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14 IRRIGATION AND DRAINAGE

galc' dissolved from scil minerals depends upon several factors, in-
cluding: (a) soil mineral solubility, (b} the ionic and total salt
concentration of the entering water, {c) the replacement frequency of
the soil sclution or the amount of leaching, and other factors. Under
some conditions, slightly soluble compounds are actually precipitated
from the irrigation water into the soll.

Several papers have been published on the salinity of drainage
waters and on factors influencing both salt concentration and total
salt outflow in these waters (2, &4, &, 10, 11, 12). Mosat of these
papers have concerned lands that have been irrigated for many years.
Kew management techigues to reduce salt outflows from irrigated lands
by minimizing leaching (11) and to manage irrigation sc that much of
the scluble salt remains in the lower soil depths below the creop root
zone (1, 14) bave been shown to be effective. The overall impact of
irrigation on the ground water quality must concern both newly irriga-
ted lands and older irrigated lands as well as irrigation management.
Studies of this kind are few. McNeal and Starr (9) reported the
potential salinity hazard of irrigating new lands in the Horse Heaven
Hills area of Washington, and Carter and Robbins (3) have recently
reported salt outflows from new and old ‘irrigated lands. This paper
reports the impacts of irrigating both new and old lands on ground
water quality.

i

Experimental Methods

One experimental site was located on land that hed never been
frrigated. This site was similar to millions of hectares of land in
the western Y.5.A, and in other countries that could be irrigated, if
water were avallable. This site wlll hereafter be referred to as the
N-site, representing newly irrigated land. Ancother site was selected
on the same so0il series in an area that had been Iirrigated since 1905,
or about 70 vears, with Snake River water. Snake River water has an
electrical conductivity (EC) averaging about 500 pmhos/cm, and the
fo:lowing ionic composition in meq/liter: Catt = 2,54, Zm++ = 1.23, .
#at = 0,90, Kt = 0.12, C1™ = 0.66, HCO4 = 1.38, and SO,” = 0.88,

The following nutrient ion comcentrations in ppb were: zowlz = 120 and-
mobnw 2 66 (&, 6). This site will hereafter be referred to as the
O-site, representing old irrigated land.

The two sites were on Portneuf silt loam soil and were 5 and 4 m
deep over fractured basalt, respectively. Average annual precipitation
i3 22 cm, Actual precipitation during the two year study period was
measured at an offiecial weather station located near the O-site.

The experimental layout at both sites consisted of 12, ii-m
square, leveled and bordered plots, 6 m apart, arranged in a completely
randomed design. Furrows about 70 cm opart and about 15 cm deep were
formed on the plet surfaces. Three water application treatments, each
replicated four times, were applied in 2, 4, and 8, 20-cm applicacions,
totaling 40, 80, and 160 cm of Snake River water cach season for two
scasons. Water applications were distributed at about egqual time inter~
vals for each treatment throughout the 5-month season. These treatments
will hereafter be referred to as low, medium, and high water application
treatments, respectively. A water meter was used for measuring the
amount of water applied.

The plots were not cropped and were kept weed-Eree to aveld a
transpiration component in calculating the quantity of water passing
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through the soil. Evaporation from the soll surface after each {rriga-
tion was calculated from the relaticnship:

E = B.5 exp (-0.139%)

where E is evaporation in mm/day, and ¢ is time in days. After 20 davs
{ollowing irrigation, evaporation was assumed to remain constant ar ouu
mm/day (3). Evaporation during the noncropping scason was measured
using weighing lysimeters near the O-site.

Soils at both sites were sampled at 30,5-cm Iincrements to the
fractured basalt bedrock before initiating irrigation treatments and ar
the end of each irrigation season. Undisturbed core samples were
collected initially for bulk density determinations (7). Field water
content was determined gravimetrically on all samples. By measuring
the amount cf water applied, calculating evaporation, and determining
the quantity of water in the soil, the guantities of water passing
threugh the soil during cach season were calculated, Saturated extracts
of the soil samples were prepared and analyzed for electrical conducti-
vity (EC) as a measure of total soluble salts. Quantities of total
salt in the soil were calculated by converting values ebtalned from the
saturated extract analyses to a fileld moisture basis. By this means,
the total quantities of salt in the soil initially and at the end of
each season were determined, and the gquantities of total salt leached
from the soil were calculated from the difference. The quantity of
salt addad in the irrigation water was alsc included in the calcula-
tions.

Initial soil water and salinity data were obtained by averaging
results from four samplings by auger or core equipment to bedrock at
each site. Subsequent data at the end of each irrigation scasen were
averagea of eight auger samplings per treatment, comprised of two
samplings per plot. Differencec between treatments were groat, and no
statistical analyses were felt necessary,

The salt removal from the N-site svil and the quantity of water
required to remove it was compared to the salt removed from the O-sfte
soil, The quantity of water reguired to remove residual salt from the
O-site spil per unit depth of soil was calculated. The cxvcnﬁo: =alt
removal from soils at both sites was calculated based upon irrigation
management to provide different leaching fractions.

Results and Discussion

Soil at the N-site was initlally quicte dry, contoining only 60 enm
of water in the 5-m soil depth, whereas soil *at the O-site contalned
108 ¢m of water in the 4-m depth. Therefore, considerably more water
was required to wet the s0ll at the N-site than at the D-site.

Water passed through the soil only with the high water application
treatment at the N~site the first season, but with both medfum and high
treatments at the O-site {(Table 1). Water applied by the low and
medium water applications increased the soil water gontent at the 0~
site to depths of 260 and 450 cm respectively, the first season, Water
passed through the centire depth at both sttes the sccond season, except
the low water application treatment at the N-site, where the soil water
content was Increased over the entire depth, PFPossibly a small amount
of water passed through.



bi'9 1 4 %2 0 TTOS 2yl wozy Paydes ITes FTqNToS
g5"9 gt $89'% UOSTas puz 121I¢ TF0S OF 1Tes Teiol
24°ET €207 7676 azaes payidde pue TFos ul ITes Telol
0Lty $€°¢ T Izjea patpTdde ay) uy peppe ITCS
i0t8 [8°¢ CL'8 uosess 38t 19338 [TOS Uy ITES TeI0L

wwema PYfSRO] ITINOUW wmmm

__usdty Pk #07
Juowivodl uoljedTidde 103TH

UoSEdg puz 2UI 10J EIUNMITIAYL
uotieaTTddy a2aey 991yl Y3Ts STIOS AIRE-D I0) d3umleqg ITes ~ g S7qel

*{g) spotrad awrl BuOT IVA0 UDAS BNTERA JIBYJ
wo1) afIIT] s0128a pue ‘Tyos uaaTd Auv up anfea wnTAQITENba #y) pasmni
SPUa3 ueTINTos TIOS aYJ UT uOIeIIudIV0Y ITPs TBIOT 3yl °*porsad swia
UDATS © 1DAO0 PAATOSSIP Juncue 3yt 2q TTTm 1232228 2yj) ‘STPISUTW TI108
Lo13 SATOSETIP JLY3 SUOT 3U3 IO UOTITIIUDIUOD U IamoT 123um 4q paderdex
5T uorinfos [res Iyj awyil yoeyg (7 91qel) #oliIne 3ITBS Ayl Iq TiIm
12317218 2y3 ‘izeles uorie8Tar £q padwldaa ST UOTINTOS [T0S 2yl usijo
dlow JU3 JTYI SIIBIJSUOWSP UOSEBIS PuUOIIS Yl A0J TI0S SIE5-Q oYz 107
SIuMIeaxs uvoriedyfdde 431y puer ‘unipsw ‘moj 2yl Fuiaedwoy -@vrIdURd
ueIjedTaar Oyl AQ pIuTwiBILP 6T YOIYM UOTIDRIJ JuTYdLIT Syl uwodn
Spuvdap #073IN0 1TRS BY3 ‘paydeaT ale sITES ITINTOS TENPIsSe A8IFY
*Apnls sI43 ur peansesw ueyl 82pYDSTP ITES 13I¥3F 2InqEAsUcl pTnom
Ya2rym (271) 2Tes 3TYnTos 30 s TiTiuenb 1afieT urejueD T30s5 @yl yieouaq
pUE UTYITM STETID3PW *Spale 3wos ul *s99130vad uopje8rair Towiou iapun
BuiyoraT 3TPs JO DATIBOTPUT 3Q PINOYS SITNSIIL 95DYI SDUIY - IUS3IFNIASIUT
2q osTe pThnoa uoyisnpoad dois o3 Buyzedyiag (g ‘c) Suypuod suonuyl
-uO3 Uyl JUITDTII9 DI0w vIe LpnIs Syl U pIsn s¢ suorIvajrdde aajum
IUAITWIDINT pUER ‘TERAOWDI JTLS jJo 3lex a3 1da37e Juryows jo Sulwrl
pur poylow oyl ‘7108 Jo yjdop m/932ydBIT JO mMI (f INOQE ST SATWS
TPOPTS0T 2a0wdx 03 juduwrainbsa Supyoest ayl saesk (7 103 paiedraay
TT08 IBTTWIS ST 2wWPs Y} w3yl sea TFos a4yl jo Juaiuod LITUTTES a3l
pur ‘paacwal uoaq pry ITES PTQRTOS TENRPISAE U] *Tros Jo m ¢ ydnorylz
possid pry adlta Jo wd QST IAOGE IDIJ® IVYI PIIFITPUT SITNEIY
*PoTaADd SWTI JUBABIITP B IAQ *aSED UYIE3 ur 13jem patTdde Jo junoww 3ues
oyl Juos?1dar suestiedwod ssayl  C(f ‘8r3) 1vswIeaal YTy Syi e UOSEDS
SUG 493 e uenl ssoT 9T1IFIT ¢ ses uolirdTTdde wnypsuw 8yl ¥ SUOSTIS OA)
2230 TIos o7 ur Suruitwal J[es o3 “ATAeTiwis ‘UoTiEdfidde wappow
ST JT UOBRIS QUG I2]3C S BWes Y JNOqE SBm JuIWIBIRL :o.wumv.w.nnam moT
a3 P SUOSLIS oal 131 e 110§ 8Yl U UOTINQTIISIP ITES YL -SIUSWIRII]

4 ALIIVNO dHLVYM ANNOYD

913 107 oums syl L[amou spM Jojum poyIdde jo jusmazouy iod paaow

10 paaowdl 3Jies Jo L fjvenb oyl ‘siesd p7 Io3 patediiaT TIOF UT 3wyl

03 fenba jnoqr sem uopledyTdde 1o3Em UBTY SY3 BUTATSOIX TFOS IIFE-N

a3yl uy usluod 3ITes NI (2 *513) 3T 30 uoraiod alael v paacual UOYIED

-yTdde unjpaw ay3 pur *[EOs 33FE-N IYJ WOXJ ITES TeENPTSst sY1 Jo TTU
£ITeTIU2ssa paaowsl uoTiedyTdde xalem yiyy 43 jo U0SEasS puodRs Y]

*TTos 3yl ur iadaap ses

31T Ing *4A1Teurdyio oiayl Junocwr YY) sk swes Y] seM suoTIvTidde aassa

WNnTp3w pUR MOT 3Yy3 SUFATSIDI TTOS 8YI uy Furuywwaa ITeE Jo AJrTiuenb

Te103 24l *21eYdEs] Jo WO 4T Afuo Aq paaowal sem 1TS jo A3x3usnb odaer

sTYL *(1 '813) suopjevyrdde aaien ydTy Y3 £q TTes 3yl woij paudeal

2194 3aeioay Jad 3[ES JOo SUG) DFIlow RE INOqR PUBR ‘UQSEas ISITI 9yl
2ITS-N DYl 1® pITmUMOp ITDS PIaocll $IUAMIBII] GOTIRIFTdde rates TV

TJuHOACT I13)BM TRISIET JO SIUBPTAS

ou SBA IIIYI 2SNEDVq 10113 Triusmriadxa sjusssadaz ATONIT SYUL  "EL6T

uf wd 7 £q JUIZU0I 3938Aa TETITUT dyi sufd payTdde x2ies DY papasIxd

931s-N 3yl 3° JU2WIBAIJ WNTIpaIw DYj 0] uolirviodeas sofd fTos aya ug

I93em Jo A3tjuenb syl ‘sTduexs x04 ‘530113 2wos EupleVIpur ‘sased Tl
uf a1o3es TIT 307 Juncade ATTedcATnbaun jou pPIp 2 uUBTEq 183es YL

9'6 L'% Z'0 o 4 [¢14 0 MoTFINO JITBS 39U TEICL
0T 9f ce vl k4% ] . @1eudesT TE3IOL-
"9 k7 T'9 st {114 0 MmATIIM0 ITES I8N
Bt|/su03 DTijow
€T 0§ 0z 82T Tt 9- s38YdCdT
Ly 8¢ BT Ly :T4 BT - uprieaodeag
O¥YT YT T £6T s¥U  STT pud = JUIITOD IDITY
4 T z z Z TTeFUTEY
09T OB oY 08T 08 o¥ paTTddy
96T  8€Y¥  I€1 937 €1 <@ TeIITUE ~ JUBIUSD I3jey

UcsEIg Puy

#°¢ €T Lt g€ 0 0 MoT3In0 3TTs 9N
QS\ 8007 VIil2W .

2l 92 0 T i 0 aqByIea]
% 82 67 %% 8¢ 6T uotivIedeay
96T  8ET  LET 49T €21 S% pus - JuUajuad 133TH
] % K B v Y Tiejurey
09T 08 oY 097 08 ov patTddy
80T 80T 80T 09 69 09 , TeYijuy - Juauod 121vy

unswag 351

YdtH  peH  #OT YS§H PR M0

3318-0 8115-N

*203]5 oml 24yl I® sjuswiveal uorlearrddy Iaden yldty
pue ‘waTpay ‘moT Ayl Aq paaoway ITeS pPue sIDUETEE Iqvy T 1921

FOVNIVHA ONV NOLLYDIME 4|



‘potaad Sugyoavaey
JodueT {Tduiapisucs ¢ ojuy virysural Leaw suoplIrpuod pesvdtaar Maxang
Fapun Burysual Jo £3jRaoJlunuct 94l pue ‘poleSTIIT A0IIN] ST I9RIT wIYI

fagnaonop 0L anode Jo uopideaj Juryosrcal v sey {9 “¢) I0BI] BTTEI Ufam,

G TUOHETOE IAN0F ay3 Yydueay] AompTu pmoue] ag pinos ITRS TIMptzod

WHT TTE AT [UIIGORSD pur “STios J1amolTeYs 103 I3fTaea pur *ddap w ¢

1105 2¢) Uesuas GOTFUE11lT puadds 2l 123bka punoad ayy ojuy pofacyasip

Y pTROA FIUs owdy  ‘uoseds dad wo g/ anoqe aq pYnos Suiysuay ao)

daua jo quuome oy, *1 ofdunxy seosdoad owes ayl 1o0) ueriseiy SuTyscaf

A% s porTdde Hy 49104 043 Ololm JMIIIAXI ADIOUT AIPT HNOG

*TEAOWOL ITEsE TRAPT&E0T 10

Pa2inbal Swly Ayl ey & Sanpax prnos 03ejuadiad Tujyrewor a3 Hul rghag

CAELIES Gl Snosaldad fasanad Jo *ojdopke ST CRAIVDA JRROTIIpPU

bl 49040 4G] 431 HULSUIII0p © 1w podIeyasIp 9q prnoa SITES YIBYI 293V

sACO0L U7 up anddo prnos 2RATdSIp 3Tes 2ey) Jutod ayy el upjuon

A2 1M O] S5ELIIUT 00 PAPIIU IDIEM JO WD (3§ 2UI PPE PTNOA I uryj 220w

w4 10 ‘@ &/ Jo uorjearldde Joies jEnuue wy  *uof3lderj Juiyoeaf 207

aTA fugryquiads £q pojedtazy pue wd gf Jo sjuswaagnbal I3 yata sdouad

a1 pajuefd “tros poav@yiatuou Lysnoradad *dodp wm § ® aapysued ‘aorduwexe

104 t8AIVIA 1o0] vi1vl FuUTsENASAp B IR PaSIBYOSIp ©q PINCA ITES ‘Iuwy)

IV Candse prnom 08aeydsip ITes pup Asjea jvy) jufod ayl ol TIos

U 10 J083IUOD 13IRM ] ASPIITUL 01 poaInbai 9g PTNOA SUOSEIS TRIBADS
‘adviusaiad TuryarsT mof © yitm uoriedyaxr eriuiads JuaTITIIe Fapupn

'Ydapasal §FYI U ISOYI o3 ILTTUIS

sTIOs weoT 3116 YITA PTiom 2yl Jo suorfal plae loyjo Ausw ujy pue

TY¥TET[ MAMIsE9M Al UT STTOS JRTIUIS JO S2IRIDDY JO SPUBSNOL] AU uwod)

pe120dXa Dy JLETE $ITOEDT ACTIWES  “ApRlz STY1 20y pasn asoyl 0] IUTIUIN

SUGTILPUGD A3Pun s3les TENPISal 9] JA0WSI ©3 TF0s 241 wol) ssvd Ishu

1108 3O w/oneyaral jo wd Qf INOGE eyl pIIBIFPUL SITASIY “TI0s A

ydnoays Barssed ajpgoval jo £112uenb 0yl sulsaod wIN) U YITym $03130Tad

uopIvdidal 041 uodn Spundlop 3iva JEADURA-3TES BYI -paiedraxy oaev sTios

P uays ad3es puttoz o3 oJuy pedamydsyp o9 TTIM IBYI TS afgnjos

Tenpisat jo saritiuenb adacT dyriued uyef,] JIAATY SYTUS Y1 Jo STI0S
PoIUETALIUOL QU] UMOYS SATY sUoTIu3TISOAUT PIT] ANG Jo SITOSIY

SUOTSNTIUOD pUr UO1SSNISTY]

w ydep oy

sty

og o [ & [}
DY U0 FAIAN TR UG 1105 ALOpWAY

al ALITVAD 3LV A ONNQED

‘uosTJEdeo) 1G] wAOyy DAn () JIEE- SY1 puUr BIiE-N Yy I

TUGSERS UOTITITIIT ISITY W1 IRITe S1fE=y

syl e TToy Ayl Wl yIday UITA IWIIVOD ITES DATIRERLAY = T 814

JLAZUOY ATES T[ETIpR1 ML

rueERss UOTIEETIL] PUDDSE YL 1DIIE IATH-N

‘upgpivdun) 0] umoMS 2IT () SITE-0 B pUR $I3S-Y IY1 IE
s 30 (105 Ayl up yddog yipa quagooy 3{Ey eafaefrung - ¢ 91y

IUIUC} 1ITS TETIRUL UL

Soil Depth, m

o
o
1M
o
-
L]
1&
O
Lo
o
Soil Depth, m
b L] n o
t f t o
0/ N
.J
g
L0
> : o
x
< A
3
r = = 43
2 o
2
1]
d1o
. o
L
o

HOVNIVIQ ANV NOLLYOIYYI

oy/u0) J1ijaN ‘JUBIUOD JIDS @A DIAWNY

DY/UDL D18 “JU3JUOSY }[DS BAIOFILND

3



“1EE-TZE(REI}O0T 'Bug "AT) 'Do§ rwy °doag 'ralg ‘uteag ‘Fraar
‘[ *Toljuod J1es Ioj Juswsfzuvw uorleBraiy  cwzET *SUTTACY
1 *g pue ‘seproyy -g "I ‘UFaIsuviag " ‘' *IpameliTIUYSg uea  t41
“I8T-ZRTSTIIT 198 TIos -I7os Ydnoayz jusweasow nTes Buyiosypezd
o3 poyisw eTdwis ¥ CTLET  Y20dqEg T M pum ‘M Y fqno3aTaIal ‘€T
. *IBE-LLE:T TTEMD
*uoIfaug L CopuraoTo) Jo L3[Ry puels 9yl Uy spuey IRAn3Indtale
woay dnydyd ITBS CELET CAMMTEN ¥ CH PUR ‘rp "D ‘P0qIBoyg T
'QTE-TIEIE *TEO) “UOITAUR *[  sI3lps
sfpuIeap wor1vBLiaT JO Suaping 1Tes SYl SUTeIuTUIN  CHigT  "YAETD
"W puw ‘aayong ‘W " ‘uosieaBuy +g ‘Y “I93sQ *d ‘L ftQ r ‘sIpBOWY  "TT
‘wii-QLfiLg '901d
sury *304 "TOg TIPS *5a539a 38eureap uorieBIaxy jo suoriTsodwod
ITes oyi ue 1wod Jo Bwll pue ‘uorjopaj Jurydeal ‘uorirsoduod A3irs
uoTIESTAIT 30 5199171 1 ie193Em oBvuTRip UOIIPSTIIT UT BITES ‘C/6T
“ixeT) K pue ‘iaqong "y ‘r ‘uosTeaful ‘@ ‘Y *tQ [ ‘sepeouy QT
*TgL "1Tng -u3g 'dug -oTady
“gseM  "STITIH uaaeef asiof syy uo Juaudoisasp uoriedizay vodn
sSpaezey AITUT{ES TUIIU230J %467 "2I8IS 'y *M Pue “* -g *TeaNOH "6
*$1T=£0T:Z0T "T9§ Treg ‘TuryoesT uo aiel
uor3eopldde aajes Jo 3023y31 99T ‘0AEITY 4 ‘[ pue ‘*f ‘aA¥[THY ‘g
*GET-£6T:0ZT 198 [T0g *1aTdwps =100 TJos paqanisypun
RIATY eUS [EIFURYIDN “GLET ‘SUTqQOd ‘i "D pue ‘*p 'O ‘uapivg -/
‘H-M-S¥Y CVASR  'OUBpI uasyinos ur 3oea)
STTRS Ural @243 Jjo sisles sSvuresp pur uoTiedriar 2yl Uy g9dusieq
PUE SUOTIEBAIUSIUGD JUDWBTS ISZTTTIL8I pue “UoT ITFToads *I7es B
TeI0L ‘'£L6T ‘“IURAPPUOY ‘v ‘[ pue ‘suiqqoy "M ‘D ‘T *@ ‘IPIE) 9
* TL96-%95:87 ‘2014 twy Q05 P25 TJO§  CSTTOS
suptes BupwieT29a 103 sucyiwdfldde Ieiea diporaad pus saydITm
aseyans Sulurqmo) 4957 -Supuunzg g D pue **vi s *393ie) ¢
'CEE-TECIGE *o0ag ‘wy "D0§ ‘Tog TIoS  "3oeay uorielSyaay adieg
¥ uo saduuTerq 3ITHS TRIO1l pue .m:uo:nmann:eom .awmouuaﬁamoz ajgnios
23N CTL6T  "SUTQQOA ‘M *D PUB ‘auwanpuog "y - 1 g ‘I91IL)  Cf
*spugT paiediiir pIo puv
#2U WOI1 MOTFINO ATES  °@LET -SUTAqEd ‘H "D pue ‘1 ‘g ‘Ivixey g
iRY-TiyiT tuaxly  ceaaniinotady aoy adwuiwag (°pe) apresRFTTYLS
uph Uep U] *5133BA 2Fpureap 3O AITUTTES  ‘pi6T 'V ‘D ‘lomMog g
*EIT-TIT:6E 'Q01d
‘wy "Gy ‘T8 TTOS "mITEITE Jo syidop Jooa Furdava yitm Supyowat
Teuwtuld  *SL6T  "NMAET) 'V *d pur ‘siodueaj -3 1 'MEIT ‘uralsuley I

ssruRaBnay

JOVNIVHEQ ANV NOLLYDRMA] or8



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

