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The precursor of a sodic goil, it may be said, is a saline soil. Saline soils
were recognized and written about in the country which is today Iraq, as far
back in history as 2400 BC. The first location of them according to the records[4]
was in connection with wet arcas, correlated with irrigation, in northeastern
Sumer in the vicinity of modern Telloh. The characteristics ascribed to them
identify them as the NaCl varietv. Writings about them indicative of an
increasing prevalence of them persisted to about 1700 BC when the last rem-
nant of Sumerian civilization disappeared from history. The next writings
ahout them located them in Babylonia about 1200 BC. The descriptions for
that location identify them more prominently as CaCl,— MgCl, salinity. Again
the records are indicative of an increased prevalence related to irrigation.

From about 1200 BC to about 1920 AD nothing about salinity was put
into writing (so far as yet discovered). One can suppose that salinity continued
to increase in prevalence within lower Iraq.

By lower Iraq we mean the Tigris—Euphrates alluvial plain. This is an
area where irrigation, almost from the advent of human occupancy, has been
an absolute essential for agriculture. One can make a good case for the impact
of soil salinity on the history and totality of settlement in that area [7].

Today, all of lower Iraq, some 72,200 square kilometers, part of it being
irrigated, part of it not being irrigated, but all of it irrigated on and off in
history for centuries at a time, is classifiable by almost any scientific definition
as saline soil.

There are two kinds of goil salinity in Iraq, sodium salt salinity, and cal-
cium-magnesium chloride salinity, the same two kinds as were known about
in 1200 BC. There is no sodium carbonate salinity. There is no word in the
languages of the country nor in any of the ancient languages which connotes
any sodie quality in the soil or any property of causticity or alkalinity — for
all the word «al kali is a pure Arabie word.

The first to call attention to this was WEBSTER [9], the first soil chemist
in the service of Irag. KaToN, who travelled widely in Iraq during 1947 —48,
also called attention to it [3]. In Iraqg he saw none of the "black alkali” with
which he was thoroughly familiar in California, U. S, A,

Those soils which have high sodium-salt salinity have, of course, high
exchangeable sodium percentages in the soil clay complex. But, morphologically
and physically they are not sodic soils as we, the authors of this paper, sce
them. The purpose of this paper is to explain this.

First we should explain the sodie soil characteristics which they do
not have.
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1. They do not display any surface “skin” of silt and sand after incidents
of rain which “skin” is so indicative in sodic soils of clay dispersing and soaking
inward.

2. They do not display any eluviated surface layer underlain by any
illuviated clay columns with rounded tops or even without rounded tops.

3. Soil columns in the laboratory when leached with the ditch water
being used for irrigation never yield turbid leachates. Nor do they vield
turbid leachates with distilled water, except in very rare instances.

4. Sodium chloride soils under outdoor conditions of irrigation and nor-
mal rainfall rarely ever exhibit pH-values in excess of 8.4. Occasionally under
conditions of abnormal impoundments of rainwater, pH values of soil and
water may mount to alkalinity with phenolphthalein. This is only temporary.
Burinan [1] tells about pH 9 being found in (only) 60 out of 1690 soil pits.

5. The titratable alkalinity in soil saturation extracts is negligible.

6. Humus-stained incrustations are extremely rare. Translocated humus
accumulations in profiles are never seen.

At the beginnings of civilizations in lower Iraq the soil most surely was
non-saline. The defense of this statement is too complicated to go into here
but we are confident of it [7]. We are also confident that the salts which are
in the soils today are largely the accretions from the centuries of irrigation.

Lower Iraq is a flat country. The mean fall of it from the points where
the Tigris and the Euphrates enter the alluvial plain to where they make their
combined exit (Basra), is about 8 cm per kilometer. Subsoils generally are
dense. Iraq in all its history has never had a drainage system until some
recent beginnings at this. Lower Iraq is a comparatively rainless country,
— about 150 mm of annual precipitation coming in the winter half of the
vear. Soil is rarely wet by rain water deeper than 25 ecm. The geography of
Iraq [2] is such that ground-water salt discharge if any, must come to light
at Basra. The present situation is that only about 20 percent of the salts which
come into lower Iraq escape past Basra. Only 7.5 percent of the incoming
water escapes past Basra, Above Basra is a large expanse of marsh and a Iake,
and the water there is sweet water, not salty. Our intrepretation of all of this
is that the salts in the water used for irrigation throughout the centuries,
is still inside the total land area of lower Iraq to which this water has been
on and off and here and there applied.

Fortunately the water used for irrigation in Iraq, — and this is and
always has been exclusively the waters of the rivers taken for irrigation mostly
during the non-flood months- is a very high quality irrigation water, Data
bearing on this and on our subject of sodic soils are shown in Table 1, along
with comparison data for the Salt River of Arizona, U. 8. A. This latter resource
was developed by the U. S. Reclamation Service and put to public use in 1917
as a major portion of the water supply for a 93,000 hectare irrigation project.
The projeet has been successful and prosperous, but is already faced with
saline and sodic soil problems, more particularly the latter. The Salt River
project has a mean annual precipitation of about 200 mm.

Table 1. reveals two outstanding differences in the waters of the two
rivers as they go on the land. One is their (Ca** + Mg?*+)/(Na* + K*) ratio.
The other is the difference in the soluble residues of these waters at what
might be called the first evaporation of them. The Salt River Project it should
be mentioned, has a drainage system. It can be computed by simple proportion
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that had this latter not had a drainage system, it already would have accumu-
lated in 47 years as much salinity as in Iraq from the Tigris water in 365 years.
Our main concern with the data of Table 1. is what they may reveal
to us in regard to sodic soil development.
We can be quite sure about it that with the soluble residues of the Tigris
water, the Mg2* will displace Ca®* in the clay complex whereby MgSO, as
a constituent will disappear (a fact).

Table 1.

Composition of the Tigris River water being used for irrigation in Iraq’
and comparative composition of Salt River (Mesa, Arizona, U. S. A.) water

Gram Equivalents per Gram Equivalents of Residues
Cubic Meter of Water per Cubic Meter of Soil
Going on the Land {1500 kilosg)
Constituents
Tigris River Salt River Tigris River Salt River

Irag Arizona, USA. Iraq Arizona, USA.
DLECI o sememammmemesie s s e ‘ 1.333 1.679 0.144% -
a2 | 1.364 2.273 2.553% 3.952%*
RGN o s R e S | 1.189 2.130 —_ 0.451*
NSO, oppsmm s | — 1.200 — 1.200%*
NEOEL s e s s e 0.156 - 0.890 1.679
NaCl ..ot iianneas 0.694 12.955 — 11.276
NaNO; ... ..o 0.040 — - —
KO o e — 0.436 — 0.4306
MCly o — 1.073 0.694 2,753
MgBO, .. — - 0.455 —_
Mg(NQgly, i — - 0.040 —
Total Insoluble Residues* . ........ — — 2.697* 5,603*
Total Soluble Salts ............... 4.776 21.746 2.079 16,144

. Ca?” 4 Mg
Ratio m ............. 1.36/1 0.49/1 1.34/1 | 0.21/1
1

! Water of the non-flood months, June—Feb. Computations by J. C. RUusser based on
the KxarreEN —TirrETTS — ABRETT —McCarTYy “"Report on the Development of the Tigris
and Euphrates River Systems”, Baghdad —New York. (1952).

# Computations by J, . RusseL based on Crarks, F. W. "Data of Geochemistry™ U. 5,
icologieal Survey, Bul. 616, 1916, (Analysis H, page 82).

Much of the MgCl, likewise will disappear and in its place there will
be CaCl, (a fact). Also some of the Na® will go into the clay complex to build
up sodium saturation percentage and that too is a fact. In the Arizona water,
Me* K% and Nat similarly will displace Ca®*.

At any moment in time after a certain amount of water has been used
and a certain total of solubles have been added, there will be, for any certain
moisture condition, definite equilibria in the soil solution. For these we can
write a GaroN-Equation

KJ(Ca?* £ MgH)/2 _ (Ca + Mg) X

 (Nat + K¥) (Na + K) X
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By a mathematical procedure that we shall not go into here for lack of
space, we have computed from Table 1. the data shown in Table 2. The pur-
poses of these data are to reveal:

1. how much of Tigris water is required to bring an illustrative water-
laid soil such as that of lower Iraq is, to any particular state (30% sodium
saturation in 545 one-meter irrigation years);

2. how more quickly the soil would have been brought to the correspond-
ing sodium saturation percentage had the water been of the quality of the
Salt River of Arizona Water (11 one-meter irrigation vears);

3. how much safer with Tigris water a soil is, or has been, against con-
version to a sodie soil condition than with a water of Salt River quality.

We should say that there is one element of uncertainty in these compu-
tations in that with both waters SO,*~ surely will combine with Ca2* toproduce
(‘aS0, precipitate. There is no sure way to put this into the Garox-Equation.
We have left it out, knowing that the effect of so doing is to give sodium
saturation percentages somewhat lower than they should be. We know there
is calcium sulfate within the lowland Iraq soil, — small amounts usually.
in the upper 15 ¢m, but visible coarse grained amounts at 15—30 em and
deeper.

Tuable 2,
Computations of surface meters of water required to produce

various saturation percentages in a ope-meter depth of soil under
prescribed hypothetical conditions®

| ‘ears of lrrigati
; M2t Uoneentrations ;‘,lz*fll* er&)ze_‘\ﬂlmurtm“
mefliter ratios Lach Year)
Sodium Saturation A s o =
Percantage ] ‘
Tigris Ralt  River Tigris Sult River ‘ Tigris Salt River
Water i Water Water i Water | Wager Water
L o 1 i \
0.6 (Initial) 1 | 4.36 | - | 0o —
e |
7.2 (Initial) - 0.49 —
10 339 | 40 1.90 053 | 54 | Lo
15 726 ‘ 168 1.71 0.65 ‘ 116 ‘ 3.5
24) 1309 235 1.61 0.50 210 .
| 545 11.0

30 2305 H47 1.49 0.42

* Assuming 20 me/100 gm as cation exchange capacity. Assuming one-meter depth of
water cach year being used in o manner to give 22,22% mean moisture content for ecation
exchange reactions. Assuming a bulk density of 1.500. Assuming that the soils at the moment
ot settling out of water at producing the soil has the initial values as computed for them. Assuming
K in the Garox-Equation has the value K = 100 [8].

Of course no irrigator ever allows his soil to get into the condition of
Table 2. if he can help it. In Iraq, which has no drainage system, the irvigator
dleliberately puts on enough water at the autumn planting of grain (after the
seed is planted) to leach the salts downward into the second meter, if possible.
Therein lies another reason why sodic soils do not develop.

All the Tigris water which the irrigator applies has the ions in it shown
in Table 1. All this water passing through the surface desalinizes the surface
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as a first step. Then the M?*-jons in the water, largely Ca* ions, displace
Na?t in the complex as a second step. These Na* ions with their anions to
halance are pushed ahead. The result is that what may have been a 309
sodium saturation percentage in the surface as in Table 2. actually gets con-
verted theoretically to as low a value as 0.6 percent. (With water of Salt River
quality the theoretical limit of conversion would be 7.2 percent.) At no point
in the process can there be dispersion, nor any production of sodie soil.

The real culprit in sodie soil production, starting with a sodium salinity
soil high in sodium saturation percentage is the pure water of natural pre-
cipitation. In that respeet lower Traq is fortunate in not having much of it.
The little that there is (150 mm as an average, occasionally 250 mm, rarely
75 mm at one time) is hardly enough to leach the salts out of the surface to
the non-floceulating limit in the first place, nor enough to leach all the gypsum
out of the surface soil in the second place. Accordingly the only times that
Iraq soils reveal any signs of sodie soil characteristics is when rain water is
impounded temporarily and then only for a short period until they become
dry and irrigation is resumed or salts arise to the surface by capillarity.

It is pertinent to our subject to compare the Iraq sitnation with the
situation in Nebraska and Wyoming of the U. 8. A. The Platte River of Colo-
rado, Wyoming, and Nebraska, U.S. A. crosses Nebraska from west to east,
a distance of some 800 kilometers, through a region of gradual climatic change
from about 400 mm of mean annual precipitation at the extreme west to about
900 mm at the extreme east. Ahout three fourths of the annual precipitation
comes during the summer months of the vear. The Platte is in process of
up-grading its flow-bed and simultaneously its flood plain. Its velocity is high
(mean fall about 1.5 meters per kilometer) whence the flood plain soils at the
west are predominantly sandy. Toward the east the soils become heavier and
the valley widens, hbut sandy streaks continue through, and these with their
shallow ground water levels are a source of soil salinity for the entire length
of the flood plain. The water of the Platte carries a moderate supply of salts,

about 426 parts per million at a mid-point across the state. The solubles
contributed to the soil are predominatingly Na,S0,. The divalent/monovalent
cation ratio is about 0.85/L. Trrigation has been extensive toward the west
for over 50 vears, the earliest of it dating back into the last century.

So, here we have a process of soil salinization not much complicated by
irrigation, extending through a climatic region of changing rainfall from arid
to humid, and an attendant desalinization-alkalinization process extending
through in reverse direction from humid to arid. The result is a very clear
display of consequences.

At the extreme west the soils are exclusively saline-alkaline. At the east,
sandy soils on the younger sand sediments are only slightly saline and are
non-alkaline. The higher precipitation keeps them continuously leached to
the point that neither high salinity nor high alkalinity can develop. The older
sand sediments where exposed are leached to the point of being acid. Mostly
these older sands are covered with silt and clay alluvium from confluent
eastern drainage. Where this alluvium cover is deep the soil is leached to the
point of slight acidity. Where it is shallow (1 —1 1/2 meters) and broad in
expanse as it is extensively within the 800850 mm precipitation zone, the
soils show all the evidence of having been at some earlier period highly saline-
alkaline, and subsequently non-saline alkaline to the point of typical and comp-
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lete solonetz development. Today these soils are mostly well advanced at
degradation into “soloths” but occasionally there are clayey spots unpro-
tected by silty overlay where slickness develops during rains with typical
white siltyness appearing afterwards. Farther west in the rainfall zone of
500—600 mm there is another extensive area of silt and clay alluvium over
sand sediments and this is in an early stage of solonetz development. It is
non-saline and highly alkaline. Still lacking any distinet eluviated layer
it develops slickness and a badly puddled surface during rains. It has a slow
intake of irrigation water. When dry it is extremely dense and solid. In between
the west and the east in the zone of about 700 mm of precipitation soils are
medium sandy and here developed, on old sand sediments, soils which are
typical sandy solonetz.

If we locate lower Iraq into this climatic and soil sequence it would lie
far to the west, about in the central part of the State of Wyoming. Wyoming
has saline soils abundantly, — NaCl and Na,S80, varieties.

These do not have sodic soil characteristics. Wyoming though does have
sodic soils in the same limited rainfall areas (about 175 —200 mm annually)
contiguous to its saline-alkaline soil but the origins of these are most decidedly
related to sodium carbonate-bicarbonate salinity in certain rock formations
[5, 6]. The boundaries of these sodic soils wherever they occur can be iden-
tified by a certain plant, — greasewood (Sarcobutus vermiculatus). Where
the sodic rock formation crop out on sides of slopes, the greasewood appears
and one can trace the outerop across the country by the growth of greasewood.

Iraq has no sodic soil indicator vegetation. Iraq does have an extensive
gamut of saline soil indicator vegetation ranging from a salt Bermude grass
Thayil (Cynodon dactylon) at about the 0.39 [imit to a plant which Iraqg
call Tartai at about the 3%, salt limit.

Summary

The saline soil situation in Lower Iraq is here explained as largely the con-
sequence of a long duration of irrigation (over 4000 years in places) with an admirable
quality of water as regards monovalent-divalent cation ratios in a region of very low
annual rainfall. Due to the flatness of the country and the heavy textures of the soil
very little of the galts in the irvigation water have ever escaped into the Persian Gulf.
During the long intervals of time there have been salt segregations and translocations
and arisings to the surface under the influence of elevated water tables and hydraulic
zradients. Thereby sodic salts have come to dominate in some places and ealeium and
magnesium salts in others.

The sodie salinities have high sodium saturation pereentagesin the eation exchange
complex but morphologically, and in respect to problems, they are more to be characte-
rized as saline than as alkaline. Nowhere have the processes of origin led to any arcas
of non-saline alkaline soils in a troe sense. Always the processes of accretions have
outrun the processes of losses. Iraq has never had a drainage system until some recent
beginnings at this. The mean annual rainfall of Lower Iraq is only about 150 mum.

Some comparisons are made of the sodic soil situation in Trag with the sodic soil
situation of the Nebraska—Wyoming portion of the United States of America. In the
latter the climatie and rainfall transitions from east to west in the present and in the
distant past have given rise to an almost complete series of sodie soil formations both
chemically and morphologically. The climatic position of Lower Iraqg in this sequence
is far to the west in Wyoming. Wyoming in places has soils which eontain Na,CO, but
these definitely are the consequence of eertain rock strata which contain this chemical,



AGROKEMIA ES TALAJTAN Tom. 14. (1965) Supplementum 97

The possibilities are discussed of Traq soils becoming non-saline alkaline at some-
time in the future as drainage programs are expanded and sodium salts are leached
away. Three reasons arce offered why no serious problems are expected:

1. The quality of the water which will do the leaching; divalent cations in high
excess over monovalent cations, and very little rain, Tmprovement in sodium saturation
percentage is to be expected al the immediate surface first, and later to extend downward.

2. CabS0, supply in the soil. Along with all the sall aceumulations from irrigation
there hag been o parallel accumulation of CaS0,, much of which is still retained in the
upper 30 em.

3. The gypsum resource of the country. The supply is enormous and is easily
accessible.
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3aconenHbte nouBsl B Mpake

H.C. POCCEM, 1. KAIPH u A. B, X AHHA
Yuusepcurer, Hebpacka, CLUIA Mimucrepcrso ¢, X Hpak v Mpaxckas OnsitHas CraHuus Arpoxummu, AGy

Xpaub
Pezwme

[Mostpiienue sacosendbx noun (saline soils), Ha TeppuTopud Hinkaero Mpaka anropnt
PACCMATPHBAIOT KAK PC3YJBTATHL MHOr0JETHEr0 (B HEKOTOPLIX MECTAX OpouIcHHe mmeeT 4000
JIETHIOI0 JABHOCTB) OPOUIEHHS, IPOBOAUMOIO HA TEPPHTOPHSX C UPEIBLIMAIHO HIT3KHM r00BbIM
KOJIHUECTBOM 0CAJKOB, OPOCHTENILHOH BOI0i ¢ COCTABOM Y/HBHTCIILHO GNATONPUSITHBIM, € TOYKH
SPEHHA COOTIHOMCHHST OfHO- M JABYXBAJICHTHEIX KATHMOHOB, cocTapa. Buarojapst pbpabHe-
HOCTH pesibeda If TSKENOMY MEXAlHUeCKOMY COCTABY TIOUBL TOJBKO HE3HAUHTEALHAN UACTE
coJtel, COAepP/KABUIMXCST B OPOCHTE/LHOM BOle, HMonajiaia b Iepenacknit sanup. C TeueHHeM
BPEMEHH TI0ILEM YPOBHS TPYHTOBRIX BOA BHI3BAS BLIIETEHHE H [1EPCPACTIPCACHeHIe conell B
nouBe 10 camoil ee NOBCPXHOCTH. B pesy:iLTaTe 9T0r0 B HEKOTOPHIX MECTAX CTANH npeobnanars
cour HATpHsT (sodie salts), a B APYrUX coJH KAaNBIHST M MATHHS,

XapaKkTep COA0BOH 3aCONEHHOCTH [deT LpeolnajaHHe HACHIICHHOCTH MOYBCHHONMO
NOTJIOIMAIOLIIEr0 KOMIUICKCA HATPHEM, HO ¢ TOUKH 3peHHs MOPQOIOrHH MOYBLL M ee Kiacci-
(PHKALHH STH [I0YBLL CKOPEE OTHOCATCST K THIY 3aCONCHIBIX (saline), yem menounvix (alka-
line) noun. Ipouece paspuTHs HUrAE HE VIKAZBLIBACT HA TePPHTOPHH, I'IC MOYKHO OBII0 OBl HATITH
HC3ACOMTCHILIC 1HeJIouNbie Mo4Bbl (non-saline alkaline soils). TTponece Hakomenus coseff
BE3Mle MPeolNaacT Hajl NPOLECCOM HX BLIMBIBAHWS, [0 CAMBIX MOCIEHHX Bpesen B Mpaxe
HHKOT1a HE CYHICCTBOBANO ApEHAXKHOH cucTeMil. Cpelssis cyMMa 0CaKoB B Hinenm Hpake
COCTABISIET BCETO 0K0J0 150 MM B rof.
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ABTOPbI TIPOBOASAT CPABHEHHE MEMLY TIOJI0MKEHHEM COMIOBLIX MouB (sodic soils) Hpaka
H copoBLIX Nous (sodic soils), umenmxces B patione HeGpacka— Baitomusr B CIUA. B nocinen-
HEM cliyuae [epexofielii B BOCTOUHO-3aMAJHOM HANPABIEHITH KIMMAT 1 OCAIKH BHSBANH C03-
JAHHE TIOUTH HeNPEPLIBHONA ceplin co0B0-3aCOJIeHHbIX TI0UB (sodic soil formation), KaK B XHMuU-
YECKOM, TAK M B MOPGBOJIOrHYECKOM OTHOMEHHAX. C TOUKH 3PEHHS KIHMATHYCCKHX YCJIOBME
Hinkuuit Mpak sHaunTenbHO oTaHuaetcest 0T 3anajnoil yacty Baliomunra, B HeKOTOPBIX YacTsx
Baitomunra nousa cogepyxkutr Na,CO ., HO 9T0 saBnsiercs cjecTBHEM HANIYHS 9TOr0 BeniecTsa
o noupoobpazymeii 1opoge.

B noxnane ofcy)aaerca BOSMOKHOCTE MpeBpalleHds B OyAyIIEM H MPAKCKHX TIOYB B
He3acoJIeHHble leoYHLle TouBLl (non-saline alkaline-soils) mo mepe Toro, kKak Oynert cos-
AaHa BOHUC@pOCHaH CHCTEMA M BBIMLITLI COJTH HaTpHs1. Hmerwres TPH MPHYHHLL 110 KOTO[)LIM
He cjejlyeT PacCUMTHIBATL HA BOSHHKHOBCHHME CEPhE3HBIX MPOIeM:

1. Kauectso Bojbl, HCMONB3YeMOH [J18 npombiBanHs, npeoliajaniie ABYXBaJCHTHLIX
KATHOHOB HAJ OJHOBAJICHTHBLIMK, Maj0¢ KOJIMYECTBO 0CA/KOB. YMeHBbUIEHHE TIPOLENTA HAChl-
ILICHUA HATPHEM OM{MAACTCS CHAUANA HA CamOE MoBePXHOCTH ¢ TeM, uTo0bl 1103)Ke pacnpocTpa-
HHTBCSI M Bray0b.

2. 3anac CaSO, B nouse. [TapanienbHO ¢ HAKOIJIEHIEM coneil B PE3YJIBTATE OPOILIEHHA
Habmaaercst 1 naxonnende CaSO,, 3HAUNTENILHYH YaCTh KOTOPOTO BCE €lle MOXKHO HaHTH B
pepxHem 30 oM cnoe.

3. 3anace! runca B cTpaHe, JTH 3aMACH PPOMAHBL H TErKo JOCTYIIHLIE.



