon dioxide on the pH of alkali soils
because of the low cost will enable the improvement of the huge areas now affected by
this problem in the Argentine Republie,
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Mennopauns 3aconeHHbIX MOYB GUOIOTHYECKHMU MeTOoaMH
H. 1. MOJHHA u K. COBEPAH

Kadenpa Obulero 3emnenennn daxyisrera Censckoro Xossiictea 11 Berepunapun Yuusepcurera,
ByaHoc-Aiipec

Peszrwme

3a MoCc/eIHHE ceMb JeT NpoBeleHa Mestopalist 440 TeKTapoOB HENNOAOPOIHLIX 3AC0-
JICHHBIX TIOYB DABHHHDL 10103aMa/1H0H 4acTH 061acTH Byonoc-Alipec (AprenTiua).

TeopeTHyeckie 0CHOBLT MPOBEICIIHEIX padoT BechbMa MPOCTEIE M OGieHsBecTHoe, Teo-
DIl OCHOBAHA HA ACHCTBHM VINEKHCIIOTH, BLIACISIEMON o npoiecce JAbIXAHHST coneycToiiun-
BLIMIT PACTCHHSIVIT 1T HA MHKPOGHOI0IHYECKOM DABTOKEHHI PACTHTEILHLX OCTATKOD B MOUBe.

PegyabraTs MesHopariM yrasaHuLxX noime 440 PCKTAPOB B OTHOUICHHH PasBHTHSA pac-
TCHIIH 11 1IOrON0BLST CKOTA CIEIVIOIHE:

0 Meauopayun !

1. OuiHa roJioBa KPYNHOTO PoraToro cKora Ioxoi YIITAHHOCTH A KA} Ise 4 rexTapa.

2. TIponsso,IcTRO Msica HA OJHMH TeKTAD MPAKTHYECKH PABHO HYMIO.

3. PacreHuenocTBO Ha ITOM [L1OMATH PaBHO HYJII0.

10 QROHMAHLY PAdom 10 MCAUOPaii

1. Ilo nBe roJIoBH KPYIHOTO POFATOTO CKOTA XOpomeil yNuTaHHoCTIE HA rekTap.

2. TTpousBosicTRO Msica Ha 01K FeKTap B roi oxoo 200 xr, Kak H B ayumns paiioHax
OoRpyra.

3. TIpoM3B0JCTBO CeMAH TLIpest ( Agropyron elongatum). B 1964 ro;1y va 440 rexrapax
BRIDAIICH 25 TONH CCMSIH OTOr0 PACTeHHST. CTOMMOCTL CeMSiH O0KOMNO 0,90 CIIA gosanapos
3a KHIOrpaMm.

ITH PEIVIBTATH CTHMYTHPOBASH [IPHMEHCHHE 3TOTO MET0ja M B JIPYIIX 00i1acTsix
ApPreuTUHCKOI PeCTyOIHKH, B HTOre Yero MpoBeacHa Meopatust 45 000 ra ITHX paBHHHILIX
BACONICHIBIX 3CMENh,

Yposkau, monyuaesmie ¢ 3THX CUMTARIINKCS paHee GecIuIoIHLIMH Miomanel noBLICTLIT
Il HX IEHHOCT.



