


ABSTRACTS

I. Hypothesis, Experimental Procedures, and Cropping Results

An irrigation/cropping management strategy has been developed to facilitate
the use of brackish waters for irrigation, with the goal of expanding the avail­
able water supply and minimizing the otT-site pollution potential of drainage
disposal. A field experiment conducted in the Imperial Valley of California to
test the strategy has produced four years of cropping results. After seedling
establishment, when the crops were in a sufficiently mature, salt-tolerant
growth stage, brackish drainage water (Alamo River) was substituted for the
normal water (Colorado River) to irrigate wheat and sugarbeets (in a succes-
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II. Soil Salinity and Water Balance

INTRODUCTION

17

Crop yield and quality results obtained in field tests (part I) indicate that saline wa­
ter can be successfully substituted for "good water" to irrigate certain crops in rota­
tion when they are in a salt-tolerant growth stage, with the "good water" used for the
other irrigations. In the tests, substantial substitution of saline drainage water (25 to
50 percent) was made for Colorado River water in producing the two crop rottions
(two cycles of wheat.sugarbeets.cantaloupes, designated the successive rotation; and
cotton:cotton:wheat:alfalfa, designated the block rotation) without appreciable ef­
fects on yield or quality.

In this paper, we present data on water use and soil salinity status obtained in the
field tests.

EXPERIMENTAL PROCEDURES

The experimental irrigation and cropping layout and test methods are described in
part I, as are the initial soil salinity conditions. Because those conditions changed
over time on all plots, the reference of salinity used here to judge treatment effects
is the mean of the control fields of each crop year.

Soil samples were periodically collected from the seedbed (0 to 6 inches) at the
time of seedling establishment and from the major root zone when each crop was
harvested. These samples were analyzed for salinity, sodicity, and boron by standard
methods (Rhoades 1982). Additional soil samples were taken after each irrigation
of the wheat crop and periodically during the alfalfa cropping period in the block
rotation fields to determine the rate of desalination by irrigation with Colorado River
water.

Water applied at each irrigation was measured with calibrated flumes (see part I);
the soil water content just before each irrigation was determined from neutron-probe
measurements. No attempt was made to directly measure the volume and composi­
tion of deep percolation. Leaching amounts were calculated as the difference be­
tween water applied and crop consumptive use as estimated using pan evaporation
data from Brawley, California, and crop coefficients established in lysimeter stud­
ies at Brawley.
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RESULTS

Amounts of Irrigation Water Applied

Successive Crop Rotation

The average amounts of all water applied to each crop for the four-year period are
given in table 1 by treatment. These data include water used for preplant irrigations
and land preparation. Essentially the same amounts of irrigation water were applied
irrespective of treatment. Alamo River water accounted for 35 percent of the applied
irrigation water on the Ca treatment and 53 percent on the cA treatment, based on the
entire rotation. However, based only on the crops receiving Alamo River water, the
percentages were 45 and 65 for Ca and cA treatments, respectively. Substantial
amounts of Alamo River water thus were substituted for Colorado River water in the
irrigation of the wheat and sugarbeets grown in this rotation.

Block Rotation

Based on the complete rotation in the block system, the percentages of Alamo
River water were about 25 and 45 for the cA and A treatments, respectively (table
2). For the cotton crops, the percentages were about 50 and 100 for cA and A treat­
ments, respectively. Less Alamo River water was used for irrigation in this block
rotation by the recommended strategy (treatment cA) than in the successive crop
rotation.

Evapotranspiration and Leaching Fraction

Table 3 lists the estimated amounts of water consumed by the plant through
evapotranspiration and lost as deep percolation. The consumptive use was assumed
to be the same in all treatments, because the yields were similar. Temperature and
rainfall summaries for the experimental period are given in appendix tables 1 through
4.

Successive Crop Rotation

According to the estimates (table 3), the first wheat crop was under-irrigated, and
no net leaching occurred. Leaching apparently accounted for 18 percent of the wa­
ter applied to the first crop of sugarbeets and 32 percent of the first crop of canta­
loupes. In the second cycle of this rotation, leaching was estimated at 17 percent for
the wheat crop, 21 percent for the sugarbeets, and essentially zero for the canta­
loupes. These data suggest that the higher levels of salinity and sodicity and the
greater treatment differences after the second cantaloupe crop, compared with the
first crop (data described later), resulted from under-irrigation in 1985. Overall, the
leaching fraction was estimated to be0.14 for this rotation. The excesses of applied
water leading to leaching occurred primarily when irrigations were made during the
preplant and seedling establishment periods.
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The greatest potential for leaching and salt removal in this rotation occurred dur­
ing the cantaloupe cropping season, when the evapotranspiration rate was relatively
low and only Colorado River water was used for irrigation. Sufficient water must
be applied to this crop to achieve leaching, as it was in 1983, if Alamo River water
is to be used successfully for irrigation in this rotation.

Block Rotation

According to the estimates in table 3, the overall leaching fraction in the block
rotation was 0.10. This value is lower than that achieved in the successive crop ro­
tation, primarily because there was no apparent leaching during the alfalfa cropping.
However, the leaching achieved up to the beginning of alfalfa production (0.17) was
greater than that obtained in the successive crop production. The use of Colorado
River water to grow wheat between the cotton and alfalfa crops apparently resulted
in sufficient leaching and salt removal, as will be shown later, so that little leaching
was required during the subsequent alfalfa cropping period to maintain good yields.
If alfalfa had directly followed the cotton crops, yield in the plots receiving Alamo
River water might have been lower.

Soil Salinities, Sodicities, and Boron Levels

Salinity is expressed in terms of the electrical conductivity of the saturated soil
paste extract (ECe) in dS/m. Sodicity is expressed as the sodium adsorption ratio of
the extract (SARe = Na/[(Ca + Mg)/2P/2, where all solute concentrations are in
mmoljL). Boron level is expressed as concentration in the extract (Be' mg/L).

Successive Crop Rotation

Wheat crop, 1982. The levels of salts during seedling establishment of the first
wheat crop were essentially those present in the soil at the initiation of the experi­
ment (see part I). These levels are relatively low and nonprohibitive to the establish­
ment of wheat seedlings (Maas 1986).

Average salinity values at the end of the wheat crop (table 4), in order, were cA >
Ca > C at relatively shallow depths of the root zone, but all values were below the
threshold level (6 dS/m) associated with wheat yield reduction (Maas 1986).
Sodicity levels in the 0- to 6-inch depth were higher for the cA than the other treat­
ments, but the resultant combinations of SAR e and ECiw would not be expected to
cause loss of soil permeability (Rhoades 1984, 1986).

Sugarbeet crop, 1983. Salinity and sodicity levels in the seed-line area, near the
outer edges of the wide flat bed, on November 17, 1982 (representative of the seed­
ling establishment period) were both cA > Ca > C (table 5). Apparently, however,
none of the values was excessive for sugarbeets, since a very good stand was obtained
on all plots.

Average salinity, sodicity, and boron levels beneath the furrow at the end of the
first sugarbeet crop are given in table 6. Salinity and sodicity at shallow depths were
cA > Ca > C, but no value exceeded the threshold level for loss of yield (ECe =8 dS/
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m: Be= 4-6 mg/L) or for permeability (Rhoades 1984, 1986). Indeed, no losses of
yield resulted (see part I).

Cantaloupe crop, 1983. The average levels of salinity and sodicity in the seed­
line region of the seedbed (the inner margins of the wide flat bed) on September 1,
1983, are given in table 7. Even though all fields were irrigated solely with Colo­
rado River water for germination, the salinity levels were relatively high in the seed­
line region. These levels were probably caused by the inward flow of water from the
furrow toward the center of the bed that resulted from furrow irrigation and the wide,
flat beds used that year. Despite the high salinity, germination and stand establish­
ment were very good. However, another style of bed preparation would be prefer­
able, such as the sloping beds used for the 1985 crop, to minimize the accumulation
of salts near the seedlings.

The average levels of salinity, sodicity, and boron beneath the furrow at the end
of the first cantaloupe crop were similar for all treatments (table 8). The SAR val­
ues were lower than those following the wheat (table 4) and sugarbeet (table 6) crops,
but the EC values did not differ greatly following the three crops.

Wheat crop, 1984. Average salinity and sodicity levels in the seedbed region on
January 17, 1984, were similar for all treatments-relatively low and nonlimiting for
seedling development (table 9).

Salinity, sodicity, and boron levels at the end of the 1984 wheat season are given
in table 10. Salinity and sodicity levels were cA > Ca > C, particularly at the shal­
low soil depths, but were below threshold values associated with yield or permea­
bility problems on all plots.

Sugarbeet crop, 1985. Salinity and sodicity in the seed-line region of the seedbed
on October 9, 1984 (table 11), were lower than in the 1983 crop, not significantly
different between treatments, and not limiting to seedling establishment.

The average levels of salinity, sodicity, and boron beneath the furrow at the end
of this second sugarbeet crop were in the order cA > Ca > C, especially in the shal­
low soil depths (table 12). At the shallower depths, levels were significantly higher
than in 1983, but were still below accepted threshold values associated with losses
in yield and permeability.

Cantaloupe crop, 1985. The seedbed was of a semi-sloping type in 1985, and
salinity levels within the seed region were much lower (table 13) than in the 1983
crop (table 7). No significant differences in salinity or boron existed between treat­
ments, but sodicity was significantly higher in the cA treatment fields (table 13). The
levels were well within tolerable limits, and very good seedling establishment was
obtained.

At the end of the second complete cycle of the successive crop rotation, salinity,
sodicity, and boron levels beneath the furrows were higher at the shallow soil depths
(table 14) than they were at the end of the first cycle. The reason probably is the
relatively low use of Colorado River water for irrigation of the last cantaloupe crop
compared with the first crop. The salinity levels of all treatments exceeded the
threshold value for cantaloupe (1.5 to 3.0 dS/m) and were not much lower than those
present at the end of the 1985 sugarbeet crop. They were higher than after the first
cantaloupe crops (table 8). Still, acceptable yields of cantaloupes were obtained, as
has been previously discussed. Additional water in the production of this crop would
have provided greater salinity reduction.
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Cotton crop, 1982. The average levels of salinity and sodicity in the seed-line
region of the sloping beds on May 13, 1982, are listed in table 15. Although salinity
was very high in the A treatment plots, the stand of cotton was good. High yields
were obtained in all treatments.

Average levels of salinity, sodicity, and boron beneath the furrow near the end of
the first cotton crop were in the order A> cA > C (table 16). In every case, however,
levels were lower than the accepted threshold limits, so that no differences in yield
would be expected.

Cotton crop, 1983. Symmetrical beds were used for cotton production in 1983,
which is not recommended where salinity is high. Salinity and sodicity levels were
thus much higher in that year (table 17) than in 1982, even in the C treatment fields.
These relatively high ECe and SAR

e
levels, as well as crust-forming rains, were re­

sponsible for the poor cotton stand and lower yield in 1983 than in 1982. Had the
crop been replanted after the crust-producing rains in the experimental fields as they
were in surrounding commercial fields, and had sloping beds been used for seedling
establishment, better yields would probably have resulted in 1983.

Near the end of the second cotton crop, levels of salinity, sodicity, and boron be­
neath the furrow (table 18) were higher than in the 1982 crop (table 16). The salin­
ity levels in the cA and A treatments were close to the threshold generally associated
with loss in yield (7 to 8 dS/m). Salinity was not much higher than the threshold,
however, and little loss in yield would be expected under such conditions. The low
yields obtained in 1983 are thought to have been caused by the poor stand.

Wheat crop, 1984. The average levels of salinity, sodicity, and boron of the wheat
crop after each of the six irrigations with Colorado River water are given in tables
19 to 24. Since this crop was irrigated to stimulate germination, the salinity condi­
tions at the first sampling (January 17) were essentially those that existed during
seedling establishment. Salinity and sodicity at the shallow depth in the cA and A
plots decreased from the relatively high levels present after cotton production to
levels similar to those in the C plots. The average salinity levels at this soil depth did
not exceed the threshold for yield loss (6.dS/m), and high wheat grain yields were
obtained (see part I). Salinity was higher than 6 dS/m in the lower depths of all treat­
ments, but the relatively shallow-rooted wheat crop did not seem to be unduly af­
fected by this "deep" salinity.

Alfalfa crop, 1985. Table 25 presents the average levels of salinity, sodicity, and
boron in the seed-line region of the alfalfa seedbed on November 15, 1984. Salinity
levels were higher than they had been in the surface depths of the preceding wheat
crop, probably because the salt was concentrated in the raised seedbed through the
furrow irrigation process. These levels did not differ between treatments, however.
Good stand establishment was obtained.

The average levels of salinity, sodicity, and boron beneath the seed line during the
growing season and at the end of the study period are given in tables 26 to 28. The
ECe levels were higher than the threshold for alfalfa (2 to 3 dS/m) and that existing
at the end of the wheat crop, probably because of the lower leaching fraction achieved
with the alfalfa, as was discussed earlier. The levels of salinity and sodicity and
resultant yields, however, were not significantly different between treatments.
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Yields were not affected by the previous use of Alamo River water for irrigation in
the Ca and cA treatment plots.

Plant Water Stress

Infrared thermometry (IRT) was used to measure leaf canopy temperatures to test
for indications of plant water stress. Any stress that resulted from interference in the
extraction of water from the soil or its flow through the plant would cause canopy
temperatures to rise relative to those of a nonstressed canopy. Leaf diffusion resis­
tance measurements of selected cotton plants were also made in 1982 as another
means of assessing plant water stress.

IRT data collected in wheat and cotton (tables 29 and 30, respectively) and the leaf
diffusion resistance information obtained in cotton (table 31) revealed no significant
differences in canopy temperature or diffusion resistance that could be attributed to
the salinity treatments. These results support the crop yield and salinity results in­
dicating that no significant crop stress resulted from the substitution of Alamo River
water for Colorado River water in this trial.

SUMMARY AND CONCLUSIONS

The results obtained in this field experiment support the use of a strategy of sub­
stituting saline drainage water for the "normal" water when irrigating certain crops
in a rotation. The saline water is used after seedling establishment, so that a good
stand can be obtained under lower salinity, at a time when the crop is in a more ma­
ture growth stage and more tolerant of salinity. The other crops in the rotation are
irrigated with the normal water to keep soil salinity in the active root zone within
acceptable limits for sustained crop production and subsequent cropping on the same
land of even salt-sensitive crops.

During our four-year experiment, soil salinity and boron were kept within accept­
able limits for seedling establishment and subsequent growth of the individual crops
grown in the rotations. No significant differences in yield or crop quality occurred
in any of the five crops grown when Alamo River water was substituted for Colorado
River water for up to 25 to 50 percent of the irrigation requirements of the two rep­
resentative rotations tested (see part I). No problems of soil degradation were ob­
served, such as reduction in permeability or tilth. Accumulative leaching was mini­
mal (less than 15 percent) but adequate in the clay soil, and was achieved through
normal irrigation management.

Salinity levels were higher at the end of the experimental period than at the begin­
ning (table 3, part I). At least one reason was that the field had been extensively
leached in the land-leveling process just before the experiment began.

ACKNOWLEDGMENTS

Acknowledgment is made of the assistance provided by the following agencies and
persons: The Southern District and Office of Water Conservation-California Depart­
ment of Water Resources, California State Water Resources Control Board, Impe­
rial Irrigation District, and University of California, Kearney Foundation, who pro-



HILGARDIA • Vol.56 • No.5. October 1988 23

vided financial support. Fifield Land Company, who provided land for the studies
and carried out all of the farming operations. Dr. Robin Saunders of the U.S. Depart­
ment of Agriculture, Agricultural Research Service (USDA, ARS) Western Regional
Research Center, Albany. California, and Dr. Gordon Rubenthaler and H. C. Jeffers,
USDA, ARS, Western Wheat Quality Laboratory, Pullman, Washington, who ana­
lyzed the quality of the wheat grain. Earl Moroni of Growers' Orita Ginning Asso­
ciation, Brawley, California, who helped with ginning the cotton, and Gus Hyer,
ARS-Cotton Research Center, Shafter, California, who provided lint quality analy­
sis.

LITERATURE CITATIONS

MAAS,E. v.
1986. Salt tolerance of plants. Applied Agric. Res. 1(1): 12-26.

RHOADES, J. D.
1982. Soluble salts. In Page, A. L., R. H. Miller, and D. R. Kenney (eds.). Meth­

ods of soil analysis. Part 2, chemical and microbiological properties. Agron­
omy Monograph 9: 167-178.

1984. Using saline waters for irrigation. Proc. Int. Workshop on Salt-Affected
Soils of Latin America, Maracay, Venezuela, Oct. 23-30,1983. pp.22-52.
Also publ. in Sci. Rev. on Arid Zone Res. 2:233-64.

1986. Use of saline water for irrigation. Special issue Bull. Water Quality.
Burlington, Ontario, Canada: National Water Res. Inst.



~

TA
B

LE
1.

A
M

O
U

N
T

S
O

F
C

O
L

O
R

A
D

O
A

N
D

A
L

A
M

O
R

IV
E

R
W

A
T

E
R

S
U

S
E

D
F

O
R

IR
R

IG
A

T
IO

N
IN

T
H

E
S

U
C

C
E

S
S

IV
E

C
R

O
P

R
O

T
A

T
IO

N
*t

C
ol

o.
R

.
A

la
m

o
R

.
T

ot
al

A
la

m
o

19
84

w
he

at

19
82

w
he

at

T
re

at
m

en
t:l

:
C

ol
o.

R
.

A
la

m
o

R
.

T
ot

al

~ 2 ~ ~ ~ ~ r- ..

19
83

su
ga

rb
ee

ts
19

83
ca

nt
al

ou
pe

s

A
la

m
o

C
o

lo
.R

.
A

la
m

o
R

.
T

ot
al

A
la

m
o

C
ol

o.
R

.
A

la
m

o
R

.
T

ot
al

A
la

m
o

'Yo
-

-
-

-
-

-
in

ch
es

-
-

-
-

-
-

%
-

-
-

-
-

-i
n

c
h

e
s
--

-
-
-
-

%
0

49
.9

(0
.2

)
0

49
.9

(0
.2

)
0

24
.6

(0
.3

)
0

24
.6

(0
.3

)
0

24
28

.0
(0

.0
)

21
.1

(0
.1

)
49

.2
(0

.1
)

43
24

.5
(0

.1
)

0
24

.5
(0

.1
)

0
76

17
.6

(0
.1

)
31

.5
(0

.1
)

49
.1

(0
.2

)
64

24
.7

(0
.1

)
0

24
.7

(0
.1

)
0

19
85

su
ga

rb
ee

ts
19

85
ca

nt
al

ou
pe

s

A
la

m
o

C
o

lo
.R

.
A

la
m

o
R

.
T

ot
al

A
la

m
o

C
ol

o.
R

.
A

la
m

o
R

.
T

ot
al

A
la

m
o

%
-

-
-

-
-

-
in

ch
es

-
-

-
-

-
-

%
-

-
-
-
-

-i
n

c
h

e
s-

-
-
-
-
-

%
0

55
.1

(0
.2

)
0

55
.1

(0
.2

)
0

14
.2

(0
.2

)
0

14
.2

(0
.2

)
0

48
28

.0
(0

.1
)

26
.1

(0
.1

)
54

.1
(0

.2
)

48
13

.9
(0

.2
)

0
13

.9
(0

.2
)

0
63

19
.3

(0
.1

)
34

.4
(0

.2
)

53
.7

(0
.2

)
64

13
.6

(0
.2

)
0

13
.6

(0
.2

)
0

C
om

pl
et

e
ro

ta
ti

on

C
ol

o.
R

.
A

la
m

o
R

.
T

ot
al

-
-

-
-

-
-

in
ch

es
-

-
-

-
-

­
32

.4
(0

.2
)

0
32

.4
(0

.2
)

17
.0

(0
.1

)
15

.6
(0

.1
)

32
.6

(0
.1

)
12

.1
(0

.1
)

20
.7

(0
.1

)
32

.6
(0

.1
)

C C
a

cA

-
-

-
-

-
-

in
ch

es
-

-
-

-
-

-
C

21
.6

(0
.1

)
0

21
.6

(0
.1

)

C
a

16
.4

(0
.2

)
5.

1
(0

.0
)

21
.5

(0
.2

)

cA
5.

2
(0

.0
)

16
.7

(0
.2

)
21

.9
(.

02
)

*I
nc

lu
de

s
pr

ep
la

nt
w

at
er

ap
pl

ic
at

io
ns

.
"V

al
ue

s
w

ith
in

pa
re

nt
he

se
s

ar
e

st
an

da
rd

er
ro

r
of

m
ea

n.
:l:

C
=

on
ly

C
ol

or
ad

o
R

iv
er

w
at

er
us

ed
fo

r
ir

ri
ga

ti
on

;
A

la
m

o
R

iv
er

w
at

er
us

ed
fo

r
ir

ri
ga

ti
on

in
re

la
ti

ve
ly

sm
al

le
r

(C
a)

or
la

rg
er

(c
A

)
am

ou
nt

s
af

te
r

se
ed

lin
g

es
ta

bl
is

hm
en

t
w

ith
C

ol
or

ad
o

R
iv

er
w

at
er

.

-
-
-
-
-
-
i
n

c
h

e
s
-
-
-
-
-
-

%
C C

a
cA

19
7.

8
(0

.5
)

0
19

7.
8

(0
.5

)
12

7.
9

(0
.3

)
67

.9
(0

.2
)

19
5.

7
(0

.5
)

92
.6

(0
.3

)
10

3.
3

(0
.1

)
19

5.
9

(0
.4

)

o 35 53

~ ...... ~ ~ ~. ~ ~ ~ .... ~ ~ ~ ~



~ i •
TA

B
LE

2.
A

M
O

U
N

T
S

O
F

C
O

L
O

R
A

D
O

A
N

D
A

L
A

M
O

R
IV

E
R

W
A

T
E

R
S

U
S

E
D

F
O

R
IR

R
IG

A
T

IO
N

IN
T

H
E

B
L

O
C

K
R

O
T

A
T

IO
N

*
t

19
82

co
tt

on

T
re

at
m

en
tf

C
ol

o.
R

.
A

la
m

o
R

.
T

ot
al

A
lf

al
fa

~ \0 0
0

0
0~ r- ~ • ~ V
e • $? [

19
83

co
tt

on
19

84
w

he
at

A
la

m
o

C
ol

o.
R

.
A

la
m

o
R

.
T

ot
al

A
la

m
o

C
o

lo
.R

.
A

1a
m

oR
.

T
ot

al
A

la
m

o

%
-

-
-

-
-

-
in

ch
es

-
-

-
-

-
-

%
-

-
-
-
-

-i
n

c
h

e
s-

-
-

-
-
-

%
0

46
.3

(0
.2

)
0

46
.3

(0
.2

)
0

32
.4

(0
.3

)
0

32
.4

(0
.3

)
0

60
24

.3
(0

.2
)

21
.5

(0
.2

)
45

.7
(0

.2
)

47
31

.4
(0

.1
)

0
31

.4
(0

.1
)

0

10
0

0
45

.2
(0

.3
)

45
.2

(0
.3

)
10

0
31

.3
(0

.2
)

0
31

.3
(0

.2
)

0

C
om

pl
et

e
ro

ta
ti

on

A
la

m
o

C
ol

o.
R

.
A

la
m

o
R

.
T

ot
al

A
la

m
o

%
-

-
-

-
-

-
in

ch
es

-
-

-
-

-
-

«Y
o

0
21

1.
5

(0
.3

)
0

21
1.

5
(0

.3
)

0

0
15

7.
3

(0
.7

)
52

.4
(1

.3
)

20
9.

7
(2

.0
)

25

0
11

1.
2

(0
.7

)
92

.0
(1

.2
)

20
3.

1
(1

.6
)

45

80
.6

(0
.2

)

81
.0

(0
.3

)

80
.0

(0
.6

)

o o o

C
ol

o.
R

.
A

la
m

o
R

.
T

ot
al

80
.6

(0
.2

)

81
.0

(0
.3

)

80
.0

(0
.6

)

-
-

-
-

-
-

in
ch

es
-

-
-

-
-

-

-
-

-
-

-
-

in
ch

es
-

-
-

-
-

­
51

.4
(0

.7
)

0
51

.4
(0

.7
)

20
.3

(0
.5

)
30

.5
(1

.2
)

SO
.7

(1
.6

)

o
46

.7
(1

.0
)

46
.7

(1
.0

)

C cA AC cA A *I
nc

lu
de

s
pr

e-
pl

an
t

w
at

er
ap

pl
ic

at
io

ns
.

tY
al

ue
s

w
ith

in
pa

re
nt

he
se

s
ar

e
st

an
da

rd
er

ro
r

of
m

ea
n.

*C
=

on
ly

C
ol

or
ad

o
R

iv
er

w
at

er
us

ed
fo

r
ir

ri
ga

ti
on

;
A

la
m

o
R

iv
er

w
at

er
us

ed
fo

r
ir

ri
ga

ti
on

in
re

la
ti

ve
ly

sm
al

le
r

(C
a)

an
d

la
rg

er
(c

A
)

am
ou

nt
s

af
te

r
se

ed
li

ng
es

ta
bl

is
hm

en
tw

ith
C

ol
or

ad
o

R
iv

er
w

at
er

.

~



26 Rhoades et al.: Soil Salinity and Water Balance

TABLE 3. ESTIMATED EVAPOTRANSPIRATION AND DEEP PERCOLATION

Accum. Accum. Accum. Accum.
Crop Vet* Viwt Vdw:j: LF§ Vet~ Viw Vdw LF

- - - - - inches - - - - - ----- inches -----
Successive crop rotation

1982 wheat 25.8 21.9 -3.9 -0.18 25.8 21.9 -3.9 -0.18
1983 s.beet 40.5 49.1 8.6 0.18 66.3 71.0 4.7 .07
1983 melons 16.8 24.7 7.9 0.32 83.1 95.7 12.6 .13
1984 wheat 27.1 32.8 5.7 0.17 110.2 128.5 18.3 .14
1985 s.beet 42.3 53.7 11.4 0.21 152.5 182.2 29.7 .16
1985 melons 16.8 13.6 -3.2 -0.24 169.3 195.8 26.5 .14

Block rotation

1982 cotton 38.9 50.7 11.8 0.23 38.9 SO.7 11.9 .23
1983 cotton 40.7 45.7 5.0 0.11 79.6 96.5 16.9 .18
1984 wheat 27.1 31.4 4.3 0.14 106.7 127.9 21.3 .17
1985 alfalfa 81.2 81.0 -0.2 0.00 187.8 208.9 21.1 .10

*Evapotranspiration estimated from pan evaporation and crop factors at Brawley, California.
tTotal amount of water applied for irrigation.
:j:Estimate of deep-percolation drainage water; i.e., Viw - Vet.
§Estimate of leaching fraction; i.e., Vdw/Viw'
~Accumulated over entire experimental period.

TABLE 4. AVERAGE LEVELS OF SALINITY AND SODICITY
ON JUNE 14, 1982, THROUGHOUT THE WHEAT ROOT ZONE, 1982 CROP,

SUCCESSIVE CROP ROTATION·

Treatmentt Soil depth ECe SAKe

inches dS/m (mmolc/L/h

C 0-6 2.37 (.13) 6.5 (.3)
6-12 3.17 (.50) 7.0 (.5)

12-18 3.48 (.76) 6.9 (.6)
18-24 4.02 (.83) 7.3 (.9)
24-36 5.23 (.72) 7.7 (1.0)

Ca 0-6 2.97 (.22) 6.6 (.2)
6-12 3.13 (.4) 7.1 (.5)

12-18 3.45 (.6) 6.8 (.4)
18-24 4.4(.7) 7.9 (.7)
24-36 5.5 (.4) 7.6 (.8)

cA 0-6 4.38 (.21) 8.5 (.2)
6-12 3.68(.2) 7.5 (.2)

12-18 4.25 (.4) 7.2 (.2)
18-24 5.1 (.4) 7.3 (.3)
24-36 5.6 (.3) 8.1 (.5)

*Values within parentheses are standard error of mean; six replicates; samples collected from
three locations in replicates 2 and 5.

tc = only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.
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TABLE 5. AVERAGE SALINITY AND SODICITY LEVELS ON NOVEMBER 17, 1982,
IN THE SEED-LINE REGION OF THE SUGARBEET SEEDBED, 1982 CROP·

Treatmentt Soil depth ECe SAKe

inches dS/m (mmolc/L/h

C 0-6 3.6 (.6) 5.7 (.6)
Ca 0-6 4.2 (.7) 6.6 (.6)
cA 0-6 5.7 (.7) 9.1 (.7)

·Values within parentheses are standard error of mean; six replicates; samples collected from
three locations in replicates 2 and 5.

tc = only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.

TABLE 6. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON
ON JUNE 24, 1983, THROUGHOUT THE SUGARBEET ROOT ZONE

BENEATH THE FURROW, 1983 CROP·

Treatment" Soil depth EC e SARe Be

inches dS/m (mmolc/L/h mg/L
C 0-6 2.2 (.3) 4.7 (.4) .77 (.07)

6-12 2.9 (.5) 5.5 (.1) .63 (.07)
12-18 3.5 (.6) 6.2 (.4) .68 (.03)
18-24 4.0 (.5) 6.6 (.5) .65 (.05)
24-36 4.8 (.4) 6.8 (.8) .61 (.06)

Ca 0-6 3.6 (.3) 6.7 (.3) 1.01 (.08)
6-12 3.8 (.4) 6.1 (.2) .74 (.07)

12-18 4.0 (.5) 6.3 (.3) .72 (.06)
18-24 4.8 (.3) 6.2 (.6) .71 (.08)
24-36 5.1 (.3) 6.7 (.7) .76 (.09)

cA 0-6 4.2 (.1) 8.3 (.5) 1.12 (.15)
6-12 3.9 (.4) 7.5 (.3) .66 (.06)

12-18 4.6 (.5) 7.1 (.3) .63 (.05)
18-24 5.4 (.3) 6.9 (.5) .58 (.06)
24-36 5.5 (.3) 7.1 (.6) .62 (.07)

·Values within parentheses are standard error of mean; six replicates; samples collected from
three locations each in replicates 2 and 5.

tc = only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.

27



28 Rhoades et al.: Soil Salinity and Water Balance

TABLE 7. AVERAGE LEVELS OF SALINITY AND SODICITY ON SEPTEMBER 1, 1983,
IN THE SEED-LINE REGION OF THE CANTALOUPE SEEDBED, 1983 CROP·

Treatment" Soil depth ECe SAKe

inches dS/m {mmol.JL)lh

C 0-6 6.3 (1.1) 4.2 (.4)
Ca 0-6 10.7 (1.3) 6.2 (.8)
cA 0-6 10.3 (2.4) 7.3 (1.2)

·Values within parentheses are standard error of mean; six replicates; samples collected from
three locations in replicates 2 and 5.

t C = only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.

TABLE 8. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON
ON NOVEMBER 22, 1983, THROUGHOUT THE CANTALOUPE ROOT ZONE

BENEATH THE FURROW, 1983 CROP·

Treatment" Soil depth ECe SAKe Be

inches dS/m (mmol.J L)¥2 mg/L
C 0-6 3.6 (.6) 3.1 (.3) .39 (.05)

6-12 4.0(.9) 4.0(.6) .32 (.06)
12-18 4.3 (.9) 4.2 (.8) .28 (.06)
18-24 5.3 (.7) 4.1 (.8) .30(.07)
24-36 5.3 (.7) 3.9 (.8) .33 (.09)

Ca 0-6 3.3 (.3) 3.5 (.1) .43 (.02)
6-12 4.4(.6) 3.9 (.2) .39 (.02)

12-18 5.3 (.5) 3.8 (.2) .34 (.03)
18-24 5.8 (.4) 3.9(.4) .41 (.06)
24-36 6.7 (.5) 4.4(.6) .47 (.08)

cA 0-6 3.3 (.4) 3.6 (.2) .53 (.03)
6-12 4.2 (.6) 4.5 (.2) .42(.04)

12-18 5.1 (.5) 4.4(.3) .42 (.04)
18-24 5.8 (.4) 4.1 (.2) .41 (.07)
24-36 6.5 (.6) 4.3 (.4) .44(.07)

·Values within parentheses are standard error of mean; six replicates; samples collected from
three locations each in replicates 2 and 5.

tc = Only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.
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TABLE 9. AVERAGE LEVELS OF SALINITY AND SODICITY ON JANUARY 17, 1984,
IN THE WHEAT SEEDBED, 1984 CROP; SUCCESSIVE CROP ROATION·

Treatment" Soil depth ECe SAKe Be

inches dS/m (mmol.JL)lh mg/L
C 0-6 2.35 (.6) 5.55 (.05) 0.89 (.18)

Ca 0-6 2.10 (.1) 6.60 (.00) 0.91 (.16)

cA 0-6 2.35 (.3) 6.00 (1.3) 0.83 (.05)

·Values within parentheses are standard error of mean; six replicates; samples collected from
three locations each in replicates 2 and 5.

tc = only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.

TABLE 10. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON ON JUNE 4,
1984, IN THE WHEAT ROOT ZONE, 1984 CROP, SUCCESSIVE CROP ROTATION·

Treatment" Soil depth ECe SAKe Be

inches dS/m (mmolc/L/h mg/L

C 0-6 2.43 (.2) 5.8 (.05) .82 (.02)
6-12 2.94 (.4) 6.4 (.3) .68 (.04)

12-18 2.96(-) 7.8(-) .62(-)
18-24 4.60(.2) 5.5 (.1) .46(.06)
24-36 4.88 (.2) 6.2 (.6) .42 (.02)
36-48 5.09 (.3) 7.0 (.7) 1.12 (.66)

Ca 0-6 3.70 (.1) 7.3 (.01) 1.39 (.54)
6-12 4.38 (.4) 7.6 (.5) 1.43 (.78)

12-18 4.80 (.4) 6.4(.04) 1.13 (.66)
18-24 5.55 (.05) 7.7 (.3) 1.12 (.49)
24-36 5.56 (.05) 7.7 (.02) 1.05 (.51)
36-48 4.07 (1.8) 8.3 (.8) 1.03 (.46)

cA 0-6 3.95 (.25) 8.2 (.3) .89 (.00)
6-12 4.88 (1.1) 8.1 (.1) .71 (.05)

12-18 5.02 (1.4) 8.8 (.4) .70(.03)
18-24 5.39 (1.1) 7.9 (1.2) .62 (.03)
24-36 5.94 (.2) 7.0 (1.1) .48(.06)
36-48 6.30 (.5) 8.0 (2.1) .54 (.13)

·Values within parentheses are standard error of mean; six replicates; samples collected from
three locations each in replicates 2 and 5.

tc = only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.
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TABLE 11. AVERAGE LEVELS OF SALINITY AND SODICITY ON OCTOBER 9,1984,
IN THE SEED-LINE REGION OF THE SUGARBEET SEEDBED, 1985 CROP·

Treatment" Soil depth ECe SAKe Be

inches dS/m (mmolc/L/h mg/L
C 0-6 2.4 (.3) 5.3 (.2) .52 (.02)
Ca 0-6 2.3 (.3) 5.8 (.3) .56 (.02)
cA 0-6 2.1 (.2) 6.2 (.3) .58 (.02)

*Values within parentheses are standard error of mean; 18 replicates; samples collected from
three locations each in all replicates.

t C = only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.

TABLE 12. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON
BENEATH THE FURROW ON JUNE 24, 1985,

THROUGHOUT THE SUGARBEET ROOT ZONE, 1985 CROP·

Treatment" Soil depth ECe SAKe Be

inches dS/m (mmolc/L/h mg/L
C 0-6 2.9 (.4) 5.6 (.2) .70(.09)

6-12 3.5 (.6) 6.2 (.4) .42 (.03)
12-18 4.8 (.3) 6.3 (.5) .38 (.03)
18-24 5.3 (.3) 6.4 (.5) .39 (.04)
24-36 4.6 (.8) 6.8 (.8) .38 (.05)

Ca 0-6 5.5 (.2) 8.2 (.1) .76(.04)
6-12 4.8(.4) 7.8 (.2) .44 (.02)

12-18 5.7 (.4) 7.7 (.5) .40(.03)
18-24 6.0(.4) 7.6 (.7) .39 (.02)
24-36 6.0 (.3) 7.3 (.5) .38 (.02)

cA 0-6 6.6 (.5) 9.1 (.5) .98 (.21)
6-12 6.0(.4) 8.7 (.2) .45 (.04)

12-18 6.4 (.3) 8.9 (.3) .40(.03)
18-24 6.6 (.2) 8.3 (.3) .38(.03)
24-36 6.7 (.1) 8.2 (.2) .35 (.03)

*Values within parentheses are standard error of mean; 18 replicates; samples collected from
three locations each in all replicates.

tc = only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.
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TABLE 13. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON
ON SEPTEMBER 5, 1985,

IN THE SEED-LINE REGION OF THE CANTALOUPE SEEDBED, 1985 CROP·

Treatmentt Soil depth ECe SAKe Be

inches dS/m (mmol.JL)lh mg/L

C 0-6 2.29 (.1) 4.9 (.2) 0.74 (.06)

Ca 0-6 2.85 (.3) 5.5 (.1) 0.79 (.07)
cA 0-6 2.37 (.1) 6.7 (.4) 0.83 (.02)

*Values within parentheses are standard error of mean; six replicates; samples collected from
three locations each in replicates 2 and 5.

tC = only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.

TABLE 14. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON
BENEATH THE FURROW ON DECEMBER 16, 1985

THROUGHOUT THE CANTALOUPE ROOT ZONE, 1985 CROP·

Treatmentt Soil depth ECe SAKe Be

inches dS/m (mmolc/L/h mg/L

C 0-6 4.0 (.5) 5.8 (.3) 1.00 (.03)
6-12 2.5 (.5) 5.1 (.5) 0.73 (.04)

12-18 3.0 (.7) 5.4 (.4) 0.55 (.03)
18-24 4.6 (.4) 5.4 (.7) 0.50 (.02)
24-36 4.6 (.5) 5.8 (.7) 0.49 (.03)
36-48 4.7 (.6) 7.2 (1.1) 0.46 (.03)
48-60 4.8 (.5) 6.0(0.7) 0.46 (.04)

Ca 0-6 5.6 (.9) 7.7 (0.5) 1.26 (.14)
6-12 3.7 (.4) 7.1 (0.3) 0.93 (.09)

12-18 4.8 (.5) 7.1 (0.4) 0.69 (.07)
18-24 5.4 (.5) 6.9 (0.5) 0.54 (.04)
24-36 5.7 (.3) 6.9 (0.6) 0.49 (.03)
36-48 6.2 (.5) 7.4 (0.8) 0.48 (.04)
48-60 5.7 (.3) 7.2 (0.9) 0.48 (.04)

cA 0-6 5.8 (1.0) 8.5 (0.6) 1.24 (.09)
6-12 4.9 (.4) 7.8 (0.4) 0.99 (.11)

12-18 5.6 (.5) 7.9 (0.2) 0.73 (.06)
18-24 6.3 (.3) 7.6 (0.2) 0.60 (.04)
24-36 6.1 (.2) 7.7 (0.3) 0.51 (.03)
36-48 6.5 (.3) 8.1 (0.3) 0.52 (.04)
48-60 6.4 (.1) 8.2 (0.3) 0.48 (.04)

*Values within parentheses are standard error of mean; 18 replicates; samples collected from
three locations each in all replicates.

t C = only Colorado River water used for irrigation; Alamo River water used for irrigation
after seedling establishment in relatively lesser (Ca) and greater (cA) amounts.
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TABLE 15. AVERAGE LEVELS OF SOIL SALINITY AND SODICITY ON MAY 13, 1982,
IN THE SEED-LINE REGION OF THE COTTON SEEDBED, 1982 CROP·

Treatmentt Soil depth ECe SAKe

inches dS/m (mmolc/L/h

C 0-6 4.20 (.38) 5.5 (.2)

cA 0-6 3.53 (.43) 5.5 (.3)

A 0-6 7.10 (.37) 8.1 (.3)

·Values within parentheses are standard error of mean; six replicates; samples collected from
three locations in replicates 2 and 5.

tc = only Colorado River water used for irrigation; cA = Alamo River water substituted for
Colorado River water after seedling establishment; A = only Alamo River water used.

TABLE 16. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON
BENEATH THE FURROW ON NOVEMBER 3, 1982

THROUGHOUT THE COTTON ROOT ZONE, 1982 CROP·

Treatmentt Soil depth EC e SAKe Be

inches dS/m (mmolc/L/h mg/L
C 0-6 2.47 (.11) 5.5 (.3) 0.88 (.03)

6-12 3.28 (.50) 6.3 (.3) 0.85 (.03)
12-18 3.88 (.67) 6.8 (.4) 0.77 (.03)
18-24 4.17 (.70) 7.6 (.5) 0.72 (.04)
24-30 5.33 (.47) 8.3 (1.0) 0.80 (.06)
30-36 5.70 (.55) 8.7 (1.2) 0.78 (.07)

cA 0-6 3.90 (.11) 7.9 (.3) 1.23 (.07)
6-12 5.00 (.48) 7.9 (.4) 1.03 (.08)

12-18 5.63 (.48) 8.2 (.6) 0.97 (.06)
18-24 6.20 (.26) 9.0 (.7) 0.97 (.10)
24-30 6.78 (.40) 9.9 (.9) 1.00 (.11)
30-36 6.98 (.64) 10.9 (1.5) 1.05 (.11)

A 0-6 5.23 (.44) 8.9 (.4) 1.12 (.12)
6-12 6.07 (.22) 8.5 (.2) 0.93 (.12)

12-18 6.45 (.17) 8.9 (.4) 0.83 (.11)
18-24 6.98 (.19) 9.3 (.6) 0.82 (.09)
24-30 6.90 (.24) 10.1 (.8) 0.83 (.09)
30-36 6.97 (.38) 10.1 (1.0) 0.87 (.12)

·Values within parentheses are standard error of mean; six replicates; samples collected from
three locations each in replicates 2 and 5.

tc = only Colorado River water used for irrigation; cA = Alamo River water substituted
for Colorado River water after seedling establishment; A = only Alamo River water used.
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TABLE 17. AVERAGE LEVELS OF SOIL SALINITY AND SODICITY ON JULY 20, 1983
IN THE SEED-LINE REGION OF THE COTTON SEEDBED, 1983 CROP·

Treatment" EC e SAKe

dS/m (mmolc/L/h

C 10.9 (3.4) 12.5 (2.7)

Ca 6.3 (1.0) 11.5 (2.2)
A 18.6 (3.1) 25.0 (3.6)

·Values within parentheses are standard error of mean; 18 replicates; samples collected from
three locations each in all six replicates.

tc = only Colorado River water used for irrigation; cA = Alamo River water substituted
for Colorado River water after seedling establishment; A = only Alamo River water used.

TABLE 18. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON
BENEATH THE FURROW ON DECEMBER 12, 1983,

THROUGHOUT THE COTTON ROOT ZONE, 1983 CROP·

Treatment" SoU depth EC e SAKe Be

inches dS/m (mmol.JL)¥2 mg/L

C 0-6 3.5 (.4) 5.4 (0.2) 1.18 (.06)
6-12 5.0 (.6) 7.6 (.7) 1.15 (.04)

12-18 6.5 (.5) 8.8 (.9) 1.11 (.08)
18-24 6.8 (.5) 9.7 (1.0) 1.12 (.07)
24-36 7.2 (.5) 10.2 (.9) 1.11 (.10)

Ca 0-6 6.7 (.4) 9.8 (.5) 1.51 (.05)
6-12 7.6 (.3) 10.8 (.7) 1.29 (.11)

12-18 8.2 (.2) 11.4 (.7) 1.28 (.12)
18-24 8.3 (.4) 12.3 (1.1) 1.43 (.14)
24-36 8.4 (.7) 13.2 (1.5) 1.27 (.15)

A 0-6 7.7 (.5) 11.0 (.4) 1.92 (.11)
6-12 7.6 (.3) 10.8 (.4) 1.51 (.06)

12-18 7.9 (.3) 10.8 (.7) 1.33 (.12)
18-24 8.1 (.3) 10.7 (.9) 1.37 (.09)
24-36 8.3 (.4) 11.4(1.1) 1.27 (.06)

·Values within parentheses are standard error of mean; 18 replicates; samples collected from
three locations each in all replicates.

tc = only Colorado River water used for irrigation; cA = Alamo River water substituted
for Colorado River water after seedling establishment; A = only Alamo River water used.
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TABLE 19. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON THROUGH-
OUT THE WHEAT ROOT ZONE AFTER THE IRRIGATION OF JANUARY 17,1987·

Treatment" Soil depth EC e SAKe Be

inches dS/m (mmolc/L/h mg/L
C 0-6 3.0 (.35) 4.9 (.3) .80 (.04)

6-12 4.6 (1.2) 6.7 (1.6) .75 (.06)
12-18 5.5 (1.1) 8.2 (1.2) .77 (.04)
18-24 6.8 (1.2) 10.5 (204) .82 (.02)
24-36 7.6 (.90) 11.7 (2.5) .84 (.06)
36-48 7.5 (1.2) 11.1 (2.2) .78 (.09)

cA 0-6 4.0 (.75) 7.5 (AI) .75 (.08)
6-12 6.2 (.83) 8.8 (.78) 1.05 (.06)

12-18 7.7 (.79) 9.9 (.82) .88 (.03)
18-24 8.0 (.57) 10.2 (.72) .74 (.03)
24-36 8.1 (.42) 10.2 (1.1) .72 (.05)
36-48 7.8 (.43) 10.5 (1.1) .82 (.08)

A 0-6 5.6 (.39) 10.9 (.9) 1.22 (.01)
6-12 8.0 (.54) 12.8 (.1) 1.15 (.06)

12-18 8.5 (.29) 12.0 (.2) .86 (.06)
18-24 8.2 (.34) 12.0 (.2) .75 (.04)
24-36 7.8 (.50) 11.3 (.7) .76 (.04)
36-48 8.1 (.55) 12.0 (.9) .94 (.22)

·Values within parentheses are standard error of mean; three samples were composited into
one sample from each of replicates 1, 3, and 6.

tOnly Colorado River water was used to irrigate this crop; Alamo River water was used to
irrigate the two preceding cotton crops solely (A) or after seedling establishment with Colo-
rado River water (cA).

TABLE 20. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON THROUGH-
OUT THE WHEAT ROOT ZONE AFTER THE IRRIGATION OF FEBRUARY 24, 1984·

Treatmentt Soil depth ECe SAKe Be

inches dS/m (mmolc/L/h mg/L
C 0-6 2.3 (.3) 5.5 (.1) .88 (.06)

6-12 3.8 (.8) 6.3 (.2) .76 (.03)
12-18 5.0 (.9) 8.1 (.8) .66 (.06)
18-24 6.3 (.9) 9.4 (1.7) .66 (.11)
24-36 7.4 (.5) 10.6 (1.3) .67 (.06)
36-48 7.4 (.7) 12.7 (2.9) .60 (.13)

cA 0-6 3.2 (.5) 7.3 (1.1) 1.02 (.06)
6-12 5.6 (.7) 8.5 (.6) .75 (.08)

12-18 7.0 (.1) 9.8 (.3) .70 (.06)
18-24 7.3 (.3) 9.0 (.5) .58 (.03)
24-36 7.6 (.5) 10.9 (1.4) .65 (.14)
36-48 7.4 (.7) 10.2 (104) .61 (.12)

A 0-6 3.5 (A) 7.2 (.2) 1.20 (.03)
6-12 6.0 (.2) 10.2 (.7) .98 (.03)

12-18 7.0 (.5) 10.7 (.5) .77 (.04)
18-24 7.2 (.2) 10.3 (.3) .72 (.06)
24-36 7.8 (.4) 10.0 (1.0) .65 (.13)
36-48 8.1 (.7) 10.1 (1.4) .69 (.14)

*Values within parentheses are standard error of mean; three samples collected were com­
posited into one sample from each of replicates 1, 3, and 6.

tOnly Colorado River water was used to irrigate this crop (C); Alamo River water was used
to irrigate the two preceding cotton crops solely (A) or after seedling establishment with
Colorado River water (cA).



HILGARDIA • Vol.56 • No.5. October 1988 35

TABLE 21. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON THROUGH-
OUT THE WHEAT ROOT ZONE AFTER THE IRRIGATION OF MARCH 26, 1984·

Treatmentt Soil depth ECe SAKe Be

inches dS/m {mmol.JL)V2 mg/L
C 0-6 2.3 (.44) 4.9 (.12) .78 (.02)

6-12 3.5 (1.0) 6.2 (.48) .80 (.01)
12-18 5.5 (1.4) 9.0 (1.6) .67 (.06)
18-24 6.2 (.95) 9.4 (1.4) .68 (.06)
24-36 6.9 (.64) 10.4 (1.5) .58 (.05)
36-48 7.6 (.90) 11.0 (2.3) .63 (.13)

cA 0-6 2.2 (.2) 6.4 (.40) .91 (.06)
6-12 4.6 (.4) 9.8 (.60) .82 (.05)

12-18 5.9 (.6) 10.7 (1.3) .79 (.09)
18-24 7.4 (.3) 10.0 (1.0) .73 (.12)
24-36 6.5 (.7) 11.4 (1.5) .71 (.08)
36-48 6.4 (.4) 11.0 (2.2) .65 (.11)

A 0-6 3.2 (.30) 6.6 (.52) .99 (.05)
6-12 6.2 (.23) 10.4 (.23) .97 (.04)

12-18 7.4 (.47) 11.4 (.50) .74 (.06)
18-24 7.6 (.58) 12.1 (1.5) .66 (.07)
24-36 7.5 (.44) 11.5 (2.0) .65 (.09)
36-48 8.2 (.84) 11.3 (1.8) .67 (.12)

·Values within parentheses are standard error of mean; three samples collected were com-
posited into one sample from each of replicates 1, 3, and 6.

tOnl y Colorado River water was used to irrigate this crop (C); Alamo River water was used
to irrigate the two preceding cotton crops solely (A) or after seedling establishment with
Colorado River water (cA).

TABLE 22. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON THROUGH-
OUT THE WHEAT ROOT ZONE AFTER THE IRRIGATION OF APRIL 13, 1984·

'Ireatment" Soil depth ECe SAKe Be

inches dS/m (mmolc/L/h mg/L
C 0-6 2.0 (.3) 5.0 (.3) .67 (.02)

6-12 4.3 (1.0) 6.5 (.1) .61 (.06)
12-18 5.2 (1.2) 7.9 (.8) .60 (.08)
18-24 6.3 (.8) 8.5 (1.1) .56 (.10)
24-36 6.7 (.8) 9.1 (1.6) .54 (.08)
36-48 6.7 (.9) 9.0 (1.4) .59 (.16)

cA 0-6 3.2 (.7) 6.4 (.3) .75 (.05)
6-12 5.5 (1.3) 8.5 (.6) .69 (.02)

12-18 6.6 (.8) 9.2 (.8) .50 (.03)
18-24 6.9 (.6) 9.4 (.6) .61 (.03)
24-36 7.6 (.6) 10.3 (.6) .55 (.04)
36-48 8.1 (.7) 10.4 (1.5) .57 (.07)

A 0-6 3.6 (.3) 6.7 (.7) .95 (.06)
6-12 6.0(.7) 9.0 (.3) .82 (.03)

12-18 7.4 (.9) 10.6 (1.0) .68 (.07)
18-24 7.8 (.8) 11.4(1.1) .67 (.04)
24-36 8.4 (1.0) 11.4 (1.8) .58 (.07)
36-48 9.1 (1.3) 12.2 (2.1) .68 (.15)

·Values within parentheses are standard error of mean; three samples collected were com-
posited into one sample from each of replicates 1, 3, and 6.

tOnly Colorado River water was used to irrigate this crop (C); Alamo River water was used
to irrigate the two preceding cotton crops solely (A) or after seedling establishment with
Colorado River water (cA).
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TABLE 23. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON THROUGH-
OUT THE WHEAT ROOT ZONE AFTER THE IRRIGATION OF APRIL 30, 1984*

Treatmentt Soil depth ECe SARe Be

inches dS/m (mmolc/L/12 mg/L
C 0-6 2.5 (.3) 4.1 (.4) .61 (.04)

6-12 4.5 (.8) 6.3 (.7) .57 (.03)
12-18 5.3 (.9) 7.7 (1.3) .54 (.05)
18-24 5.7 (1.0) 8.6 (1.9) .52 (.06)
24-36 6.3 (0.7) 8.7 (2.0) .52 (.07)
36-48 6.2 (0.6) 8.6 (1.7) .46 (.05)

cA 0-6 2.9 (.5) 5.2 (.9) .74 (.05)
6-12 5.8 (1.4) 8.5 (1.4) .72 (.06)

12-18 7.2 (.5) 9.8 (1.5) .61 (.03)
18-24 7.4 (.5) 10.0 (1.1) .58 (.00)
24-36 7.6 (.6) 10.5 (1.3) .49 (.04)
36-48 7.9 (1.2) 10.9 (1.6) .55 (.06)

A 0-6 2.9 (.5) 5.6 (.7) .73 (.05)
6-12 6.4 (.5) 9.9 (.9) .74 (.07)

12-18 7.6 (.9) 10.8 (1.8) .59 (.04)
18-24 7.8 (.7) 10.6 (1.6) .54 (.03)
24-36 7.6 (.7) 10.3 (1.7) .56 (.07)
36-48 7.5 (.8) 11.0 (2.1) .54 (.10)

·Values within parentheses are standard error of mean; three samples were composited into
one sample from each of replicates 1, 3, and 6.

tOnly Colorado River water was used to irrigate this crop (C); Alamo River water was used
to irrigate the two preceding cotton crops solely (A) or after seedling establishment with
Colorado River water (cA).

TABLE 24. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON THROUGH-
OUT THE WHEAT ROOT ZONE AFfER THE IRRIGATION OF JUNE 5, 1984·

Treatmentt Soil depth ECe SARe Be

inches dS/m (mmolc/L/h mg/L
C 0-6 3.6 (.9) 5.3 (.6) 1.08 (.12)

6-12 6.6 (1.9) 9.6 (1.9) .91 (.08)
12-18 8.2 (2.0) 10.0 (1.8) .85 (.02)
18-24 7.7 (1.3) 11.1 (2.0) .78 (.06)
24-36 9.8 (1.9) 11.8 (2.7) .78 (.11)
36-48 9.3 (1.4) 11.3 (1.6) .78 (.08)

cA 0-6 2.6 (.4) 5.6 (.8) 1.07 (.08)
6-12 5.7 (1.0) 8.5 (1.0) .90 (.06)

12-18 7.0 (1.1) 9.5 (1.4) .77 (.07)
18-24 8.1 (.8) 9.9 (1.2) .77 (.06)
24-36 8.0 (.9) 10.3 (1.3) .78 (.09)
36-48 9.3 (1.3) 11.7 (2.0) .79 (.13)

A 0-6 2.7 (.4) 5.3 (.1) 1.07 (.05)
6-12 6.0 (.9) 9.0 (.8) .92 (.07)

12-18 7.7 (.9) 10.8 (1.7) .79 (.04)
18-24 8.7 (.8) 10.9 (1.6) .75 (.05)
24-36 8.4 (1.0) 10.5 (1.9) .71 (.05)
36-48 9.3 (1.4) 11.7 (2.7) .93 (.15)

·Values within parentheses are standard error of mean; three samples were composited into
one sample from each of replicates 1, 3, and 6.

tOnly Colorado River water was used to irrigate this crop (C); Alamo River water was used
to irrigate the two preceding cotton crops solely (A) or after seedling establishment with
Colorado River water (cA).
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TABLE 25. AVERAGE LEVELS OF SALINITY AND SODICITY
ON NOVEMBER 15, 1984, IN THE SEED-LINE REGION OF THE ALFALFA SEEDBED·

37

Treatment"

C
cA

A

Soil depth

inches

0-6
0-6
0-6

dS/m
4.0 (.03)
4.3 (0.4)
4.4 (0.4)

(mmolc/L/h

6.3 (0.2)
7.1 (0.3)
7.1 (0.4)

mg/L

0.64 (.01)
0.72 (.03)
0.79 (.04)

·Values within parentheses are standard error of mean; 18 replicates; three samples collected
separately from each of all six replicates.

tOnly Colorado River water was used to irrigate this crop; Alamo River water was used to
irrigate the two preceding cotton crops solely (A) or after seedling establishment with Colo­
rado River water (cA).

TABLE 26. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON
BENEATH THE SEED-LINE THROUGHOUT THE ALFALFA ROOT ZONE

AFTER THE IRRIGATION OF APRIL 3, 1985·

Treatmentt Soil depth EC e SAKe Be

inches dS/m (mmolc/L/h mg/L

C 0-6 3.73 (1.18) 7.9 (1.6) 0.86 (.09)
6-12 4.20 (1.31) 9.4 (1.7) 0.82 (.02)

12-18 5.03 (1.24 12.1 (1.8) 0.90 (.21)
18-24 5.43 (0.92) 10.8 (.85) 0.58 (.01)
24-36 6.87 (0.78) 13.6 (2.4) 0.57 (.07)
36-48 8.13 (1.06) 16.9 (3.7) 0.66 (.05)

cA 0-6 2.70 (.45) 7.3 (.6) 1.01 (.08)
6-12 4.30 (.71) 10.1 (1.0) .88 (.08)

12-18 5.13 (.47) 10.9 (0.8) .79 (.10)
18-24 6.30 (.23) 11.5 (1.0) .57 (.08)
24-36 7.43 (.38) 13.6 (0.6) .57 (.11)
36-48 8.07 (.64) 13.8 (0.9) .54 (.08)

A 0-6 3.67 (.45) 9.0 (1.1) 1.01 (.04)
6-12 5.10 (.89) 11.2 (1.2) .89 (.04)

12-18 6.67 (.47) 13.0 (.8) .67 (.04)
18-24 7.17 (.58) 13.0 (1.1) .59 (.02)
24-36 7.37 (.68) 13.8 (1.4) .54 (.04)
36-48 7.13 (.72) 13.7 (2.2) .57 (.07)

·Values within parentheses are standard error of mean; three samples were composited into
one sample from each of replicates 1,3, and 6.

tOnly Colorado River water was used to irrigate this crop (C); Alamo River water was used
to irrigate the two preceding cotton crops solely (A) or after seedling establishment with
Colorado River water (cA).
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TABLE 27. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON
BENEATH THE SEED-LINE THROUGHOUT THE ALFALFA ROOT ZONE

AFTER THE IRRIGATION OF JULY 30, 1985*

Treatmentt Soil depth EC e SAKe Be

inches dS/m (mmolc/L/h mg/L
C 0-6 1.76 (.12) 4.3 (.2) .90 (.13)

6-12 3.11 (1.04) 5.8 (.7) .99 (.13)
12-18 5.55 (1.66) 7.5 (1.5) .89 (.10)
18-24 6.36 (1.09) 9.1 (2.1) .75 (.09)
24-36 6.40 (.29) 9.4 (.8) .68 (.03)
36-48 7.80 (1.00) 10.3 (1.2) .74(.04)

cA 0-6 2.71 (1.19) 5.7 (1.3) 1.18 (.28)
6-12 4.24 (.71) 6.8 (.9) 1.13 (.18)

12-18 6.83 (.52) 8.7 (.6) .95 (.16)
18-24 7.75 (.65) 10.8 (1.1) .79 (.13)
24-36 8.47 (.33) 12.6 (1.1) .69 (.05)
36-48 9.10 (.21) 13.0 (1.0) .82 (.11)

A 0-6 1.88 (.09) 5.0 (.3) .89 (.10)
6-12 4.48 (.52) 7.0 (.4) 1.10 (.16)

12-18 6.20 (.34) 7.6 (2.3) .84 (.16)
18-24 6.46 (.19) 10.3 (0.5) .69 (.12)
24-36 7.78 (.15) 11.2(.5) .65 (.09)
36-48 8.36 (.60) 12.4 (1.0) .65 (.11)

*Values within parentheses are standard error of mean; three samples were composited into
one sample from each of replicates 2, 3, and 6.

tOnly Colorado River water was used to irrigate this crop (C); Alamo River water was used
to irrigate the two preceding cotton crops solely (A) or after seedling establishment with
Colorado River water (cA).
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TABLE 28. AVERAGE LEVELS OF SALINITY, SODICITY, AND BORON
BENEATH THE SEED-LINE THROUGHOUT THE ALFALFA ROOT ZONE

AFTER THE IRRIGATION OF DECEMBER 19, 1985*

Treatment t Soil depth EC e SARe Be

inches dS/m (mmolc/L/h mg/L
C 0-6 2.54 (.46) 4.7 (0.3) 1.18 (.16)

6-12 4.96 (.79) 6.1 (0.6) 1.11 (.14)
12-18 6.00 (.66) 7.8 (.7) .93 (.08)
18-24 7.36 (.55) 10.0 (1.1) .85 (.07)
24-36 7.91 (.90) 11.2 (1.5) .82 (.05)
36-48 8.41 (.55) 12.3 (0.9) .86 (.04)
48-60 8.25 (.62) 12.1 (1.2) .86 (.08)

cA 0-6 3.15 (.51) 6.1 (0.5) 1.36 (.10)
6-12 6.55 (.72) 8.2 (0.6) 1.56 (.05)

12-18 7.64 (.94) 10.5 (0.8) 1.25 (.07)
18-24 8.24 (.89) 11.6(1.1) 1.00 (.05)
24-36 9.11 (.81) 13.2 (1.8) .90 (.09)
36-48 9.40 (1.09) 14.0 (2.5) .88 (.08)
48-60 9.91 (1.17) 15.5 (2.9) .94 (.11)

A 0-6 2.33 (.14) 5.3 (.3) 1.44 (.09)
6-12 5.51 (.71) 7.6 (.1) 1.59 (.10)

12-18 7.24 (.46) 9.8 (.7) 1.17 (.07)
18-24 8.40 (.52) 12.2 (1.3) .93 (.05)
24-36 9.57 (.83) 13.6 (2.0) .87 (.08)
36-48 10.46 (1.04) 14.3 (2.4) .86 (.07)
48-60 9.29 (.85) 13.2 (2.1) .85 (.09)

·Values within parentheses are standard error of mean; 18 replicates; three samples collected
from each of all six replicates.

"Colorado River water was used solely for the irrigation of this crop (C); Alamo River
water was used to irrigate the two preceding cotton crops solely (A) or after seedling estab­
lishment with Colorado River water (cA).

TABLE 29. WHEAT CANOPY TEMPERATURES ON MARCH 31,1982*

Treatmentt:j:

Time Cs Cas CAs WB~

----- oC _

1027-1116 21.0 21.2 20.5 21.0 21.0 21.0 21.2 14.8
(0.69) (0.87) (0.68) (0.55) (0.66) (0.96)

1256-1341 21.7 21.6 21.6 21.8 21.8 21.8 23.2 16.2
(0.76) (0.55) (0.48) (0.52) (0.67) (0.68)

1424-1503 21.6 21.3 21.8 21.2 21.5 20.9 23.2 15.5
(0.85) (0.52) (0.62) (0.29) (0.79) (0.58)

·Wheat was at or just before anthesis. Temperature values are averages of 24 oblique canopy
temperatures measured with an IRT (12 north and 12 south).
tc = only Colorado River water used for irrigation, replicates 2 and 5; Alamo River water
used for irrigation after seedling establishment in relatively lesser (Ca) and greater (cA)
amounts, replicates 2 and 5.

*Numbers within parentheses are standard deviations.
§Dry bulb air temperature.
~Wet bulb air temperature.
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TABLE 30. COTTON CANOPY TEMPERATURES ON THREE DATES IN 1982*

Treatmentt

Date Time C cA A DUt WU§

-------------oC-------------
Aug. 2 0811-0852 26.5 26.8 26.6 30.0 20.3

0921-1001 28.0 28.2 28.0 32.8 22.7
1024-1105 28.7 29.1 28.7 35.0 22.3
1140-1222 30.0 30.1 29.9 34.8 23.8
1311-1347 29.5 30.2 29.6 37.0 21.4
1425-1508 29.6 30.5 30.5 37.5 21.9
1553-1638 31.8 32.7 31.9 36.8 20.8

Sept. 21 0959-1041 30.4 30.3 30.2 30.6 20.8
1116-1200 31.7 31.9 31.8 33.2 21.5
1238-1326 32.7 32.6 32.9 34.5 21.6
1352-1437 32.6 32.1 32.3 35.2 21.0

Sept. 28 1010-1048 25.8 25.8 25.7 24.3 15.3
1154-1228 27.8 27.6 27.5 28.4 16.0
1340-1421 28.4 28.1 28.3 27.6 16.4
1551-1532 26.5 26.3 26.2 27.2 16.4

*Temperature values are averages of 96 observations (six north- and six south-facing oblique
temperatures in each of six replicates per treatment).

tc and A = only Colorado River and Alamo River waters used for irrigation, respectively;
cA = Alamo River water used for irrigation following seedling establishment with Colorado
River water. Nonparametric statistical analysis using Friedman's analyses of variance by
ranks reveal no difference among treatments.

:i:Dry bulb air temperature at 1.5 m.
§Wet bulb air temperature at 1.5 m.

TABLE 31. COTTON LEAF DIFFUSION RESISTANCE ON TWO DATES IN 1982*

Treatmenttt

Date Time C cA A

Sept. 21 1006-1107 1.34 (0.48) 1.18 (0.32) 1.09 (0.27)
1207-1304 1.02 (0.20) 0.99 (0.19) 0.86 (0.10)
1343-1442 0.92 (0.21) 0.89 (0.15) . 0.77 (0.09)

Sept. 28 1011-1117 2.38 (0.55) 1.77 (0.47) 2.67 (1.70)
1154-1258 1.45 (0.41) 1.39 (0.32) 1.41 (0.18)
1345-1444 1.42 (0.26) 1.53 (0.21) 1.49 (0.31)

*Resistance values are averages of four upper and four lower leaf diffusion resistances mea­
sured in two replicates of each treatment, seconds/ern. The upper and lower leaf surfaces
were considered to be connected in parallel and computed as the product of the upper and
lower resistances divided by their sum.

tc and A = only Colorado River or Alamo River waters used for irrigation, respectively;
cA = Alamo River water used for irrigation following seedling establishment with Colorado
River water.

:i:Values within parentheses are standard deviations.
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Continuedfrom insidefront cover

sivecrop rotation of wheat:sugarbeets:cantaloupes) and cotton (in a block ro­
tation of cotton:cotton:wheat:alfalfa). A good stand was obtained under rela­
tivelylow conditions of salinity by using Colorado River water for the preplant
and early-season irrigations.

The salt-sensitive crops in the rotations (cantaloupes and alfalfa) were irri­
gated with Colorado River water only. This procedure kept soil salinity within
acceptable limits over time so that production and quality were sustained when
the sensitive crops were grown on the same land.

The high crop yields and qualities obtained in this field test support the va­
lidity of the rtcommended strategy.

II. Soil Salinity and Water Balance

This paper presents data on water use and soil salinity status obtained in the
fieldexperiment-the remaining information needed to complete the "strategy
verification" process. These data, together with those presented in part I, sup­
port the use of saline drainage waters for irrigation for the following reasons:
(1)Soil salinity and boron were kept within acceptable limits for seedling estab­
lishment and subsequent growth of the individual crops grown in the rotations.
(2)No significant loss of yield or crop quality occurred in any of the five crops
grown with substitution of the saline Alamo River water for Colorado River
water for up to 25 to SO percent of the total irrigation requirements of the two
representative rotations. (3) No problems of soil degradation were observed,
eventhough accumulative leaching was minimal (less than 15 percent), with the
clay soil.

S.I. EQUIVALENTS OF SELECTED ENGLISH UNITS

English
1 acre
1 foot (ft)
1 inch (in)
1 cubic foot (ft3)

1 acre-foot
1 ton (20001b)
I ton/acre
I pound (Ib)
lib/acre
1 pound/bushel (lb/bu)

S.I.
0.405 hectare (ha)
0.304 meter (m)
2.54 centimeters (em)
28.3 liters (L) or
0.0283 cubic meters (m')
12.33 ha-em
0.907 tonne (t)
2.24 t/ha
0.454 kilogram (kg)
1.12 kg/ha
12.87 kg/m'

The University of California, in compliance with the Civil Rights Act of 1964, Title IX of the Education Amend­
ments of 1972. and the Rehabilitation Act of 1973, does not discriminate on the basis of race, creed, religion.
color, national origin, sex, or mental or physical handicap in any of its programs or activities. or with respect
to any of its employment policies, practices, or procedures. The University of California does not discriminate
on the basis of age, ancestry. sexual orientation, marital status, citizenship, medical condition (as defined in
section 12926 of the California Government Code). nor because individuals are disabled or Vietnam era vet­
erans tnquines regarding this policy may be directed to the Personnel Studies and Affirmative Action Manager,
Division of Agriculture and Natural Resources, 2120 University Avenue, University of California, Berkeley,

California 94720, (415) 644-4270.
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