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INTRODUCTION

Farmers and ranchers are becoming more interested each year in
supplemental irrigstion, perticularly where wnter sourees such as pere
mment gtreams, rivers and underground souifers are avallshle, lany of
these waters are of doubtful quality end 4if used for irrigation along
vith improper management could induee quite unfavorsble soll conditioms,
both chemiesl and physical, Vestern United States 'me mmerous axmwiples
of irrigation projects that have failed becsuse of the use of wabters of
‘mw‘"

Bever:zl of the surface flowing waters in western South Dakote are
slmormally high in total solutle salts and contain high concentrations
of podium and bdearbonate, The Moreau River Project was abandoned Yy
the Burean of Reclamstion because of the high galt and high sodl::m cone
tent of the waters of this river, and development of the Grand River
Project is being held in absyance pending further invesiigstions which
are in progress at the present time, A dovelopment feym near the Shade-
hill reserveir on the Gramid River has been estatlished to study om o
fiedd tasis thoe effects such water has on the solle of this loeality,

The nature of the Orand River water is such that s moderetely high
sodiun don eomtent is combined vith a btdearbonate ion content approsd-
mately equivalent to the alkaline earthe. The prineipal objective of
the etudy reported herevith is to determine to vhat extent the ratio of
the concentratlon of bdecarbencte lon to the sum of calcium plus magnesium
mmmmmmm-nmnmm.
then irrigation water becomes the solil solution it suffers a slwinkage
in volume, becouse of trengpiration ami eveporation, resiting fremently



in precipitation of the leapt soluble comstituents, which in this case
are ealetwm and magnestim carbmates. The soluble sodimn percentagod of
the soil sclution then ineresses, favoring adsorption of sodiws in the
sation exshange complex of the soil. Adscrption of soddwn by the cstion
sshange conplex beyond the polnt of 12 to 15 percent of the cstion
mechenge cupacity results almost without exception in deleterious
rhyeloal and chemiesl offects. These effects ave those characterise
ieally associated vith true alkali sofls, for example, extrem swelling
and shrinkege, high plastieity, poor seratiom, peor tilth, high pil and
dispersion of organie and inovganic colledds,

REVIEM OF LITENATUNE

The precipitation of caleium and magnosiun in the forn of carben~
ates and the accompanying effeet on the scluble sodium concentration
of the soil solution is a relstively resently recognised aspect of
irrigation water management,

Eaton (2) was probelly the first to relate the significanee of
cartonate and bMearbonate content of irrigation waters to alkali form-
ation, He reported that in the Nile Valley alksli conditions sre preve=
lent, tut salindty without alkali charasterised the soils of the
Buphrates Valley. These differences were explained on the basie of the
bicarbonate content of the two waters. In the Nile water the bicarbone
ate concentration on echamiecal equivalent besis, exceeds the mun of
ealeium plus magnesiwm, vhile in the Muphrates the reverse is true. He
postulated that calcium and magnesium were precipitated in the soll as
carbonates, leaving sodium sc the principral soluble eation. The remaine

ing_besrbonate, after eslcium snd magnostum rreciritation, corbines
&/ Refer to appendix for glossery of terns.
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with sodium to give "residual sodium carbonate”., This, in tumm, builde
up the level of sodium saturation of bese exchange minerals and other
colloidal matter in the soll, It was Vay (6) in 1850 vho discovered
that sofls have the pover of exchanging eations with selutioms, The
seat of these exchange resctions was later established to be the sur-
faces of the finer clgy particles and some of the decomposition products
of plant end mierobial materisl in the seil,

Firemen et al (3) attrituted the existing alkalinity problem of
the Bmwtt Valley Area of Idaho te the high bdesrbonate content of the
Payette River wator. The total salt concentration of this river wnter
ip low tut the salts are chiefly blcarbomates of sodium and caleium,
Upon application to the soll the voluw of water decreases becauss of
plant use and ovaporation, with ultimate precipitation of caleium care
bonetes The less of seluble caleium ineresses the soluble sodium perw
centage of the soll solution and this results in a decrease in exchange=
atle ealeiwn and incresse in exchangealle sodium of the eoil. Those
investipators found thet for the 868 soll samples of the Hmmett Valley
anclysed, exchangeable sodium ranged fram 3 to 100 per cent of the
ecation exchange capecity, with an average fer all samples of 36,8 per
cerst, This average emoumts to approximstely 8.5 milliequivalents of
exhangeable sodium per 100 grams of seil. The welues for exchango-
able soddim content and emehangeshble sodium pereentage at vhich plamt
grovth is soricusly affected are hot Imownm for many crops, However,
both the level of 2 milliequivalents of sodiwm per 100 grams of sodl
and 15 per cent sodlum saturation of the cation exchenge capacity have
boen used. By either criterion, 60 to 6§ per ocent of the swisce samples
and 75 to 79 per eent of the subsoll suwples contain excescive smounts
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of emchangeable sedium for satisfactory plant growth,

Various other investigators (1, 4, 5, 7) have recomended the con-
sideration of Yaion's bicarbenste theory in irrigetion water quality
standards,

METTIODS

Samples of the various major swrface waters of South Dakota have
been analysed. The results of the amalyses are presemted in Table 1.
The majority of the streans of westers South Dekote evidence a blesr-
bonetescaleiun plus magnesiun ratio greater than ome, and thus have
“residual sodium carbonate®, The Cramd River is typical of these waters,
ard inagmch as a reservoir has already been constructed in anticipatiom
of irrigation, it seemed pertinent to eomduet a study of the effect of
this vater on seil,

To acealerate the use of water and the anticipated deleterious
roossses, greenhouse experiments were econducted. The hypothesis wms
tested Ly means of soll amalysis before and after use of low quality
wsters, by snalyses of soil solutions and bty emalyses of drainage waters
from the cultures,

Two cultures, one of sunflowers and one of sudan grass, wore grown
in succession in the gremmhouse in five-quart oil cans. Barnes losn seil
ws used; a charasterisation of this soil is given in Talle 2,

The weters applied were made up by the use of eertain salts to
milrace the quality of the weter antieipated in the Shadehill reserwvoir,
The six weter qualities used in these studies consisted of two sodiwm
levals, as regards sodium percentages of total catioms in milliequivelemte
per liter, 65 per cent and 75 per cent, and tlwee blcarbonstesrcaleiun ra-
tios, O, 1 and 1,8, in all possible cembinations. Doth the sodiwn levels and



Tahle 1, Amalyses of various surface waters in South Dakots.
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Factor Depoription

Sofl 4ype Baumes loem
Great soll prowp Chornonan
Conmty Hrooldngs
Herizon studlied A
Depth reprosented 6 inches
Hordson desexiption Dk twown frisble losmn
Farent meterial T4, Iowmn substage of
gt Gl
Por eont buse maturation %
Emehange eapacity (:i.0./100 gi) 2413
Emshangeatle sodiwm pereentage Opld,
Seluble sodium perecertage 950
leochanica) snalysis and minerel idestity

Separate sine Per cont Predominant ndneral®
> Sa Tho2l; Yot detersined
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the ratios are on a chemical equivalent basis, The magnesium ion wme left
out for convenionce in making up these gynthetic wters, Tahle 3 gives
the ionic comtemt of the wmters used, Iach treatment was replicated four
times making a total of twemty-four variates in the study.

el 4e7 4e7 Lol
129 4ol 77 9.5

=t

VA1 vaters centain 1200 pepene of total dlssoived salts,
The oil cans, painted to prevent rusting, were uniformly filled
vith fifty-ive hundred groms of soll and planted to sunflowerc on
October 23, 1951. A quarter-inch copper tude two inches in length wag
centrically located in the bottom of emoh can to provide for drainage
of the goil colwm, The distribution of the warious irrigation tront=
monts was randomised in each replicate, lants wye thimned to six
per pot at the twowveek stage of growth. latering vas done as of'ten as
needed until the plants were six ¢o eight inches in height, Beginning
at this stage, wtering was done only as often as gymptons of wilting
were noted, This was dome to promote carbonate precipitation of the
ealefum and to gimdate field conditions., The pots were rotated peri-
odically during the growth period %o elimimmte possitle effects fyom
differential lighting and teseratures of the gresnhouse,



Tulce during the growth period of the first culture sufficient
mbter wvas applied to csuse drairage wmter to appesr. The drainage or
percolation occcmrred to the extent that water was added in excese of
ficld capacity. The firet dreinage wes caused thirty days after starte
ing the study and the second at maturity, Sufficient excess water was
added to cause drainage to ccour to the extent of ten per cent of the
total vater applied., The drainage water st each period was sampled for
ensdysis. The ten per cent drainage goal has been provosed as & method
of maintaining favorable salt balence. The sotusl velume collected at
each period varled slightly frem the tem per cent goal.

The firet sunflower crop was harvested on Jamury 17, 1952 after
oighty-seven days of growih, The plants were cut off at the soil line,
dried in the oven, and the wedghts of dry matter for each pot rocorded.
The soil wap smmpled at this point by use of a soil probe. Five system-
stle probes vare taken in two layers, Owl and 4«8 inech depths, for labe
sratory analysess The sampling holes were filled with stock soil and
temped to prevent almormel infiltration dwring the subsequent cultwre,

The second orop using sudan grass, wae planted on Jamuary 19, 1952.
Prainage of this culture likewise wns cauped after thixty daye of
grovth and prior to harvesting at meturity, The harvesting was done on
April 21, 1952, The second culture growth peried comprised ninety-four
e '

The analyses of the drainage vaters consisted of determination of
scluble salts by conductivity, using a Solu-Bridge, and determinstion
of soluble sodiwm using the Perkin Kimer flame photometer. The soil
samples were analysed for scluble sodium, exchangeable podium, eation
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axchangs capacity and conductivity of the saturation extract. The math~
ods used were those adopted by the USiA Reglomal Salindty laberatery (8).

In Figure 1 are shown sudan grass plants grown in eans in the green-
house.
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EXIFERIMENTAL RESULTS AND DESCUBSION

Plant Studies

The synthetic waters used in this study were prepared to rerresemt
the sntieipated quality of the Shadehill Reservoir. This involved the
uge of two sodium levels eesh in combination with three biecarborate:
ealedium ratios. All wmters csrried 1200 pepem, of total dissolved sslte.
The harvest ylelds and total inches of water applied for emch water
quality used during the two successive greemhouse cuwltures are prosented
in Table 4o

Table 4. Effect of irrigation wmter quality on harvest yiclde.
vm-mmofmmluugnu

Na HCO3Ca’T  Trestment AR T
Lo Uh ol . v L T o Pt ST Wil U SRERAAY o

0 1 1644 1364 2601 2ie3

65 i 2 17.1 16.1 27.0 279
1.8 3 17.2 16e4 7.8 291

0 & 1642 1440 2644, e

™ 1 s 1642 1546 2605 273
1.8 6 171 1642 273 2840

As indicated in Talle 4, ylelds of dry matter inereased as the
bicarbonatercaleim ratio of the synthetic water was increased, The
salt contents were the lowest however, in those cultures vith the greate
est ylelds (Table §5). Figure 2 shows the differences in appearence of
the plants between two treatments, 4 and 6, On the loft are shown the
plants vhen grown under trestment 4 (75 per cemt sodium water with
blearbonatetcaledun ratio of 0), while on the right are shown the plants
from treatnent & (75 per cent sodium water with a bdearbonstescelaium
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ratio of 1.8). These pletures were taken just prior to harvestingy it
is noted that the plants in treatnment 6 were more mature than those in
treatnent L. It is belioved that salt concemtration in treatnent 4
is the resson for this difference, The conductivity of the saturation
extract for treatment 4 wes 9,8 mhos/em, vhile thet for trestmemt 6
ws 5e4 muhon/em. (Table 5). Rocent unpulillished data of the USDA Saline
ity laboratory (9) indieate that solutle salte composed ehiefly of
ealcivm chloride are more texie to plant growth than chlorides of other
elkald cmrth and alkali metals. It s very likely that such a condie
tion extlisted in treatment 4, Sudan grase is considered to have oniy a
noderate degree of salt tolerance; consequently, with the vonduetivity
spyroaching 10 mmhos/em., reductions in grovth and vetardation of matue
rity would be expected.

The sunflower yields chowed the same trend and likewise, are cone
sidered to have only a moderate degree of salt tolerance,

Soil Studies
The prinmery data obtained from the sell anslyses are presonted in
Talle 5. Various psrte of the data were subjected to statistical
snalyeres, consisting of linsar regression relatioms, correlations and
analysis of variance computations.
The linear regression and correlation coefficients were computed
and studied for the following relationshipss
1. Relation of soluble sodium poreentage of the saturation extract
%o the emshangealle sodium percentage.
2, Relation of soluble sodiwm pereemtage to the conductivity of
soll extract.
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3, Relation of soluble sodium percentage of the leachate %o the
Muﬂamd‘ﬁ-d&

4e Relation of soluble sodium percentage to the conductivity of

the leachate.

S Relstion of bicarbemateicalcium ratlos to the exchangesble

soeilimn percentage.
mwmmmmmmmm
podium lovels were tested by anslysis of variance.

Table 5 shows that an increase in seluble sodiun snd exchangeable
mmu..mw:mmwuﬁau
sodium lovel of mmthetie water. The 75 per cent sodlum vater resulted
nmwummmmmma
per cent sodfuwn water, This is congruous in as mich as the solutle
mmammnmzammum”mm
sodium cultures. The lag in increase of exchangeable godium percontage
nmwwmmmhmmumwmmmh
the soil solutien during the first culture period. Thie i Alluetrated
wmmummmemlmu
the first end second cultures (Table 7). The solulle sodium percentage
of the seeond culture loachate wvas aprroximately tem per cent groater
mwammmmmwmmmwm
aprroaching an equilibrius with the soil selution

The salt comtent of the soil decreased as the bdecarbonatescclelum
ratic was incroased in the synthetic uvaters. This trend towards an
anma.motmm-auun—
asteristic of the formation of non-saline alkali soils.

msmmmmmmxwm

SOUTH DAKOTA STATE COLLEGE LIBRARY
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ratios in the mynthetic water at the 65 per cent and 75 per cent sodimm
level on the exchangeable sodium percentage of the O=i and 4«8 inch
depthe of soil. The effects of these synthetic waters on the exechangeable
sodium status of the soil, presented in Table 5, are more clearly deple=
ted in thie graph., This is especially true of the lag that exists in
exshangeable sodium peroemtage between the first and second cultures at
the 4~8 inch soll depth.
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A linesr regression of the soluble sodium peresntage in the satu=
ration ertruet on the exchangeable sodium percemtage in the soil ealleids
is presented in Figure L. Regression lines are showm for both the 65
por cent and 75 per cont sodium levels in the synthetie waters, Corres
lation coefficients are highly significant indicating that the exchange-
shle sodium pereentage of the soll is closely related to the soluble
sodium percentage of the saturation extreet.

10,8
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SOLUBLS SODIUM PERCENTAGE OF SATURATION EXTRACT - SECOND CULTURE

Pigure 4, linear of soluble sodlun pereentage
ammm-nmmm
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Figure 5 rresents the linesr regressicn relationship between solu-
tle podium percentege and conduotivity of the saturstion extract,

EEFTIFITT OF SATURATION RAYRACT = JOQIOS/ M.
2

2.5

SOLUBLE SODIUM PERCENTAGS OF SATURATION ZXTRACT = SECOMD CULTURE

o S e 2 28R S IR
of the paturation extract.

As indissted hy the highly significant negative correlation coef=
Pleient, soluble sodium percemtage is inversely related to canductivity
of the saturation extract. A ten per cent increase in soluble sodium is
necenpenied by o deeresse in the conductivity of aprroximately 245 muhos/cn,
This relationship is epparently a result of the bticarbonate precipitation
of ealeium in the form of carbonstes in the soil solution. The depletion
of soil water by transpiration of plants and surface evaporation ine
sreases the soil selutiom cemcentraticn to the point vhere the leest
scluble salts conmonce to precipitate out, Calefium carbonate, being the
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lesst solubtle, would precipitate first.

It is apparent fyom the data in Figure 6 that the bicarbonatescel-
cdwm ratio of an irrigstion water has a direct bearing on the exchangesble
podium status of the solil colloids., The mynthetie water possessing 65
per cont poluble sodium increaped the exehangeable sodium percentages
of the soll from an original 0,24 per cont to Lo per cext and 7,2 per
cont vhen the biearbonatescaleimm ratio of the water was 0 and 1.5,
respectively. Similer results were found for the 75 per cent sodium
water, but vith even groater increases in exshangeshle sodium percantage.

'10.0 nym

Na Levels:

L Y 5%

ugn o 75%

EECHANORANIE SOUDTUM PERCENTAGE

mynthetle waters on the exhangeable
in the sall,

g
B
i
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Table 6 presents the amlysis of variance in the data on %he
exchangeabls sodfum percentages ap found in the soil at the end of
the second eulture. A highly significant F value for "between bicarw
bonatescalelwn retios” was obtained,

Table 6, Analysis of variance, exchangeakle sodiwm
M?umuuuxwun
depthe of the second culture,

o ouil G

Souree of Vardation Degrees of Mrescdmm ﬂ b

Total

23

Replicates 3 05927 2,093
Ha 1 7.6308 3.3004
DO!IGC 2 24,,9780%%  16,9009%%
lia X Reps. 3 22213 22709
moisc. X Reps. 6 04753 0.8715
¥e % M03iCa 2 00066

Na X HCO3iCa X Repe. 6 0,666  1.009

o

5% Level of significance one per cent.

This anslyeis of variance lends censiderable support to the data
of Figure 5 in that the bicarbenatercaleimm ratio iz demonstrated to be
the most important factor in exchangealle sodium bulldewp. In rwevious
classifications of irrigation waters, seluble sodium percentage hae
boen regarded as the primery factor in such builde-up, In this study in
all eases vhere residusl bicarbonate wns greater than sero, the most
important feetor is mot the soludle sodium percentage, but the beare
tonatesealeivm ratio.

leschate Studles
The drainage waters, toluene trested to retad bacterisl sstiomn,
vere analysed for soluble sodivm and soluble salt content, These data
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were statirticslly tested for linearity of the ralutionship of soluble
sodium percentage to econductivity and to the exchangeable sodim per-
sentage. Teble 7 presents the primery date fron the leachate analyses.

Table 7. leachate analyses. Valuees ave

&7 Rez 109 16w
W7 W9 65 13,0

The principles establighed by this phase of the study ave very
imilar to those established by the saturation extraet data., Figure 7
presente the lincay regression of the soluble sodiuwm percentege of the
leachate on the exchangeable sodium percentage of the soil for both
sodium levels combined, The slope of this line is stecper than that
found for the ssturation extreet data. Apparently, there is a much
tloser degree of association between exchangeable sodium percentage and
soluble sodium poreentage of the leachate them there is between exchange—
able sodiwms pereentage and seluble sodium percentage of the saturation
oxtract, The lower soluble sodium percentage in the leachate than in
the satureation extract indicates again that the poll has not reached
complete equilibrium with the soll solwtiom,.

gl‘c :FO
:
EE
£
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20 30 40 50
SOLUBLE SODIUM PSECENTAGE OF L&ACHATE - SECOND CULTURE

Figure 7. Linear rogression of zoluble sodius percentage
hmmwm

i
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Plgare & precents the linear regression relationship between solu=
tle sodium percentage and conductivity of the leachate. The highly
slgdficant negative correlation ecoefficient indieates that with an
inerense in scluble sodivm percentage, one may expect a deorecse in
sonductivity. Avperently, this is @ result of bearbomate rreciplts~
alt concertrution,
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SIROARY AND COMCLUSIONS

Greenhouse experinents were condueted and laboratory enalysos of
polls were made to study the effect of biearbonate content of irrigae
tion waters upon the exchangeable sodiwm status of coils. Symthetie
irrigation waters of two sodiwm levels, 65 per eent and 75 per cent,
each in combination with three ratios of bicarbonatesealoium, Oy 1 and
1.8, were used for groving sunflowers and sudan grase in two succopsive
altures, Drainage waters and periodic soll semples of the cultures
wore analywed and each erop harvested, dried and weighed.

An incresse of exchangeable sodium level in the soil resulted from
all treatments, the greatest inerease deriving from water having a 1.8
blearbonatescaleiun ratio end 75 per cent sodium, Bloarbonaterceledum
ratio of wnity for both podium levels of water gave the next higheot
exchangeable sodiwn values, and gero bicarbonsteteuleium the least,
Ineresges in emchangeahle sodiur percembeges ranging from 1760 to 2200
per eent, based on the original soil, remilted frem use of the 65 per
cort and 75 per cent sodium wsters without bdearbonate. The use of
waters having blearbonatesealciun ratios of 1,8 resulted in increcses
in exchangeable sodium renging from 3200 to 3680 per eemt. These effects
cceurred after use of only 30 to 33 surface inches of water, This is
approxinately the smount of uater that would be usped in two years of
irrigation.

An inecresse in solukle salt contemt of approminmately 2900 per cent,
based on the originel soll, resulted from the use of synthetie watere
froe of Mearbomate. The leget accumilstion of selte ocourred with the
use of waters of the highest bicarbomatescaleium ratio, l.8. The low
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sonoentrations of solukle selt found in sodls trested with the high
Plearbonate wnters are apporently the remdt of bissrbonate precipitos
tion of eclefwn in the form of earbonste frem the sofl selution,

It is believed thet the higher yields of plurt tissue in the 1.6
bearbonate: calefmm ratio treetments were st least partislly a remdt
of the low soluble salt comtemts of the seil in these troatments,
Another explanation possible fg the aheenes of larpe mweumts of calefun
chloride in the soll solutiom of these trestmente,

In conalusion, 1t sppears quite evident that wmters high in bWeaw
bonateralkeline emrth metals could eause sorious demage to sofls :°
used extensively over prolonged perfode of time, The inewease &n
exchangeable sodium pereontage in the polls trested with synthetic wmter
having reeidual Fa Co, (hirh hicarbomate:cslcitm ratic) was spprowimately
€0 per cent grenter than the incresse in tho soils treated with wmters
not having residual Fa004e It is recognized that high sodium comtent
plone in irrigniion waters is easily capable of incressing escluugeable
sodhm 4n the sodl, but evidence of this study indieatos thet high blear-
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Rossary of Torms

am m. w.w B
e i

!

parts of solutiom,

E. Seline-allali s0i]l == g soll in which the conductivity of the

groater tham 4 millishos per om. and the

PeDally) === the parts of salt or any one galt

saturation extract is
exchangeable sodiima percentage 1o grester than 15,

7« Ports per milldon (
constituent per



10, Saturation extract - the solutien obtained by precouare or vacuum

11, Sodl sclitbion «== the moisture bathing the soil particles and
conteining dissolved ninerals and air,

wwnwbmmdnmﬂm?m.a
13. mmwa-.muuumuﬁ
mmwmm

W-
the sodiwm percentage as fo

100
i, a.ﬁ-w:rmmr‘

1i. Residual sodium carbonate - & term used in comnection with irri.

wnters and found by the nilliequiwalents per
ter of caleium plus Wm;an
liter of earbonate plus ummm—

ing milliequivelents por liter of carbonate and biecarbenate as
milliequdivalente per Ha f0qge
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