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ABSTRACT 

Rhoades, J.R., 1989. Intercepting, isolating and reusing drainage waters for irrigation to conserve 
water and protect water quality. Agric. Water Manage., 16: 37-52. 

Theoretical and conceptual evidence is given along with four case examples to show that a loss 
of usable water occurs in the total water supply when agricultural drainage waters are returned to 
the water supply, even when blending is carried out such that apparently safe limits of salt con- 
centration are not exceeded in the final mixture. An alternative means of managing agricultural 
drainage waters is offered that provides a greater practical benefit to be derived from the total 
water supply than does blending. 

INTRODUCTION 

It is sometimes claimed that  the return of agricultural drainage to our water 
supplies is beneficial from the point of view of conserving water and increasing 
water use efficiency (Davenport and Hagan, 1982). Water quality agencies 
commonly deal with agricultural drainage return problems by setting allowable 
concentrations of total salts and specific solutes in the waters that are returned 
to the water supply system and to implement regulatory practices for blending 
or diluting the drainage waters with a good-quality water such that the con- 
centration of total salt (or of a specific solute) in the blend will not exceed a 
value (the so-called safe limit) that is deemed allowable in the water supply. 
Such claims and regulatory practices are short sighted; they do not recognize 
the potential deleterious effect that the discharge of agricultural drainage water 
to our surface and groundwater supplies and such blending - whether it is 
natural or intentional - can have upon the usability of the total- and the re- 
ceiving-water supplies. The ultimate objective of water quality protection should 
be to permit the maximum practical benefit (use) to be derived from the avail- 
able water supply. Water quality protection programs which dispose of agri- 
cultural drainage waters through blending practices do not protect the quality 
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of our water supplies. The blending process limits the maximum practical ben- 
efit that  can be derived from the total water supply. The return of saline waters 
to the water supply, even when sufficient dilution occurs to keep the salinity 
of the mixture within apparently safe limits, reduces the quanti ty of the water 
supply that  can be used in consumptive processes which are limited by salt 
concentration, such as the growth of salt-sensitive crops. 

Broadly speaking, users of a water supply may be classified into two groups: 
(1) those who consume the water in the process of use, and (2) those who use 
it without appreciable consumption. Type (1) users suffer disbenefit in the 
"blending" philosophy of water quality protection. The purposes of this paper 
are to provide evidence - theoretical and conceptual - that  the blending ap- 
proach typically used for water quality protection is deficient for its intended 
purpose and to offer an alternative approach for dealing with the "disposal" of 
saline agricultural drainage waters that  provides a greater practical benefit 
from the total water supply than blending does. While the advocated strategy 
is one that  is "tailored" to western U.S.A. conditions, the principle has wide 
applicability throughout the irrigated world. 

THEORYANDPROCEDURES 

In considering reuse, it is important  to recognize that  the total volume of 
any natural water supply cannot be beneficially consumed for irrigation and 
crop production; the greater its salinity*, the less it can be consumed. The 
practice of blending or diluting excessively saline waters with good quality water 
supplies should only be undertaken after consideration is given to how it af- 
fects the volume of consumable water in the total supply. 

Plants  must have access to water of a quality that  permits consumption 
without the concentration of salts (individually or totally) becoming excessive 
for adequate growth. In the process of transpiration, plants separate nearly 
pure water from the salt solutions present in the rootzone and the salts are 
concentrated in the remaining unused soil water. This water ultimately be- 
comes drainage water. A plant  will not grow properly when the salt concentra- 
tion in the soil water exceeds some limit specific to it under the given condi- 
tions of climate and management  (Bernstein, 1975). Thus, it is obvious that  
not all of the water in a supply can be consumed by a plant, if the water contains 
salt. 

A series of case examples were simulated to illustrate some of the preceding 
conclusions. In these examples, the factor limiting crop growth is assumed to 

*Salinity (a term referring to the total content of soluble inorganic constituents in the water) is 
generally limiting in this regard, but certain individual plant-toxic constituents, such as boron, 
may be in special cases. The term salinity will be used herein in a general sense to mean the 
presence of total dissolved salts and/or individual toxic constituents, like boron. 
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be the presence of excessive total dissolved salts, but an analogous case could 
also be made for boron or any other constituent that  is toxic to plants. Calcu- 
lations of the salinity of the soil water within the rootzone are made from 
knowledge of the salinity of the irrigation water (ECiw) and leaching fraction 
(L, the ratio between the volume of drain water and the volume of infiltrated 
irrigation water) after the method of Rhoades (1984c, 1986). Relative crop 
yield is calculated from the predicted average soil water salinity, knowledge of 
the plant tolerance to salinity and the assumption that  crops respond to the 
average salinity within their rootzone (Ingvalson et al., 1976). The water-up- 
take distribution within the irrigated rootzone is assumed to be 40: 30: 20:10 
by successive quarter-depth fractions; steady-state chemistry and "piston-dis- 
placement-type" water flow are also assumed. Each of these assumptions is 
sufficiently true that  the results are reasonable (Rhoades and Merrill, 1976). 
The required leaching fraction, L ,  is taken to be that  value of L required to 
keep the average salinity of the rootzone from exceeding the tolerance level of 
the crop (the maximum level that  the crop can tolerate without loss of yield, 
EC'e; a lower value can be used, if loss of yield can be tolerated ). 

The average level of soil salinity (expressed as the electrical conductivity of 
the saturation-paste extract, EC~) within the crop rootzone resulting from the 
long-term irrigation with a water of ECiw is predicted from 

EC e ----- F c "  ECiw ( 1 ) 

where ECiw is the electrical conductivity of the irrigation water and F¢ is the 
relating concentration factor appropriate for L (see Fig. 1 ). A calculable rela- 
tionship exists between Fc and L; it is the same as that  existing between F'c 
and Lr, which is depicted in Fig. 1 (after Rhoades, 1982, 1984c). Assuming 
conventional irrigation management,  an ECiw of 0.5 d S / m  and L equal to 0.15, 
Fc is 1.51 and the average level of soil salinity within the active rootzone (EC~ 
basis ) is predicted to be 0.75 d S / m  ( -- 0.5 × 1.51 ). 

The leaching requirement is calculated when EC'e is used in eq. (1) and Fig. 
1. EC'e is taken as the maximum tolerable level of ECe in all cases herein. The 
maximum degree to which the irrigation water can be concentrated before sal- 
inity begins to reduce crop yield is given by F'c: 

maximum permissible salinity, EC'~ 
F'~ - (2) 

electrical conductivity of irrigation water, ECiw" 

The values of Ec'~ used were those given in the crop tolerance tables of Maas 
{1986)*. 

The fraction of the irrigation water that  can be consumed in evapotranspir- 
ation without yield loss is given by V~t/Viw, which is related to Lr as 

*Analogous values for B ~ are also given in this same reference. 
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Fig. 1. Relation between permissible average concentration factor for the rootzone (F'~) and the 
leaching requirement (Lr). 

Vet / Viw = ( 1 - L r ) .  ( 3 )  

In the case examples, the volumes of Viw were normalized by expressing 
them relative to Vet, i.e., for the case where Vet is taken to be equal to 1. The 
conditions of each case study are given in the following section. 

The results of the case examples illustrate how one can evaluate whether a 
saline drainage water is suitable for irrigation, or not, and whether blending 
drainage water with good quality water is likely to be detrimental, or not, with 
respect to reducing the volume of a water supply that can be used for crop 
growth without loss in yield. 

RESULTS AND DISCUSSION 

C ~ e l  

The conditions: use of a good-quality water of ECiw = 0.5 dS /m for the irri- 
gation of beans (EC" = 1.0 dS /m) .  This water is similar in salinity level to that 
of the irrigation water supply of the Westside Project in the San Joaquin Valley 
of California. 
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This water is judged suitable for the irrigation of beans, since the product 
(ECiw)" (Fc) is less than EC', at practical levels of leaching. For example, the 
predicted level of average salinity within the rootzone resulting from long-term 
irrigation with this water supply at L = 0.15 is only 0.75 d S / m  (0.5 d S / m  × 1.51; 
the value 1.51 was obtained from Fig. 1 ). Beans can tolerate a soil salinity of 
EC'e = 1.0 d S / m  without any loss in yield using conventional irrigation man- 
agement (Maas, 1986). The leaching requirement for this case, as obtained 
from Fig. 1, is even lower, i.e., 0.09. If beans were irrigated at this latter most- 
efficient level of leaching, the EC of the drainage water (ECdw) resulting from 
irrigation would be 5.55 d S / m  (ECiw/L; i.e., 0.5/0.09). Obviously one could not 
use this latter drainage water again to grow beans, since the resulting average 
rootzone salinity could not be kept within acceptable limits at any reasonable 
level of L. 

Case 2 

The conditions: use of the saline drainage water of EC = 5.55 dS/m,  as ob- 
tained in Case 1, for the irrigation of cotton (EC'e = 7.7 dS/m) .  

Water of EC----5.55 dS/m,  which was judged unsuitable for growing beans 
(see Case 1 ), is quite acceptable for growing cotton, since the predicted level 
of average rootzone salinity resulting from its use for irrigation is less than the 
E C '  e of cotton at practical levels of leaching. For example, the average Ece will 
be less than Ea'e for any value of L in excess of 0.17 (see Fig. 1 for the case of 
F'¢ =7.7/5.5).  When irrigated at L=0.17,  ECe will be 7.7 d S / m  and ECdw will 
be 32 d S / m  (5.5/0.17). 

Thus it is apparent that  the saline drainage water of EC = 5.55 d S / m  (that 
resulted from the irrigation of beans with the good quality water) could be used 
satisfactorily to grow salt-tolerant crops like cotton, barley, sugar beets, etc. It 
is also true that  the drainage volume needing ultimate disposal out of the proj- 
ect area would be greatly reduced through such reuse for irrigation within the 
project. In this case the percent reduction in volume of drainage water ulti- 
mately needing to be discharged is 83 [100-17;  one can also calculate this 
value using eq. (4) (see later ), i.e., 1 - 5.55/32 ]. The secondary saline drainage 
water of EC = 32 d S / m  that  resulted in this case can not be used again to grow 
cotton (or sugar beets, etc. ), since excessive yield losses would result. But this 
water is in a favorable condition for disposal or desalting, i.e., it is in a relatively 
small volume and at a relatively high salt concentration. 

Case 3 

The conditions: use of a blend of the good quality water (EC = 0.5 dS /m)  and 
the very saline drainage water (EC = 32 dS /m)  achieved in Case 2 for the irri- 
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gation of beans. The blend is made up of 40 units of the good quality water and 
1 unit of the very saline drainage water; the ECiw of this blend is 1.5 dS/m.  

It is concluded that  this blended water could be used to grow beans without 
yield loss {however a large penalty must be paid in doing so, as will be shown 
later), since the predicted resulting level of average rootzone salinity can be 
kept less than EC'e (1.0 d S / m )  but  only by irrigating at a very high and gener- 
ally impractical level of leaching (Lr=0.6, as obtained from Fig. 1 ). This very 
high level of required leaching makes the use of such water impractical for the 
irrigation of beans, except in very sandy soils. Even if used in such soils, the 
process of blending has reduced the volume of water in the total supply that  
can be used by the bean crop (or any other salt-sensitive crop) for evapotran- 
spiration, as shown in the following paragraphs. 

The relative volume of irrigation water required to meet ET and to achieve 
LF in this case is 2.500 units [1/(1 - L r )  ]. Of this volume, 1.500 units will pass 
through the rootzone to become drainage water ( Vaw = Viw- V~.~ ). Of the 2.500 
units of blended irrigation water, 2.439 units (40/41 ×2.500) consist of the 
good quality water of EC = 0.5 d S / m  and 0.061 units (1/41 × 2.500) consist of 
the very saline drainage water of EC = 32 dS/m. Thus, at best, only 0.061 units 
of the 1.50 units of volume of the drainage water that  resulted from irrigating 
this bean crop with the blended water could possibly have come from the drain- 
age water that  was put  into this blend. Therefore, the rest (1.439 units ) must 
have come from the good-quality water put  into the blend. This amount  of 
drainage water is much higher than that  for the case where only the good qual- 
ity water of EC = 0.5 d S / m  was used to grow the beans (see Case 1 ). For this 
case, Lr was 0.09, Viw was 1.099 units, and Vdw was 0.099 units. A comparison 
of the results of these two cases shows that 127% more of the good-quality 
water had to be used to irrigate the bean crop when it was used in the blend 
( 1.401 units more; 2.50 versus 1.099 units ) compared to when it was used solely. 
This is so because 1.401 units of the good-quality water was made unavailable 
for evapotranspiration by the bean crop without loss in yield, through the 
blending process. Also as a result of blending, the volume of required drainage 
was increased substantially (1.500 versus 0.099 units).  Such excessive drain- 
age may cause other problems, such as increase in water logging in the project, 
in the loss of nutrients through excessive leaching, etc. 

Another way to illustrate that  a loss of usable water in the total supply has 
occurred as a consequence of this blending is to contrast  the relative fraction 
of the good-quality water supply that  could be used to grow beans (i.e., could 
be used for evapotranspiration, ET ) with and without blending. For this pur- 
pose, assume that the volume of the good-quality water of EC = 0.5 dS /m is 100 
units. Without  blending all but 9 units, i.e., 91 units, I i l00-V,  iw, or 
1 0 0 - ( 1 0 0 × 0 . 0 9 ) ]  can be consumed in ET. However, when saline drainage 
water of EC = 32 d S / m  is blended with this 100 units of good-quality water in 
the ratio of 40 to 1 to give a larger total supply of 102.5 units {for which the Lr 
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is 0.6 and Vdw is 61.5 units) ,  only 41 units (102.5-61.5) are usable for ET by 
beans without loss of yield. Thus, 50 units ( 9 1 - 4 1  ) of the original 100 units 
of good-quality water were made unusable for the production of beans by add- 
ing saline water of EC-- 32 d S / m  to it in the ratio of 1: 40. 

Some people advocate that  drainage waters should be diluted with a good- 
quality water (to meet some specified discharge standard; say an EC of 1.5 dS/  
m, as resulted in Case 3) and then returned to a good-quality water supply. For 
example (as in Case 3) 1 unit  of drainage water of EC=32 d S / m  could be 
blended with 40 units of water ofEC = 0.5 dS /m and then the 41 units of blended 
water ofEc = 1.5 d S / m  returned to the major water supply of good quality. The 
above results show that  even when a relatively small volume of such blended 
water is incorporated into the larger good-quality water supply, the net result 
is that  a fraction of this latter water is made unusable for evapotranspiration 
by salt-sensitive crops (such as beans) without loss of yield. In the case de- 
scribed above 50 units out of every 100 units in the large supply will be made 
unusable for each 1 unit  of drainage volume added to it. 

The significance of such losses of usable water through blending will depend 
upon a number of factors, especially upon the salt sensitivity of the crop to be 
grown with the blended water and the relative concentrations and volumes of 
the drainage and receiving waters. Therefore the merits of blending should be 
evaluated on a case by case basis. 

Case 4 

To further illustrate the effects of blending and of alternative drainage man- 
agement practices on the usability of water supplies, this case compares the 
losses in crop yield and in the volumes of usable water that  accompany the 
increases of salinity in a hypothetical river system being used for irrigation 
under different strategies of drainage management.  Such a comparison shows 
that  the pollution of waters (rivers) that  occur through the return of drainage 
waters can be avoided by intercepting, isolating and reusing the drainage waters 
for irrigation. 

The conditions: a river of 500 units of volume and of EC = 0.5 d S / m  which 
passes through four successive identical irrigation projects. In each project water 
is diverted from the river and used to irrigate four crops. Some of the water is 
consumed by the crops in evapotranspiration. The amounts consumed in each 
project are as follows for each crop: beans (25 units),  alfalfa (40 units),  wheat 
(25 units) and cotton (14.4 units).  The volumes of water applied to each crop 
are sufficient to meet these levels of ET and the following leaching fractions: 
beans, L=0.2;  alfalfa, L=0.1;  wheat, L=0.2;  and cotton, L--0.15. Three dif- 
ferent irrigation/drainage management  strategies are simulated. In strategy I, 
each crop is irrigated with the river water (of salinity level as it enters each 
project) and all of the percolated drainage water from each crop is collected 
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and returned to the river below the projects irrigation-diversion point. The 
resultant "blend" of river and drainage water is assumed to flow to the next- 
downstream project where the process is repeated. This process is repeated 
through a succession of four projects. In strategy II, the bean, alfalfa and wheat 
crops are also irrigated with the river water; however, their resulting drainage 
waters are not returned to the river but rather are used to irrigate the cotton 
crop grown within the same project. The drainage water resulting after cotton 
irrigation is then returned to the river. This process is also repeated through 
the succession of four projects. In strategy III, the crops are irrigated as in 
strategy II, but the drainage water from the cotton crop is not returned to the 

TABLE 1 

Results of simulation under  condit ions of Strategy I; no reuse made of drainage water in the  
projects; all drainage water discharged back to the  river ~ 

Crop Vet L ECiw Yiw ECe Ydw ECdw LOSS 
in yield (%) 

Firs t  project (volume of river = 500; EC = 0.5 d S / m )  

Beans 25 0.2 0.5 31.25 0.64 6.25 2.50 0 
Alfalfa 40 0.1 0.5 44.44 0.94 4.44 5.00 0 
Wheat  25 0.2 0.5 31.25 0.64 6.25 2.50 0 
Cotton 14.4 0.15 0.5 16.94 0.75 2.54 3.33 0 

Second project (volume of river = 395.6; EC = 0.63 d S / m )  

Beans 25 0.2 0.63 31.25 0.81 
Alfalfa 40 0.1 0.63 44.44 1.18 
Wheat  25 0.2 0.63 31.25 0.81 
Cotton 14.4 0.15 0.63 16.94 0.95 

Thi rd  project (volume of river = 291.2; EC = 0.86 d S / m )  

Beans 25 0.2 0.86 
Alfalfa 40 0.1 0.86 
Wheat  25 0.2 0.86 
Cot ton 14.4 0.15 0.86 

Four th  project (volume of r iver--  186.80; 

Beans 25 0.2 1.34 
Alfalfa 40 0.1 1.34 
Wheat  25 0.2 1.34 
Cot ton 14.4 0.15 1.34 

6.25 3.15 0 
4.44 6.30 0 
6.25 3.15 0 
2.54 4.20 0 

31.25 1.11 6.25 4.30 2 
44.44 1.62 4.44 8.60 0 
31.25 1.11 6.25 4.30 0 
16.94 1.30 2.54 5.73 0 

EC = 1.34 d S / m )  

31.25 1.73 6.25 6.70 15 
44.44 2.52 4.44 13.40 5 
31.25 1.73 6.25 6.70 0 
16.94 2.02 2.54 8.93 0 

Remaining volume of river = 82.4; EC ---~ 3.03 d S / m  

aVolume diverted from river for irrigation in each pro jec t=  123.88 units; volume of drainage re- 
turned to river from each pro jec t=  19.48 units.  
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river. This relatively small volume of water is assumed to be disposed of by 
some other means (such as evaporation, desalting, deep-aquifer injection, etc.). 

The detailed results of these three different drainage water management 
strategies (I, II, III) are given in Tables 1, 2 and 3, respectively. A summary of 
these results is given in Table 4 and in Figs. 2-6 to facilitate the comparison. 
The percentage losses in crop yield expected under the three strategies are 22, 
49 and 0 for strategies I, II and III respectively. These results show that the 
normal loss of crop yield that results when drainage water is returned to the 
good-quality water-supply and the "blend" (the river in this case) is subse- 

TABLE 2 

Results of simulation under conditions of Strategy II; drainage from bean, alfalfa and wheat crops 
used to irrigate cotton; drainage water from cotton discharged back to the river ~ 

Crop Vet L ECiw Yiw EC e Ydw ECdw Loss 
in yield (%) 

First  project (volume of river = 500; EC = 0.50 d S / m )  

Beans 25 0.2 0.50 31.25 0.64 6.25 2.50 0 
Alfalfa 40 0.1 0.50 44.44 0.94 4.44 5.00 0 
Wheat  25 0.2 0.50 31.25 0.64 6.25 2.50 0 
Cotton 14.4 0.15 3.15 b (16.94) c 4.76 (2.54) 21.0 0 

Second project (volume of river = 395.6; EC = 0.632 d S / m )  

Beans 25 0.2 0.63 31.25 0.81 6.25 3.15 0 
Alfalfa 40 0.1 0.63 44.44 1.18 4.44 6.30 0 
Wheat  25 0.2 0.63 31.25 0.81 6.25 3.15 0 
Cotton 14.4 0.15 3.98 b (16.94) c 5.99 (2.54) 26.5 0 

Third  project (volume of r iver= 291.2; EC =0.858 d S / m )  

Beans 25 0.2 0.86 31.25 1.11 6.25 4.30 2 
Alfalfa 40 0.1 0.86 4.44 1.62 4.44 8.60 0 
Wheat  25 0.2 0.86 31.25 1.11 6.25 4.30 0 
Cotton 14.4 0.15 5.43 b (16.94) ~ 8.19 (2.54) 36.2 2 

Fourth project (volume of r iver=  186.8; EC = 1.338 d S / m )  

Beans 25 0.2 1.34 31.25 1.73 6.25 6.70 15 
Alfalfa 40 0.1 1.34 4.44 2.52 4.44 13.40 5 
Wheat  25 0.2 1.34 31.25 1.73 6.25 6.70 0 
Cotton 14.4 0.15 8.46 b (16.94) c 12.76 (2.54) 56.4 25 

Remaining volume of river = 82.4; EC = 3.03 d S / m )  

"Volume diverted from river for irrigation in each project= 106.94 units; volume of drainage re- 
turned to river from each project = 2.54 units. 
bThe weighted average EC of the drainage waters from the bean, alfalfa and wheat crops, 
CThe cumulative volume of the drainage waters from the bean, alfalfa and wheat crops. 
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TABLE 3 

Results of simulation under conditions of Strategy III; drainage from bean, alfalfa and wheat crops 
used to irrigate cotton; drainage water from cotton not discharged back to the river system a 

Crop Vet L Eciw Viw EC e Vdw ECdw LOSS 
in yield (%) 

First project (volume of river= 500; EC ----- 0.5 dS/m)  

Beans 25 0.2 0.50 31.25 0.64 6.25 2.50 0 
Alfalfa 40 0.1 0.50 4.44 0.94 4.44 5.00 0 
Wheal 25 0.2 0.50 31.25 0.64 6.25 2.50 () 
Cotton 14.4 0.15 3.15 b ( 16.94)': 4.76 2.54 21.0 o 

Second project (volume of river = 393.06; Ec = 0.5 dS/m) 

Beans 25 0.2 0.50 31.25 0.64 6.25 2.50 0 
Alfalfa 40 0.1 0.50 44.44 0.94 4.44 5.00 0 
Wheat 25 0.2 0.50 31.25 0.64 6.25 2.50 0 
Cotton 14.4 0.15 3.15 h (16.94) c 4.76 2.54 21.0 0 

Third project (volume of river = 286.12; EC = 0.5 dS/m ) 

Beans 25 0.2 0.50 31.25 0.64 6.25 2.50 0 
Alfalfa 40 0.1 0.50 44.44 0.94 4.44 5.00 0 
Wheat 25 0.2 0.50 31.25 0.64 6.25 2.50 0 
Cotton 14.4 0.15 3.15 b (16.94)' 4.76 2.54 21.0 0 

Fourth project (volume of river = 179.18; EC = 0.5 dS/m ) 

Beans 25 0.2 0.50 31.25 0.64 6.25 2.50 0 
Alfalfa 40 0.1 0.50 44.44 0.94 4.44 5.00 0 
Wheat 25 0.2 0.50 31.25 0.64 6.25 2.50 0 
Cotton 14.4 0.15 3.15 b (16.94) ~ 4.76 2.54 21.0 0 

Remaining volume of river = 72.24 units; EC = 0.5 dS/m 
Drainage volume to be disposed of in each project is 2.54 units; EC = 21 dS/m 

°Volume diverted from river for irrigation in each project-- 106.94 units. 
bThe weighted average EC of the drainage waters from the bean, alfalfa and wheat crops. 
CThe cumulative volume of the drainage waters from the bean, alfalfa and wheat crops. 

q u e n t l y  u s e d  to  i r r i g a t e  t y p i c a l  f i e ld  c r o p s ,  c a n  be  a v o i d e d  b y  i n t e r c e p t i n g  t h e  
d r a i n a g e  w a t e r ,  i s o l a t i n g  i t  f r o m  t h e  g o o d - q u a l i t y  w a t e r  a n d  r e u s i n g  i t  fo r  t h e  
i r r i g a t i o n  o f  s a l t  t o l e r a n t  c r o p s  in  t h e  s a m e  p r o j e c t .  I n  t h i s  l a t t e r  s t r a t e g y  ( I I I ) ,  
n o t  o n l y  is  t h e  loss  in  c r o p  y i e l d  t h a t  r e s u l t s  u n d e r  c o n v e n t i o n a l  m a n a g e m e n t  

( s t r a t e g y  I )  a v o i d e d  b u t  a l so  t h e  s a l i n i t y  o f  t h e  r i v e r  is  m a i n t a i n e d  a t  a u n i -  
f o r m l y  low leve l  (0,5 d S / m  in  t h i s  c a s e )  t h r o u g h o u t  i t s  e n t i r e  l e n g t h ,  so t h a t  
a l l  u s e r s  h a v e  w a t e r  o f  e q u a l  q u a l i t y  n o  m a t t e r  w h e t h e r  t h e y  f a r m  in  t h e  u p -  

s t r e a m  o r  d o w n s t r e a m  s e c t i o n s  o f  t h e  r ive r .  I n  t h i s  s t r a t e g y  ( I I I ) ,  n o t  o n l y  c a n  
r e u s e  o f  t h e  d r a i n a g e  w a t e r  fo r  i r r i g a t i o n  b e  m a d e  w i t h o u t  a n y  loss  o f  c r o p  y ie ld ,  
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TABLE4 

Comparison of simulation results for the three different strategies of irrigation and drainage man- 
agement (I, II, III) 

Strategy 5" Vet ~ 5̀  Vi,, b 5̀  Vdw c Yield loss d Vrw e ECrw f 

Project 3 Project 4 

I 417.6 495.5 77.9 2 20 82.4 3.0 
II 417.6 427.8 10.2 4 45 82.4 3.0 
III 417.6 427.8 0 0 0 72.2 0.5 

a ~ Vet = cumulative volume (units) of water used by crops in evapotranspiration in all four projects. 
b 5: Viw = cumulative volume (units) of water diverted {pumped ) from river for irrigation in all four 
projects. 
c5̀  Vdw = cumulative volume (units) of drainage water discharged (pumped) back to river. 
dCumulative loss of crop yield within Projects 3 and 4. 
e V~w = Volume (units) of river remaining in stream below Project 4. 
fEC~w=EC of river below Project 4 (dS/m). 

but also the ult imate volume of drainage water needing disposal (or desalting) 
can be minimized and distributed equally between all projects. In this strategy, 
all areas have water of equal quality to use and each shares equally in the 
disposal problems and not progressively the downstream users as is typically 
the case (I). 

The preceding case studies illustrate the potential disbenefits of blending 
saline and good-quality waters and the need to consider the consequences of 
diluting drainage waters to meet water quality standards on the supply of plant- 
available water. The advantages of the "interception, isolation and reuse" 
strategy (III) relative to the conventional blending strategy are obviously many, 
as was shown. In these simulations, conservation of salt was assumed in the 
calculations. In the real world, salt-loading of the river would probably be greater 
than  tha t  shown, and more so for strategy I compared to II and III; hence the 
benefits of the latter strategy is likely underpredicted in these simulations. 
More realistic calculations of the salt-loading processes could be made, as has 
been done elsewhere (Rhoades and Suarez, 19.77). 

The results of the four case-studies clearly show tha t  adding saline waters 
to good quality water supplies reduces the volume of the good-quality water 
supply tha t  can be consumed by salt-sensitive crops. The amount  of such re- 
duction will depend upon the relative volumes and concentrations of the re- 
ceiving and waste waters and upon the tolerances of the crops to be irrigated. 
In the previously discussed case-studies, it was assumed tha t  the fraction of 
water usable for crop production was limited by EC'e. Obviously, more water 
use can be achieved, if loss of yield is permitted. When the growth-limiting 
factor is salinity, the ult imate fraction of water in a supply tha t  can be used in 
crop growth is: 
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Fig. 2. Units of water diverted from the river under three strategies of irrigation/drainage 
management. 
Fig. 3. Units of drainage water returned to the river under three strategies of irrigation/drainage 
management. 
Fig. 4. Total percentage of crop losses under three strategies of irrigation/drainage management. 
Fig. 5. Units of volume remaining in river below Project 4 under three strategies of irrigation/ 
drainage management. 
Fig. 6. Salinity of river water below Project 4 under three strategies of irrigation/drainage 
management. 
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TUF ---- 1 - -  ECi-----ww ( 4 )  
ECm 

where ECiw is the electrical conductivity (concentration can be used alterna- 
tively) of the water supply and ECru is the maximum salinity (electrical con- 
ductivity, concentration, etc.) of the water in the rootzone (not on an EC e but 
on an ECw basis; essentially ECaw) the plant  can tolerate (i.e., draw water from 
and still yield about 85-100% ). Values of ECru (dS/m)  vary among the crop 
species, but typically they are (according to Bernstein, 1975 ) about 45 for such 
tolerant crops as cotton, sugar beets, barley, 30 for intermediate crops like, 
tomatoes, wheat, and alfalfa, and about 15 for sensitive crops, like beans, clo- 
vers, and onions. In some cases, it may make economic sense to blend and to 
bear the consequences of the losses of water usability and of crop yield when 
the alternative costs of disposal are much higher. 

A DRAINAGE WATER R E U S E  STRATEGY 

Minimizing leaching and deep percolation always minimizes the volume and 
salt load of the drainage water and usually minimizes pollution of the receiving 
water (Van Schilfgaarde et al., 1974; Rhoades et al., 1974; Rhoades and Suarez, 
1977 ). For this reason, minimizing leaching and deep percolation should be the 
goal of irrigation management.  For those situations where the waters cannot 
be, or have not been, fully utilized in their first "passage" through the rootzone, 
the drainage water should be intercepted before its discharge to water supplies 
of better quality and reused for irrigation (Rhoades, 1984d). The preceding 
case examples illustrated the merits of this management  strategy. While con- 
centrations of salts in drainage waters are higher than those of the correspond- 
ing irrigation water supply, they are often within acceptable limits for growing 
suitably salt-tolerant crops (Rhoades, 1977, 1986). 

A reuse strategy that  avoids blending and is superior to that  described in 
strategy III has been proposed and demonstrated in field projects to be viable 
and advantageous in well managed irrigation projects (Rhoades, 1984a,b, 1987; 
Rhoades et al., 1988a,b). In this reuse strategy, the two water supplies (good- 
quality water and saline drainage water) are kept separate and are used with- 
out blending. The saline drainage water is intercepted, isolated and substituted 
for the conventional "good water" in suitable locations in the project when 
irrigating certain salt-tolerant crops grown in the rotation when they are in a 
suitably salt-tolerant growth stage (after seedling establishment); the "good 
water" is used at the other times. The appropriate t iming and amount  of sub- 
stitution of the saline water will, of course, vary with the quality of the two 
waters, the cropping pattern, the climate, the irrigation system, etc. The max- 
imum soil salinity in the rootzone that  would result from the sole use of saline 
water for irrigation will not occur when such water is used for only a fraction 
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of the time. The levels of salinity will be especially lower during the critical 
periods of germination and seedling establishment - relative to using the saline 
water solely or in a blend. Whatever excessive salt build-up occurs in the root- 
zone from irrigating the "tolerant" crops in the rotation with the saline water 
are alleviated in a subsequent cropping period when a more sensitive crop is 
grown using the low-salinity water for irrigation. (It should be noted that a 
soil will not generally become unduly saline from use of a saline water for just 
a part of a single irrigation season and often not for several seasons. ) The yield 
of the salt-sensitive crop will not be reduced when grown on land where irri- 
gation with saline water was previously used, if the irrigation of this crop is 
carried out with low salinity water, if proper preplant irrigations and seedbed 
management are used during germination and seedling establishment periods 
to prevent excessive salt accumulation in the seed area and shallow soil depths, 
and if subsequent "in season" irrigations are sufficient to leach these salts 
farther down in the profile and ahead of the advancing root system. The kind 
of conventional management practiced by good farmers is generally adequate 
in this regard. Such management will "reclaim" the soil sufficiently by the end 
of this cropping period so that the cycle can be repeated over and over, i.e., the 
saline water can be used again in the production of the tolerant crop (s) in the 
next cycle of the rotation, etc. This successive use of low and high salinity 
waters will prevent the soil from becoming excessively saline while permitting, 
over the long period, substitution of a saline water for the conventional water 
for a substantial fraction (up to about 50% depending on the crop rotation, 
etc. ) of the irrigation water needs of the area and the growth of salt-sensitive 
crops in the same fields. Results of extensive field experiments have demon- 
strated the credibility and feasability of this strategy and these conclusions 
(Rhoades et al., 1988a,b). 

Since continuous recycling, in the sense of a closed loop, is not possible, reuse 
efforts should ideally be designed so that the drainage waters intercepted and 
isolated from the major part of the project area are redistributed to a dedicated 
"reuse-area" within the project, or sequentially from areas where crops of lesser 
to greater salt-tolerance are grown (often this occurs naturally from upslope 
to downslope lying lands); the ultimate minimized volume of drainage result- 
ing in the reuse area must eventually be desalted or else disposed of. This ul- 
timate disposal should not be accomplished by discharging the drainage water 
into good-quality water supplies, unless no other means is practical, for the 
reasons previously discussed. 

SUMMARY AND CONCLUSIONS 

Examples were given to show that irrigating salt-sensitive crops with blends 
of saline and pure waters or diluting drainage waters with good quality waters 
in order to meet discharge standards may be inappropriate under certain sit- 
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uations. Even though the concentration of the blend may appear to be low 
enough to be acceptable by conventional standards, the usability of the good- 
quality water supply for growing salt-sensitive crops (or for other salt-sensitive 
water uses) is reduced through the process of blending. Each time the salt 
content of an agricultural water supply is increased, the degree to which it can 
be consumed before its concentrations becomes excessive is decreased. More 
crop production can usually be achieved from the total water supply by just 
solely using the good-quality water component. Serious consideration should 
be given to keeping saline drainage waters separate from the good-quality water 
supplies, even when the saline waters are to be reused for irrigation. They can 
be used more effectively by substituting them for the conventional water in the 
irrigation of certain crops grown in the rotation after seedling establishment. 
The feasibility of such reuse for irrigation has been demonstrated in field stud- 
ies in California. Reuse of drainage water for irrigation of suitably salt-tolerant 
crops reduces the volume of drainage water needing ultimate disposal and the 
off-site pollution problems associated with the discharge of irrigation return 
flows. 
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