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Salt Balance 
and Leaching Requirement 
in Irrigated Lands 

By L. V. WILCOX, soil scientist, U.S. Salinity Laboratory, Agricultural Research 
Servicft, U.S. Department of Agriculture; and W. F. RESCH, project manager, 
U.S. Bureau of Reclamation, U.S. Department of tllelnterior 

Irrigation is a comparatively recent innovation in the agriculture 
of this country. The greater part of the development has taken place 
since the turn of the century. During the early years, salinity and. 
salinity control were not well understood, and little thought was 
given to these problems. The objective in the allocation of much of 
the irrigation water was to make it serve as much land as possible. 
In some instances, burely enough water was provided to take care of 
transpiration and evaporation. Such a practice was probably based 
on the assumption that all the water presented to the plant roots could 
be used by the plant. The fallucy of this assumption was recognized 
by Scofield in 1927 (5)1 who stuted thut "plants do not absorb water 
and dissolved substances from the soil solution in the same propor
tions that these constituents occur together in that solution." Actu
allyhplants take wuter from the soil solution but leave behind most 
of t e dissolved salt. Therefore, if the irrjgation water contuins an 
uppreciable concentration of salts, additional water, in excess of 
consumptive usc, must be allocated for leaching in order to prevent 
the accumulation of salts in the soil. 

The quantity of wuter that must be altocuted to leaching is referred 
to as the "leaching requirement" (LR). The status and the trend of 
salinity conditions, purticularly on u project-wide basis, are ussessed 
in terms of the ((salt balance" (BB). 

PLAN OF INVESTIGATION 

COOPERATION 

The investigational work here reported sturted in 1932, but the 
records are incomplete prior to 1938. The study is still in progress 
(1962), but only the data for the I5-year period 1938-52 are used 
in this report. Starting in 1951 I\nd continuing through 1957, the 
Rio Grande project c-\."'}lerienced a critical shortage o~ irrigation water. 

I Italic numbers in parentheses refer to Literature Cited, p. 21. 
1 
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During this time, more than 1,700 irrigation wells were drilled to 
provide supplemental water. Toward the end of the period, many 
drain ditches were dry, and little or nO drainage water was returned 
to the river. As t\ consequence, unfa\?orable sl\lt-balance conditions 
prevailed much of the time. Such data do not lend themselves tv the 
purposes of this bulletin, so the results subsequent to 1952 are not 
included. This bulletin, therefore, is not a final review of the data 
or the Rio Grande salt-burden and salt-balance investigation but is a 
study of the relation between salt balance and leaching requirement 
based upon a selected portion of the data. 

The work has been carried on cooperatively with the Bureau of 
Reclamation of the U.S. Department of the Interior and with the U.S. 
Section of the International Boundary and Water Commission. The 
Bureau of Reclamation did the stream "'aging on the Rio Grande 
project and on the main stem of the Rio Grande abo\'e EI Paso, Tex. 
In addition, the Bureau of Reclamation collected water samples for 
analysis from appropriate sampling sites. The International Boundary 
and Water Commission furnished the data on the discharge of the 
Rio Grande from EI Paso on downstream and collected the correspond
ing wat(~r samples for analysis. The U.S. Salinity Laboratory made 
the water analyses and, each year, prepared an informal, interpretati ve 
report that was circulated to the cooperators. 

Cooperating agencies made the discharge measurements by standard 
procedures. These agencies reported so-called "authenf,icated" data 
from which the mean values shown in the tables were calculated. The 
water analyses, upon which the quality interpretations are based, 
were all made by the U.S. Salinity Laboratory by quantitative pro
cedures as described by the U.S. Salinity Laboratory (9). Much of 
this information relating to discharge and chemical composition is 
published either in U.S. Geological Survey Water-Supply Papers or 
in the International Boundary and Water Commission Water Bulletins. 

RIO GRANDE PROJECT 

The Rio Grande project extends along the Rio Grande from 
Caballo Dam in New Mexico to the EI Paso-HUdspeth County line 
in Texas, a distance of 154 river-miles. The project; is separated into 
three divisions by natural barriers along the river channel. The upper 
division, known as the Rincon Ynlley, starts at Caballo Dam and. 
extends downstream about 45 nrues to Leasburg Dam. The next, 
~resilla Valley, starts at Leasburg Dam and extends 63 miles to the 
.American Dam just above EI Paso. The lower division, known as the 
El Paso Valley, starts at the Americnn Dnm and extends 46 miles on 
tbe United States side to the El Pnso-Hudspeth County lille. 

The total irrigated area in the Rio Grande project approximates 
149,000 acres divided among the three divisions as follows: Rincon 
Valley, 17,000 acres; ~lesilla Valley, 80,000 acres; and the El Paso 
Yalley, 52,000 acres. Water for irrigation use in the Rincon Valley is 
diverted from the Rio Grande at Perch a Diversion Dam approximately 
Z miles downstream from Cnballo storage dam. Water for tbe 
~fesma Valley is diverted t"lt Leasburg Dam at the upper end of tbe 
project and at ~resilla DiYCl'sion Dam ncar Mesill !t. In the tables 

-' 

, 

.' 
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that follow, the values shown for irrigation input represent the sum of 
these two diversions. Similarly, two diversions supply the El Paso 
Valley. The upper is at the American Dam, which is located 0.03 
mile upstream from the point where the Western Land Boundary 
joins the River Boundary between the United States and Mexico. 
Water is diverted at. this dam into the Franklin Canal. Riverside 
Heading is located apprm";mately 20 miles below the American Dam 
and divert.s water into the Riverside canal. These ~wo diversions are 
totaled and shown as a single entry in the tables (see tables 3 to 5). 

Wat2r is diverted at the International Dam in El Paso, located 
2.1 miles below the American Dam, into the Acequia Madre, or Mexi
can Canal. This water is used on the Mexican side with no measurable 
return of drainage water to the Rio Grande. For this reason, it is 
,!l.SSumed that the diversion into the Acequia Madre does not affect 
the salt-balance conditions of the El Paso Valley division, which lies 
directly across the Rio Grande in the United States. Accordingly, 
the volume of water diverted into the Acequia Madre is subtracted 
from the flow in the Rio Grande above American Dam in the entries 
under this heading (see table 5). This value is, therefore, lower 
than the corresponding value in table 4 (p. 14) by the quantit.y of 
water diverted into the Acequia Madre. 

The El Paso-Hudspeth County line is the lower boundary of the 
El Paso Valley division of the Rio Grande project. Output water 
at this point is measured. in an irrigation canal, in drainage ditches, 
and in the main channel of the Rio Grande. These are totaled and 
shown in the table as Rio Grande at County Line. 

Each of the three divisions of the project is served b;V a system of 
open drains that collects the drainage water and returns it to the river. 
In the case of the El Paso Valley, there is considerable reuse of the 
drainage water. 

DEFINITIONS AND DERIVATIONS 

Salt balance2 is defined as the relation between the quantity of 
dissolved salts carried to an area in the irrigation water and the quan
tity of dissolved salts removed by the drainage water. Scofield in 
1940 (6) originated the term in the statement: "If the mass of the 
salt input exceeds the mass of the salt output, the salt balance is re
O'arded as adverse, because this trend is in the direction of the accumu
ration of saH in the area and such a trend is manifestly undesirable." 
This can be expressed algebraically as: 

(1) 

where SB indicates salt balance, which is expressed in kilo tons (k. 
tons) per year. VdlD is the volume of drainage-water output and 
V!ID is the volume of irrigation-water input, both in kilo acre-feet 
(k.a.f.) per year. OrIW is the weighted mean concentration of dissolved 
solids in tbe drainage output, and Ofto is the weighted mean concentra
tion of dissolved solids in the irrigation input in tons per acre-foot 
(t.a.f.). 

l See appendix for symbols and abbreviations. 
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An exact balance between input and output is. seldom observed 
but, mathematically, under such conditions SB equllis zero and equa
tion 1 becomes. 

V"..O"tD- V,,,,Of.,=O (2) 
or 

V"", Of'" (3)-VtlD = O"ID' 

The left side of. eqtlation 3 is the "leaching requirelnent" (LR), as 
proposed by L. A. Richards and published by the U.8. Salinity Lab
oratory (9). It is defined as "the fraction of the water entering the 
soil that must pass through the root zone in order to prevent soil 
salinity from exceeding a specified value." 

This interrelation between salt balance and leachin,'S requirement 
WIW recognized and discussed by Reeve (4) largely 01,\ the basis of 
lysimeter studies. Other contributions to the general subject of 
salt balance and leaching requirement can be cited, altluough a com
plete literature search has not been made. Scofield with the coop_er
ation of Hill (7) and Hill (2) proposed a criterion that was called 
"service equivalence," or "equivalent service," in which the concen
tration of the drainage water and the concentration of the irrigation 
water are taken into account. 

Klintworth (3) developed, independently, the concept of leaching 
requirement in connection with a study of the use of salino irrigation 
waters in South Africa. Eaton (1) proposed formulas for estimating 
leaching and gypsum requirements. 

Data for three irrigation projects are now available that make it 
possible to compare the interrelation between salt balance and leach
in~ requirement and to evaluate them in terms of their usefulness in 
salinity control. 

METHODS OF CALCULATION 

SALT BALANCE 

The several methods for calculating salt balance depend on the in
formation that is available. Figure 1 is a schematic diagram of a 
simple irrigation and drainage system that shows the related gaging 
stations on the stream and on the irrigation and drainage canals. 

.. 
Station a is on the main stem of the stream above the point of di
version of the irrigation water, where the total flow in the stream is 
measured. Station iw is on the irrigation canal just downstream 
from the point of diversion, where the total irrigation input is meas
ured. Station dw is on the main drain just upstream from the point 
where it empties into the stream. The total drainage output is 
measured at this point. Station c is on the stream below the drainage 
retnrD, and the total flow is measured at this point. D is the di,,· 
version dam, and b is a hypothetical site on the main stream such that. 
Vb=V,,- lTflD • The calculated values from this site are used in 
estimating leaching requirement. 

No effort has been made in this investigation to take into account 
the rainfall or the runoff from adjacent hills that might fmd its way 

1 
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FIGURE I.-Schematic diagram of irrigation and drainage system. 

into the project drains. The average rainfall on the Rio Grande 
project ranges from about 10 inches per year at Elephant Butte Dam 
to 8 inches at the lower end. This represents from 10 to 15 percent 
of the average annual volume of irrigation water diverted from the 
Rio Grande. Some runoff occurs from adjacent hills during heavy 
rains, but neither the volume nor the salt content is known. It is 
recognized that these contributions could introduce some absolute 
error in salt-balance calculations, but the relative values or year-to
year trends are probably not strongly influenced. 

680·6116-63--2 
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Method 1 
If measured values for V,,,, V""' 0,,,, and 0"" are available, the salt 

balance can be calculated by the use of equation 1, 

(1) 

This is the simplest and most obvious procedure, but it is not always 
possible to obtain good values for V". and O"UJ' 

Method 2 
This method is applicable where only salt-burden data are avail

able. Salt burden is the total load of dissolved solids passing a gaging 
station in a given ~f)eriod of time. Salt balance can be calculated 
from such data as follows: 

(4) 

where the subscripts c and a designate data from gaging stations 
c and a, respectively. This assumes that the irrigation water is 
diverted below station a, that the drainage water is returned to the 
stream between stations a and c, and that there are no unrelated, 
unmetered accretions or diversions between these two stations. 

This technique has been used on several irrigation projects for 
many years. It appears to be entirely adequate where trends in 
salinity conditions are of principal interest. The calculations for 
method 2 are illustrated in the following example. 

The data are from the salt-balance investigations of the Mesilla Valley division 
of the Rio Grande project for the year 1947, as reilorted in table 4. V..=686 
and V.=459 k.a.f.i 0.=0.80 and 0.=1.12 t.a.f. If we substitute these values 
in equation 4, SB=-34.72 k. tons. 

Method 3 
This is a new procedure and is used for the first time in this bulletin. 

V itD and 01tD are measured, but the corresponding values for the 
drainage output, V"UJ and Od", are calcula.ted. Thus, the volume 
and concentration relationships for both input and output are avail
able for other studies, such as leaching requirement. 

VI" and 0iUJ are measured values from gaging station iw. The 
volume in the main stream below the diversion dam at site b is, by 
definition, 

(5) 

The volume of drainage return is taken as the increase in streamflow 
between site b and gaging station c, thus, 

(6) 

The salt concentration at b is the same as at gaging station a. 
The weighted mean concentration may differ, however, depending on 

1 

l 

J 

, 

http:SB=-34.72


7 SALT BALANOE AND LEACHING REQUIREMENT 

the div'ersion at iw and must be calculated. The tonnage of salt 
returned to the stream in the drainage water is 

(7) 

Thin value for drainage output of salt in conjunction with the known 
input makes it possible to calculate SE from equation 1. 

In order to calculate the leaching requirement, it is necessary to 
know 0<11.0' This vnlue can bc obtained by the substitution of the 
value for VdlC from equation 6 in equation 7, thus, 

(8) 

The calculations for method 3 nre illustrated in the following example 
and the data used are from the same source as shown under mcthod 2. 

Example: Data-Va ==686, V.=459, and V; ..=472 k.a.f. Cb=0.80, C;..= 
0.80, and C.=1.12 t.a.f. Calculations: Vb= 214 k.a.f. (equation 5) j V cI .. =245 
k.a.f. (equation 6) j V cI,.Cd ..=342.88 k. tons (equation 7) j '8B= -34.72 k. tons 
(equation 1) j and CcI ..= 1.40 t.a.f. (equation 8). In this instance, Ci .. and Cb 
are exactly equal to Ca. This is not always true, so these values should be calcu
lated. In this connection, refer to the tables that follow, particularly table 5. 

Salt balance is expressed ill tons per year of salt either removed or 
deposited in an irrigated area. Comparison between difl'erent arells 
can be simplified by e~-pressing salt balnnce on a relative basis. The 
term Cf Stl.lt-Balallce Iudex" (SBl) is suggested and defined as: 

SBI= Vdr.oOdlO (9)
V!100!1O 

If the dnta of the example for method 3 are substituted in equation 9, 
SBI=0.91. SBI CIUl be calculated directly from the dl1tn of methods 
1 and. 3 but not from the data of method 2. With method 2, SB is 
df'rived from data (rom stations a and c on the stream, thus: SB= VeOe 
- VaO.. But the ratio VeO./V.O. is not the same as equation 9. 

LEACHING REQUIREMENT 

The volume and concentration ratios that define LR are calculated 
from equation 3 as, V dID/V!r.o=0.52; 011O/OdlO=0.57 when the values 
developed under method 3 are used. 

COMPARISON OF SALT-BALANCE METHODS 

A comparison of the results obtained by the three methods of cal
culation is shown in table 1. Methods 2 and 3 yield very similar 

• 	 results for salt balance and identical results when the same values for 
0 ,1.0, 0., Ob, and Oe nre used. .Method 1 depends on observed values 
for input and outpu.t and, in this situation, yields values very 
different from those of methods 2 and 3. It is assumed that, on the 
Rio Grn.nde project, methods 2 and 3 yield the more nenrly cOITect 
results and that the results from method 1 nre not reliable. Two 
reasons are advanced to support this conclusion. 

http:011O/OdlO=0.57
http:dID/V!r.o=0.52
http:SBI=0.91
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TABLE l.-Gomparison Of three methods for the calculat~on of salt 
balance. Mean val1U8 for the three divisions of the Rio Grandt 
project for the 15-year period, 1938-52 

Rio Grande project, New Mexico-Texas Method of calculation I 

Criterion Unit Method 1 Method 2 Method 3 

Rincon Valley 

dirtision 


V".. __________ l\Iean k.a.f./yr____________ 32.4000 46.60000,,"'__________ ----------Weighted mean t.a.L ______ 1. 3806 1. 5527Vi..__________ ------- ---Mean k.a.f./yr____________ 70.5333 87.2000
Oi .. - _________ Weighted mean t.aL ______ .6761 .6745SB___________ ----------K. tons/yr________________ -2.96 +13.52 +13.54 

Mesilla Valley 
dirtision 

V,,"'__________ Mean k.a.f./yr____________ 212.9333 236. 5333 0".. __________ ----------Weighted mean t.a.L ______ 1. 5884 1. 4968-------- - ..Vi .. __________ Mean k.a.f./yr____________ 399. 1333 454.0667Oi..__________ ----------Weighted mean t.a.L ______ .7361.7333 ----------SB___________ 1(, tons/yr________________ +45.54 +21. 46 +19.80 

El Paso Valley 
dillision 

V".. __________ Mean k.a.f./yr____________
vdw 131. 3333 ---------- 174.8000,., __________ Weighted mean t.a.L ______ 2. 7472 _____ 3. 2944 ----------V ... _____. Mean k.a.f./yr_____ . _______ 268.5333 ---------- 370. 5333 Oi .. __________ Weighted mean t.a.L ______ 1. 0766SB___________ 1(, tOIlS/yr ________________ 1. 0867 --------- 

+140.85 +81. 22 +81. 29 

1 Method 1: Output minus input, observed values. 
Method 2: Salt burden at lower gaging station minus salt burden at upper 

ga~ing station. 
Method 3: Calculated output minus measured input. 

First, the measurements under method 2 are made in the stream 
channel and account for all the water and all the salt at stations just 
above and just below the irrigated area. Thus, the salt balance, 
which is the difference between output and input of salts, is com
pletely defined and determined by the accuracy of the measurements. 
Unmetered accretions or diversions of water would tend to vitiate 
such results, but in this basin they are assumed to be minor and are 
neglected. Similarly, method 1, to be accurate, must account for all 
water and salts of the irrigation input and drainage output. The 
figures of table 1 indicate that this is not accomplished. Apparently, 
drainage water finds its way into the river, probably through a 
shallow aquifer, and is not accounted for by the measurements of t.he 
drainage return water. Also, there is a tendency for the concentration of 
dissolved solids in the drainage water to remain relatively constant 
rather than to respond inversely to the discharge. This may repre
sent 0. problem in sampling or it may indicate that the water inter
cepted by the drains is, in fact, relatively constant in concentration 
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and bears little relation to flow. These, .and possibly other factors, 
make it difficult to use method 1 with confidence in this situation. 

The second reason for assuming that method 2 is superior to method 
1 is based on many years of experience with method 2. .Field ob
servations on salinity and crop-growth conditions correlate well with 
the salt balance as determined by method 2, but not as determined by 
method 1. For instance, unpublished data not included in this report 
indicate an unfavorable salt balance by method 1 in the Rincon 
Valley division for the 16 consecutive years 1944-59, inclusive. 
Field observations certainly do not support this. In fact, the Rin
con Valley division has had fewer years of unfavorable salt balance 
and less salinity trouble than either of the other two divisions. 

It is not intended to imply that method 1 is wholly unreliable and 
should never be used. Undoubtedly, there are situations where good 
input and output data can be obtained and, in such cases, method 1 
would be applicable. For the discussion that follows, however, 
methods 2 and 3 are used. 

In the methods for the calculation of salt balance, the several ions 
can be, nnd often are, considered in addition to dissolved solids. 
The calculations can be made by either method 2 or method 3. The 
values obtained by method 2 represent concentrations in the stream at 
station c and at station a and the difference between these two is the 

w. balance as shown in the computation for method 2 for dissolved solids. 
:Method 3 gives the actual concentration values for the llTigation 
input and for the drainaO'e output. The drainage output values are 
calculated but are derivea' from the same basic data as used in method 
2, so the reliability should be equally high. The balance for each ion 
is the difference between the drainage output value and the irrigation 
input value and is identical with the cOlTesponding values obtained 
by method 2 if identical concentration values are used. 

'fhe more important cations are calcium (Co.), magnesium (Mg) , 
and sodium (N a), and the more important anions are bicarbonate 
(HC03), sulfate (SO.), and chloride (01). The quantities can be 
reported in tons, as with dissolved solids, or in ton equivalents. The 
latter unit is obtained by dividing the quantity in tons of the ion 
present by its equivalent weight. The equivalent weights for the 
ions listed above are shown in the Appendix. When reported in 
ton equivalents, the sum of the cations theoretically must equal the 
sum of the anions, and the agreement or lack of agreement between 
the'3e two is an indication of the completeness and accuracy of the 
analysis. 

Equation 4 is used for method 2 as shown in the example for method 2, 
and the steps are outlined in the example for method 3. The arithmetic 
can be simplified for machine calculn.lion by the use of proper constants. 
These constants are shown in the Appendix (p. 23). Regardless of 
how the calculations are made, the following s(;eps are involved. 

The weighted mean concentration of the ion in milliequivalents 
per liter is multiplied by its equivalent weight to obtain parts per 
million. This value is muitiplied by the constant 0.00136 for tons 
per acre-foot, and this is multiplied by the total acre-feet of water 
to get total tons. Ton equivalents are calculated as indicated above. .. Table 2 illustrates this type of data and reportjng . 
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TABLE 2.-1'he relat·ionship between 01ltpUt and inpu.t oj water, salt, and salt constituents for the lilesilla l'alley division 

I 
~ oj the Rio Grande project jor the year 1947. Calculations by methuas 2 and 3 

Method 21 Method 3 12 

Constituent Unit Output Input Station c Drain- Irriga- Output ~ 
station c station a minus age tion minus ... 

station a output input input ~ 
CCI 
o 

(1) (2) (3) (4) (5) (6) (7) (8) 
q 

VVater________________________________________ K.aL __________ f/l459 686 245 472
Electrical conductivity (EO) _____________________ lViicromhos/cm__ 1,264 864 1,617 868 -------- t:::I
Dissolved solids (DS) ___________________________ T.a.L__________ l"J1. 12 O. 80 1.40 O. 80 --------
Calcium (Ca) __________________________________ Meq./L ________ ~ 

4.36 5.25 3.373. 36 -------Ma/?ncsium (Mg) _______________________________ Meq./L ________ 1. 65 1.29 1. 96 1.29 --------SodIUm (Na) __________________________________ --------- ~Meq./L ________ 6. 74 3.97 9.18 3. 99 
Sum of catioIls _______________________________ Meq./L ________ 1.;12.75 8.62 16. 39 8.65 -------

Carbonate+bicarbonate (as C03) _________________ Meq./L ________ ~ 3. 65 2. 99 4. 23 2.99 --------Sulfate (SO,) __________________________________ Meq./L ________ --------
5.61 3.97 7.05 3.98 -------Chloride+nitrate (as Cl) 3 _______________________ Meq./L ________ 3.49 1.66 5.11 1. 68 -------- ~ 

Sum of anions _______________________________ Meq./L ________ 12.75 8. 62 16.39 8. 65 -------- ~ 
Dissolved solids (DS) ___________________________ K. tons ________ 514.08 548. 80 -34.72 343.00 377. 60 -34.60 

'( 



.~• . + .. '.. • 

Cal(\ium (Ca) __________________________________ K. tons________ 54. 54 62.82 -8.28 35.06 43.35 -.8..29 
MagnesiuIll CMg)- ______________________________ K. tons________ 12.52 14. 63 -2.11 7.94 10.07 -2.13 
Sodium (Na) __________________________________ K. tons________ 96.77 85.]9 +11.58 70.35 58.91 +1].44 
Carbonate+bicarbonate (as C03) ________________ K. tons________ 68.38 83.71 -15.33 42.30 57.60 -15.30 
Sulfate (SO~) __________________________________ K. tOlls________ 168.20 177. 90 -9.70 112.83 122.71 -9.88 
Chloride+nitrate (as CI) ________________________ Ie tOIlS________ 77. 25 54. 92 +22.33 60.38 38.24 +22.14 

f/1Total ions___________________________________ K. tons________ 477.66 479.17 -L 51 328.86 330.88 -2.02 

i 
~ Calcium (Ca) __________________________ (20.04)~ TeCj____________ 2,722 3,135 -413 1,749 2,163 -414 

Magnesium (Mg) ________.. __________ ----(12.16)1 TeCj____________ 1,030 1,203 -173 653 828 -175 aI 
Sodium (Na) ___________________________ (23.00)1 TeCj____________ 4,207 3,704 +503 3,059 2,562 +497 

Sum of cations _______________________________ Teq____________ 7,959 8,042 -83 5,461 5,553 -92 

Carbonate+biearbonate (as C03) _________ (30.01)1 Teq_____ ~______ 2,279 2,789 -510 1,409 1,919 -510 
Sulfate (SO,) ___________________________ (48.03)~ Teq____________ 3,502 3,704 -202 2,349 2,555 -206 ~ Chloride+nitrate (as CI) ________________ (35.46)1 Teq____________ 2,178 1,549 +629 1,703 1,079 +624 I::l 

._~~m~~ anions_______ .. _______________________ Teq____________ 7,959 8,042 -83 5,461 5,553J_---=:: ~ 
~ 

1 Method 2-SaJt burden at lower gaging station minus salt 3 By difference, i.e., sum of cations minus the sum of carbonate 
burden at upper gaging station; method 3-caleulated output plus bicarbonate plus sulfate. ~ 
minus measured input. • Equivalent weight divided into the tons of the constituent Q 

2 The data from stations c and a that are needed for calculations gives the ton equivalents. For bicarbonate, the equivalent !Xl
by method 3 ::ire shown .in columns 3 and 4. The concentrations weight of carbonate is used, since it is assu!lled that all of the I::'.l 
at station bare: ECX 106, 860; DS, 0.80; Ca, 3.34; Mg, 1.29; Na, bicarbonate ion in the solution will be converted to carbonate on 
3.95; C03, 2.98; SO~, 3.96; and Cl, 1.64. drying. i 

~ 

..... ..... 
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The cations and anions in table 2 were made to balance exactly by 
rep()rting Cl+NOaby dijference. Thi~ is only a very minor correction 
but, if it were not made, 'the sum of cations in ton equivalents would 
not exactly equal the sum of anions in ton equivalents as shown in the 
table. This table illustrates a phenomenon that is frequently en
countered in salt-balance data. The output of sodium and chloride 
ions was greater than the input, even during this year of adverse salt 
balance. It is apparent, therefore, that salts being discharged with 
the drainage water are not necessarily the same salts that entered 
with the irrigation water. 

RESULTS 

The basic data of this report include thousands of streamflow 
measurements and hundreds of water analyses. These are summa
rized in tables 3, 4, and 5. 

In each table, column 2 shows the measured volume of irrigation 
input (VtlD) in thousands of acre-feet per year. Column 3 shows the 
annual weighted mean concentration of dissolved solids in the irriga
tion water (O/tIJ) in tons per acre-foot; column 4 shows the discharge 
(Va) and column 5 the concentration eOa) at gaging station a above 
the point of diversion of the irrigation water. Column 6 shows the 
discharge (Vb) and column 7 the concentration (0&) at site b; column 
8 shows the discharge (V.) and column 9 the concentration (Oe) at 
the gaging station c below the drainage return. Column 10 reports 
the annual salt balance (SB) in kilo tons per year. Negative values 
in this column indicate an adverse salt balance, i.e., the output of 
salt (VdtIJOdlD) is less than the input (VtIDO!tIJ) of equation 1. 

The Salt-Balance Index (SB!), shown in column 11, is defined in 
equation 9. It is particularly useful in the comparison of salt
balance conditions on different projects. The negative value that 
appears in this column of table 3 is a reflection of the extreme drought 
conditions that prevailed in the Rio Grande Basin in the 1950's. It 
results from the fact that the salt burden at station c was less than at 
station b so that VdlDOdlD comes out as a negative value. when calculated 
by equation 7. 

Columns 12 and 13 report the leaching-requirement ratios. The 
negative value in column 13 of table 3 may represent storm water of 
low salt content that appears as drainage return. Note that 0. is 
less than 0&. This would explain the fact the OtlD is higher than the 
indicated value for OdlD' 

Table 3 reports the findings for the Rincon Valley division. This is 
the upstream division and the smallest of the three divisions of the 
Rio Grande project ,vith an irrigated area of approximately 17,000 
acres. The salt-balance conditions were generally favorable prior to 
the drought years. The average SBI is 1.24 for the 15-year period 
1938-52. 

The findings for the Mesilla Valley division are reported in table 4. 
This is the second division, in the downstream order, and also the 
largest. The irrigated area is approximately 80,000 acres. Salt
balance conditions were unfavorable during 5 of the 15 years under 
study. The :l.verage SBI is 1.05. 
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TABLE 3.-Salt balance and leaching requirement, Rincon Valley divis·ion, Rio Grande project, jor the 15-year period, 
1938-52 

Rio Grande 
Irrigation Leaching

input Salt- Salt- requirement
Above Pereha Below Pereha Above Leasburg balance balance 

Year Dam Dam Dam (SB) index ~ 
method (SBl) 

3 
Vd .. J G,.'V,,. G,.. Va Ga Vb Gb V. G. 
Vi.. Gil. I(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

BK.a·f· T.a·f· K.a·f· 7'.a·f· K.a·f· T.a.f. K.a.f. T.a·f· K. tons1938 _____________ 
79 O. 65 780 O. 65 701 O. 65 747 O. 73 38.31 1.75 0.58 0.331939_____________ 
84 .70 789 .70 705 .70 738 .76 8. 58 1. 15 .39 .341940 _____________ 
81 .82 732 .82 651 .82 690 .87 .06 1.00 .48 .481941_____________ 
73 .82 704 .82 631 .82 686 .87 19. 54 1. 33 .75 .571942_____________ 

101 .57 I, 796 .57 1,61)5 .57 1,764 .60 34.68 1.60 .68 .431943 _____________ 
104 .56 912 .56 808 .56 861 .63 31.71 1.54 .51 .33 i1944 _____________ 
108 .63 866 .63 758 .63 807 .71 27. 39 1.40 .45 .321945_____________ 
104 .65 883 .65 779 .65 816 .69 -10.91 .84 .36 .421946_____________ 
100 .64 764 .64 664 .64 735 .70 25. 54 1. 40 .71 .511947_____________ 
87 .74 725 .74 638 .74 686 .80 12. 30 1. 19 .55 .461948 _____________ 
86 .75 742 .76 656 .76 687 .81 -6.59 .90 .36 .401949 _____________ 92 .60 712 .60 620 .60 690 .66 28. 20 1.51 .76 .501950_____________ 89 .62 719 .62 630 .62 707 .68 34.98 1. 63 .87 .531951_____________ 
55 .97 469 .96 414 .95 432 .90 -57.85 -.08 .33 -3.881952_____________ I65 .58 545 .59 480 .60 483 .71 17. 23 1.46 .05 .03 

I Vol,. V c- 2 CilDV h C'ID 
V,,,, =I-v.:-

[ 
l'cCc- VhCb]Col", 


Vc- Vb 
 .... 
~ 
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TABLE 4.~Salt balance and leaching requirement, Mnilla Valley division, Rio Grande project,jor the 15..year period, .... 
1938-52 

~ 

Uio Grande 
I.eaclling 

Irrigation input Salt- Salt. requirement 
Above I,easburg Below Leasburg Above American balance balance I 

Dam Darn Dam (SB) indexYear 
method (SBI) ~ 

3 

IV".. I C,,,,I
Vi.. CiID Va Ca Vb Gb Ve Ce 

V,,,, C•• 

(4) (5) (6) (7) (8) (9) (10) (11) (12) (13)(1) (2) (3) ~. ...
K.a·f· 'l'.a.f. K.a.j. '1'.a·f· K.a.f. 'l'.a.f. K.a.f. 'l'.a.j. K. tons N1938 _____________ 

431 O. 74- 747 O. n 316 O. 73 555 1. 00 55. 33 1.17 O. 55 O. 47 10
1939_____________ o478 .76 738 .76 260 .76 512 1.15 27. 92 1.08 .53 .49 
HHO______ ~ ___ - -- ('90 .87 254 .87 454 1. 25 -37.16 .90 .46 .51436 .881941 _____________ .87 b86 .87 2!H .86 511 1.21 24. 40 1. 07 .56 .52 ~3951042_____________ 

525 .62 1,764 .60 I, 239 .60 I, ,'j59 .79 162. 71 1. 50 .61 .41 !»1943_____________ 
537 .64 861 .63 324 .63 632 1. 02 96. 84 1.28 .57 .45 

1944 _____________ 807 .71 299 .70 612 1. 07 84. 86 1. 24 .62 .50508 .711945_____________ 
548 .70 816 .69 268 .60 569 1. 09 51. 69 1. 13 .55 .48 

1946_____________ 231 .70 498 1.11 38.28 1.11 .53 .48 ~ 504 .70 735 .701947_____________ .80 214 .80 459 1. 12 -34.72 .91 .52 .57472 .80 686 o1948 _____________ 469 . SI 687 .81 21S .83 432 1. 13 -72.67 . SI .46 .56 "!11949_____________ 
477 .66 690 .66 213 .67 464 1. 02 15. 75 1. 05 .53 . 50

)950_____________ 
463 .68 707 . liS 244 .67 47a 1. 05 18. 33 1. O(i .49 .47

1051 _____________ 
278 .90 432 .90 154 .89 2fj2 1. 23 -77.30 .69 .35 .51

1052 _____________ 
290 .69 483 .71 193 .73 284 1. 00 -56.99 .72 .31 .44 

-_._-

2I VdID Vc - V h C iw Ci.. 

ViUl=~ Cdw VcCc- VbCI'] I
[ Vc- Vb 

...,.
~ ... 
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TABLE 5.-Salt balance and leaching requirement, El Paso Valley division, Rio Grande project, jor the 15-year peri(Jd, 
1938-52 

Rio Grnndc 
Irrigation Salt- Leaching
input balance Salt- requirement

Year Above American Below American At county line (SB) balance ~ 
Dam I Dam I method index 

3 (SBI) 
Vol," C,..3 

V,. C,.. Va Ca Vb Cb V. C. Vi. Cd.. i(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (ll) (12) (13) 

1938 _____________ K.a.f. T.a·f· K.a·f· ']'.a.f. K.a.f. T.a·f· K.a.J. T.a·f· K. ton8 ~ 
1939 _____________ 428 1. 08 526 1.09 98 1. 15 331 2.02 93.68 1. 20 O. 54 O. 45 
1940 _____________ 387 1.15 451 1. 16 64 1. 25 228 2. 47 38. II 1.09 .42 .39 
1941_____________ 385 1.23 396 1.26 11 1.48 199 2. 54 15.63 1.03 .49 .47 

383 1.21 456 1.22 73 1. 25 325 2. 38 218. 82 1. 47 .66 .451942 _____________ 
1943_____________ 434 .84 1,475 .79 1,0<11 .77 1,300 1. 12 289. 87 1.80 .60 .33 
1944_____________ 502 1.02 570 1. 03 68 1. 15 311 2.02 37. 98 1. 07 .48 .45 I
1945 _____________ 446 1. 07 550 1. 08 104 1. 11 310 2.16 76. 94 1. 16 .46 .40 
1946 _____________ 408 1.05 508 1. 09 100 1.26 281 2.29 89.09 1.21 .44 .37 
19i7_____________ 373 1. 09 437 1. 12 64 1.27 214 2. 65 79. 25 1.19 .40 .34 

359 1. 12 401 1. 13 42 1.32 179 18. 62 .38 .3619i8_____________ 2.66 1. 05 
1949 _____________ 343 1.11 371 1.14 28 1.51 186 2.58 56. 87 1. 15 .46 .40 
1950 _____________ 349 1. 00 403 1.03 54 1.23 241 2. 39 160.57 1.46 .54 .37 
1951_____________ 335 1.03 412 1.06 77 1.18 229 2.44 122.85 1.36 .45 .33 

208 1.23 219 1. 25 II 1.75 69 3.22 -52.91 .79 .28 .351952 _____________ 218 1.00 234 1. 03 16 1.39 70 3. 06 -26. 04 .88 .25 .28 I 
J Net, not including flow in Acequia Madre; see text. Ciw Ci .. 

'Vd• V.- Vb Cd'D V.C.- VbC"l 
[ _.V, ..=-v;:- V.- Vb J 

C1I 
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The EI Paso Valley division is the downstream division. It has an 
approximate irrigated area of 52,000 acres. Salt-balance conditions 
were unfavorable during the last 2 years only, but this division suffered 
severely during the drought. The SBI averages 1.19. 

The LR values are shown in columns 12 and 13 of each table. It 
will be noted that for positive values of SB the volume ratios 
(V"../V'tD) are greater than the concentration ratios (OIIDOdlD), and 
vice versa for negative values. It was pointed out above that, 
when SB=O, these tworatios are identical.· This is illustrated in the 
1940 entry of table 3 where both ratios have the value of 0.48. 

In order to interpret SB on a quantitative basis and relate it to the 
salinity conditions of the soil, a new criterion is needed. Such a 
term should apportion the SB 'lJO a unit area of irrigated land. The 
term "Salt Balance per Irrigated Acre" (SBa) is suggested, and defined 
as 

SB=SB (10)
a A 

where A is the total irrigated area, in acres, of the project for which 
SB is the salt balance. 

Table 6 reports the SBa for the three divisions of the Rio Grande 
project based on the data of tables 3, 4, and 5. The algebraic sign 
or SBa is the same as for SB. A negative sign indicates the tendency 
for salt to accumulate in the soil, whereas a positive sign indicates a 
net removal of salt. An error is inherent in these calculations because 
of the uncertainty as to the total area involved. The calculations 
are based on the irrigated acreage, but a larger area is affected by 
the salt accumulation or removal. For instance, the irrigated area in 
the Mesilla Valley is approximately 80,000 acres, but the total area 
of the valley is nearer 110,000 acres. This latter figure includes the 
riverbed, canals, roads, and other non irrigated areas. The affected 
area is probably somewhere between these two figures. This means 
that the SBa values in table 6 are high in all cases, but the error is 
less than 20 percent if it is assumed that the affected area is the mean 
of the two extremes shown above, or 95,000 acre::. The SBa values, .. 
therefore, appear to be in the right order of magnitude and sufficiently 
accurate for the purposes intended. 

The leaching requirement concept has its greatest usefulness in de
fining or anticipating salinity conditions in the root zone of the soil. 
Since, however, the data at hand represent results obtained from 
areas covering a wide variety of crops, soils, and management practices 
over a 10nO' period of time, the range of OdlD under such conditions 
should be determined. Equation 8 is used to obtain values as calcu
lated from the data of tables 3,4, and 5 (table 7). 

The 0"", values in table 7 are from two to three times as high as the 
corresponding GIUJ values. The weighted means are in the range 
usually encountered in similar irrigation projects. All but the 1950-52 
values are nonsaline, and these latter, with one exception, are only 
marginal. ... 
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TABLE 6.-Salt Balance per IrrigatM Acre (SB.) jor the three divisionsoj the Rio Grande project jor the 15-year period, 1988-52 

SB.for-

Year 
Rincon Mesilla El ,Paso
Valley Valley Valley

division division division 

1938_____________________________ _ Tons/acre Tons/acre TOM/acre1939_____________________________ _ 2. 71 O. 75 1. 88 
1~40_____________________________ _ 

o
.60 .38 .741941_____________________________ _ - .49 .301942_____________________________ _ 1.28 .31 4. 06

2.18 2.00 5. 33
1943 ________,__ • __________________ _1944_______________________ 1. 95 1. 17 .691945_____________________________ _ 1.71 1.02ft 1. 391946_____________________________ _ -.67 .62 1. 611947_____________________________ _ 1. 50 .46 1.42

.71 -.41 .331948_____________________________ _1949_____________________________ _ -.40 -.87 1.021950_____________________________ _ 1. 59 .19 2.831951 _____________________________ _ 1. 98 .22 2. 171952_____________________________ _ -3.43 -.92 -.95

.98 -.67 -.46 

TABLE 7.-0oncentration oj dissolved soUds -in the drainage water, 0,..,jor the three divisions oj the Rio Grande projectjor the 15-year period,1938-52 

Ci.. for-

Year 
Rincon Mesilla El Paso
Valley Valley Valley

division division division 

1938______________________________ 
T.a.J.

1.95 
T.a.f.

1.57 
T.a.J.

2.391939______________________________ 2.04 1.55 2.951940______________________________ 1.70 1.73 2.601941______________________________ 1.44 1.671942______________________________ 
2.71

1. 34 1. 53 2.53 
1943______________________________ 1.70 1.43 2.261944______________________________ 1.95 1.42 2.691945______________________________
1946______________________________ 

1. 53 1. 45 a 86
1.26 1.46 3.241947______________________________ 1.60 1.40 3.07

1948______________________________ 1. 87 1. 441949______________________________ 
2.77

1. 19 1. 32 2.721950______________________________ 1.17 1. 45 3.081951______________________________ -.25 1.76 3.501952______________________________ 18.31 1. 57 3.55
(----------(---------r---------Weighted mean________________ 1.55 1. 50 2.75 
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DISCUSSION 

The results here presented make it possible to evaluate and compare 
SB and. LR as criteria for defining certain salinity problems or 
conditions. .iII 

SALT BALANCE 

Salt balance (SB) has been in use for more than 25 years. It has 
been applied to the data from several irrigation projects and has 
proved particularly useful for indicating trends in salinity conditions. 
Observations covering only a single year, or at most 2 or 3 years, 
might be misleading, however, as reference to the tables will indicate. 

The Rincon Valley division had only 3 years of unfavorable salt 
balance as shown in table 3. The situation in 1945 was attributed to 
an unsatisfactory functioning of the drainage system. This was 
corrected promptly, and a favorable salt balance resulted the following 
year. This illustrates a very practical application of the salt-balance 
in ves tigations. . 

The Mesilla Valley and EI Paso Valley divisions show 5 and 2 
years, respectively, of unfavorable salt balance. The trend in each 
instance is toward less favorable conditions as the drought period of 
the 1950's is approached. 

It has been observed on a number of irrigation projects that salinity 
conditions develop after one or more years of unfavorable salt balance. 
This is illustrated and verified by calculations involving SBa. A 
negative value of this criterion indicates the quantity of salt, in tons 
per acre per year, left or deposited in the soil. Such a factor is 
additive, so that the cumulative SBa is an indication of the total 
quantity of salt added to the soil over a series of unfavorable years. 
As an illustration of this. type of calculation, the cumulative SBa 
values for the period 1951-59 were worked out, although the basic 
data are not shown in this paper. The values were 14 tons per acre 
for the Mesilla Valley division, and 18 for the EI Paso Valley division. 

An estimate can be made of the increase in the salinity of the soil 
solution caused by the addition of these quantities of salt. Assume 
that soil weighs 2,000 tons per acre-foot (4,000,000 pounds). Deter
mine the depth, in feet, in which the salt is distributed in the profile 
and multiply by 2,000 to get the weight. Divide the cumulative 
SBa value by this weight and multiply by 100 for the percentage of 
salt in the soil. Because of the drought conditions, it is assumed that 
most of the salt was accumulated in the top 3 feet of soil. The 
percentage of salt added to the soil would then be 0.23 for the Mesilla 
Valley and 0.30 for the EI Paso Valley. Reference to figure 7, page 17 
in Handbook 60, U.S. Salinity Laboratory (9), indicates that these 
quantities of salt would increase the conductivity of the saturation 
extract (EO. X 103) by about 4 mmhos/cm. in fine-textured soil, by 
8 in a medium-textured soil, or by 16 in a coarse-textured soil. These 
are increments of salt added to the salinity present at the start of the 
period. Likewise, it should be realized that these are only estimates. 
but they appear to be in the right order of magnitude. 

The conductivity of the saturation extract (EO.) as an index of 
soil salinity was introduced by Scofield in his report on the Pecos 

., 
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River Joint Investigation to the U.S. National Resources Planning 
Board (8) and subsequently was modified slightly by the U.S. Salinity 
Laboratory (9). The conductivity scale extends from 0 to 16 mmhos/ 
cm. at 25° C. and encompasses the plant growth range. Only a few 
crops of very high salt tolerance will yield satisfactorily when the 
EO. is greater than 16, and the number of crops that will do well in 
the ra.nge of 8 to 16 mmhos/cm. is very limited. These comments 
on the salt tolerance of crop plants are included to emphasize the fact 
that the cumulative SBa values, shown above, are sufficiently high to 
account for the serious salinity problems that were encountered during 
the latter years of the drouooht. 

Salt-balance studies, such as those reviewed above, make it possible 
to evaluate and, to some extent, anticipate the development of salinity 
conditions in an irrigated area. When the reports are on an annual 
basis, they provide little or no help for the current irrigation season. 
II current information would be useful in the management of an ir
rigation and drainage system, some information could be obtained by 
calculating monthly salt balances. These might show considerable 
departure from the final annual reports but might indicate trends 
that should be significant. 

LEACHING REQUIREMENT 

Leaching requirement (LR) has been most useful in defining the 
fraction of the irrigation water that must be leached through the root 
zone to control soil salinity at any specified level. As an example, 
suppose that the irrigation water has a salt content of 2 t.a.!. (Otlll 
=2). Further, it is desired to grow a crop that has a relatively high 
salt tolerance. It can be assumed that the crop can tolerate a salt 
concentration of 8 t.a.f. (Oet..,=8) in the water passing below the root 
zone, TheD, if V(..,= 1 acre-foot, Vet.., will be 0.25 acre-loot as cal· 
culated by equation 3. Thus, it is indicated that 25 percent of the 
applied irrigation water must leach through the root zone to prevent 
the salinity from increasing to a concentration higher than 8 t,a.f. 
Such calculations assume exact salt balance, B condition that is 
seldom met in the field. This need not detract from the usefulness 
of the LR concept, however, since it can be looked upon as minimum 
ra.ther than the exact quantity of leaching required for salinity control. 

The LR volumetric ratios (Vet",/V11D) for the Rincon Valley, as 
reported in table 3, range from 0.05 to 0.87 and show no particular 
groupin~. For the Mesilla Valley division, table 4 shows that more 
than hall the values fall within the range of 0.51 to 0,60, and values of 
0.52 or less are associated with unfavorable salt balances. The cor
respondin~ data for the EI Paso Valley division indicate that approxi
mately hB.lf the values fall within the range of 0.41 to 0.50, and values 
of 0.28 or less are associated with adverse salt balances. The LR 
value of 0.52 for the Mesilla Valley division is higher than should be 
required, considering the salt tolerance of the crops being grown. 
A.pparent,ly some peculiarity of the system makes it necessary to 
maintain this high LR in order to avert an unfavorable salt balance. 
The value of 0.28 for the EI Paso Valley division is in line with the 
cropping pattern in the valley. 
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Some irrigation pra.ctices do not yield sufficient data for salt 
balance calculations. In such situations, LR can often be used to 
advantage. Areas irrigated from wells seldom require drains. As a 
consequence, the drainage output cannot be measured or sampled, so that 
salt-balance calculations are not possible. A similar situation usually ... 
prevails under sprinkler irrigation, especially if only s.upplemental 
irrigation is required. LR calculations can give an estimate of the 
quantity at water that must leach below the root zone in order to 
control salinity at any specified level. 

Now to compare the two criteria. SB is more suitable for salinity 
appraisal on a project-lvide basis. Trends in salinity conditions are 
readily recognized by such studies. SB" calculations lead to estimates 
of the intensity or magnitude of salinization that follows several years 
of unfavorable salt balance. 

The leaching-requirement concept is most useful in anticipatin~, and 
in providing inCormation for the control of, salinity conditions ill the 
root zone 01 the soil. It can be applied even where drainage-output 
data are not available. 

SUMMARY 

The two criteria, salt balance (SB) and leaching requirement (LR), 
are compared as to their usefulness in describing and evaluating 
salinity conditions on an irrigation project. 

The terms are defined and the interrelationship of the two is shown. 
Three methods for the calculation of salt balance are outlined as 
follows: Method 1, output of salt minus input of salt, where observed 
values are used; method 2, salt burden of the stream at the gaging 
station below the project minus the salt burden at the gaging station 
above the project; and method 3, calculated output of salts minus 
the measured input of salts.. Method 3 is a new procedure that pro
vides, in addition to salt-balance data, calculated values for both the 
volume and salt concentration of the drainage-return water. From 
such data the leaching requirement is calculated. The accuracy of ) 

the three methods of calculation is compared by _the use of data from 
irrigation prol' ects in the Rio Grande Basin. Method 1 is shown to 
be of donbtfu accuracy in this situation because of the near impossi
bility of obtaining satisfactory data for the drainage return. Methods 
2 and 3 yield very similar results for salt balance, the accuracy oC 
which is limited only by the accuracy of the data. Except as noted, 
method 3 was used in this bulletin in order to obtain data. for the 
leaching-requirement comparison. 

This bulletin is based on a cooperative investigation between the 
U.S. Bureau of Reclamation, the U.S. Section of the International 
Boundary and Water Commission, and the U.S. Salinity Laboratory, 
and has been in progress for more than 25 years. The field work, 
including the stream gaging and the collection of water samples, wllS 
done by the Bureau of Reclamation and the International Boundary 
and Water Commission. The chemical analyses of the water samples 
were made at the Salinity Laboratory. The area covered by the 
study is the Rio Grande project in New Mexico and TexllS. 

Tabular data show annual values for SB and LR for each oC the 

three divisions of the Rio Grande project for the 15-year period, 
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1938-52. The two criteria are discussed and compared in relation 
to salinity conditions on the projects. Data for the drought years 
subsequent to 1952 are not lDcluded because they are not repre
sentatIve and, as a consequ'3nce, the conclusions reached in this 
paper are not applicable to them. 

A new term, "Salt Balance per Irrigated Acre" (SB.), is introduced 
and defined. With this criterion, an estimate of the increase in 
concentration of salt in the saturation extract of the soil is possible. 
The cumulative SR. values, covering the period 1951-59, are suffi
ciently high to account for the salinity conditions that developed
during the drought years. 

The findings support the conclusions that
(1) Salt balance is a reliable and useful indicator of year-to-year 

trends in salinity conditions on irrigation projects. Salt-baltUlce 
data can be interpreted in terms of the average increment of salt 
added to the soil extracts; 

(2) Leaching requirement is a reliable criterion for anticipating 
the leaching that would be necessary in order to prevent the salinity
in the soil from exceeding a specified level. 
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APPENDIX 

SYMBOLS AND ABBREVIATIONS 

EO ________ Electrical conductivity in mhos/cm. unless otherwise specified. 

EOXI03____ Electrical conductivity in millimhos/cm. (valueinmhos/cm. X 103). 

EOX 1()&__ __ Electrical conductivity in micromhos/cm. (value in mhos/em. X 1()&).

ESP__ ____ _ Exchangeable-sodium-percen tage. 

SAR _ _ _ _ _ _ Sodium-adsorption-ratio. 

SB________ Salt balance expressed iIi kilo tons per year. 

LR________ Leaching requirement, see definition p. 4 and equation 3. 

mho_______ Reciprocal ohm (ohm spelled backward). _ 

mmho______ Millimho. 

"'mho______ Micromho. 

k.a.L ______ Kilo acre-feetj used to lILeasure volume (If) of water-acre-feet 

divided by 1,000. 
k. 	tons_____ Kilo tonsj used to measUre quantity (VO) of dissolved solids-tons 

divided by 1,000. 
meq _______ Milliequivalent. 

meq./l______ Milliequivalent per liter. 

p.p.Ill______ Parts per million. As commonly measured and used, parts per mil

lion is numerically equivalent to milligrams per liter. 
t.a.L_______ Tons per acre-foot; used to measure concentration (0) of dissolved 

solids or ionic constituents in water. 
teq ________ Ton equivalents; used to measure quantity of ionic constituents

quantity of ionic constituent in tons divided by its equivalent Ir, 
weight (see table below in Appendix). 

CoNVERSION FORMULAS AND FACTORS 

Conductivity to milliequivalents per liter: 
meq./l.=O.OlX (EOX l(Y1), for irrigation waters in the range 100 to 5,000 micro
mhos/em.

Conductivity to parts per Illillion: 
p.p.m.=0.64X (EOX 1()'l) , for irrigation waters in the range 100 to 5,000 micro
mhos/cm. _ 

Parts of salt per million parts of irrigation water to tons of salt per acre-foot of 
water: 

tons per acre-foot (t.a.f.) =0.00136 X p.p.m. 
Grains per gallon to parts per million: 

p.p.m.=17.1 X grains per gallon. 
Milliequivalcnts per liter (from chemical analyses) to parts per million: 

Multiply meq./l. for each ion by its equivalent weight. 
Parts per million to milliequivalents per liter: 

Divide p.p.m. for each ion by its equivalent weight. 
22 
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Cotl8tanls used in saU-balance calculatiotl8 

Equivalent Constant
Ion weight (tons/a.f./ l/constant

meq./l.) 

Ca______________________________ _ 
i\fg______________________________ _ 20. 0-1 0.. 027,254 36.69 
N·a ______________________________ _ 12.16 .016,538 60. 47 
I{_______________________________ _ 23.00 .031,280 31. 97 

39.10 .053,176COa+RCOa (as COa) ______________ _ 18.81
130.0t .040,814 2-1. 50SO~------________________________ _

01 ______________________________ _ 48. 03 .065,321 15.31 
N0 _____________________________ _ 35.46 .048,226 20.74 

3 62.01 .084,334 11.86 
I 

I Equivalent weight of carbonate. 
Derivation using Ca as thc example: 

Let Ca=1.00 meq./l.; acrc-feet= 1.00 
Ca(p.p.m.)= Ca(meq./l.) X 20.0-1= 1.00X 20.04=20.04 
Ca(t.a.f.) =Ca(p.p.m.) X 0.00136= 20.04X 0.00136=0.027,254 
Ca(tons) = Ca(t.a.f.) X acre-feet= 0.027,25-1X 1.00=0.027,254= Constant

Use: 
Ca(tons) = Ca(meq./l.)X acre-feetX constant, or: 

Ca(tons) Ca(mcq./l.) X acre-feet 

l/constant 


Ca(tons)Ca(tcq.) 20.0.1 ' or 

Ca(teq.) = Ca(meq./l.) X 0.00136X acre-feet 
DS (tons)=DS(p.p.m.) X 0.00136X acre-feet, or: 
DS (tons) = DS(t.a.f.) Xacre-feet. 
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