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Fig. I. Experimental field, looking west. The successive-crop rotation area is at left and block
rotation area at right in the foreground. Alamo River is across the top and irrigation lateral across
the bottom.

Fig. 2. Outlet into a replicate basin.
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Fig. 3. Portable calibrated flume and two-way diversion chamber.

Fig. 4. Outlet of pipe from Alamo River to irrigation lateral.
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Fig. 5. Layout of tile drain system and sites (I to 60) where initial soil samples were collected.

We characterized the initial soil conditions by analyzing 240 samples of the soil
collected at 60 locations (the loci of a 150- by 150-foot grid system) in the field (fig.
5). The samples were collected on December 15 and 16, 1981, with a 2-inch-diame­
ter auger, from four soil depth-intervals (3-9, 15-21,27-33, and 39-45 inches). These
samples were analyzed for electrical conductivity (EC), sodium adsorption ratio
(SAR), and boron concentration (B) in saturated soil-paste extracts. The samples
were also analyzed for saturation percentage (SP), gravimetric and volumetric soil
water content at field capacity (Pwand 8v) ' bulk density, and particle size distribu­
tion (% sand, silt, and clay).

Average properties of the soil samples are given in table 3 for the various soil
depths. The mean contents of clay, silt, and sand in the sampled profile were 47, 37,
and 16 percent, respectively. The average bulk density was 1.45 g/cm3• The aver­
age "field capacity" water content of the sampled profile was 29.8 percent by weight
and 43.3 percent by volume (5.2 inches per foot). The soil was initially low to me­
dium in salt status.

RESULTS

Crop Yields

Successive Crop Rotation

No significant differences in wheat and sugarbeet yields occurred in either cycle
of the successive-crop rotation as a result of substituting drainage water (even in the
greater amount of 65 to 75 percent) for Colorado River water to irrigate these crops
after seedling establishment (table 4). The mean yields of cantaloupe seed among
treatments were not statistically significantly different. The yields of fresh-market
melons (numbers of cartons of cantaloupes obtained by commercial-harvest opera-



8 Rhoades et al.: Hypothesis, Procedures, Results

tions) in 1985 also were not significantly different. Hence, no yield loss was ob­
served from growing cantaloupes using Colorado River water for irrigation (either
for seed or fresh melons) on the land previously salinized from the irrigation of wheat
and sugarbeets using drainage water.

The commercial harvesting operation employed for the fresh-melon market in­
volved the subjective elimination by the hand-harvesting crew of melons of inferior
quality, based on visual appearance. These yields thus represent those of commer­
cially suitable quality. The year 1985 was not favorable for fresh-market melons in
the Imperial Valley, since black fungus and yellow virus damage were prevalent.
The crop would have been picked once more had not an intervening rain prevented
it.

The yields obtained by hand-harvesting 30 foot-long sections of row, as expressed
in terms of total weight of melons, were lower in the plots that had been previously
irrigated with Alamo River (see table 7). But, as will be discussed later, melon qual­
ity was better in these plots. This quality difference apparently explains the lack of
any measured loss of commercial yield of fresh-market melons in these plots.

Block Rotation

In the block rotation, commercial harvesting operations revealed no loss in lint
yield in the first cotton crop (1982) from use of Alamo River water for irrigation,
even when it was used during the preplant and seedling establishment periods. This
1982 cotton crop was grown in sloping beds to facilitate seedling establishment.

There was no significant loss in lint yield in the second cotton crop (1983) from
use of Alamo River water for the irrigations that followed seedling establishment
with Colorado River (cA). There was a substantial loss of lint yield, however, where
only Alamo River water was used for irrigation (A). This loss resulted primarily
from a decrease in the stand caused by excessively high salinity in the seedbed dur­
ing the seedling establishment period (as discussed in part II).

The problem of poor stand apparently was accentuated in 1983, because sloping
beds were not used during the seedling establishment period, as they were in 1982.
Furthermore, conditions in 1983 were not favorable for seedling emergence because
rainfall caused surface crusting problems. The commercial fields in the surround­
ing area were replanted because of this problem, but the experimental area was not.
The growing season was also longer in 1982 than in 1983. These circumstances
partly explain the relatively low lint yields obtained in 1983 compared with those in
1982.

No statistically significant loss in wheat grain or alfalfa hay yield occurred in the
block rotation on plots previously irrigated with Alamo River water. Grain yields
were high and essentially the same as those obtained in the successive crop rotation
plots. Likewise, hay yields were above average for this area, even though the alfalfa
was slightly under-irrigated by furrow irrigation (discussed in part II).

Qualities of Crops

Successive Crop Rotation

The grain irrigated with Alamo River water after seedling establishment was su­
perior in quality (for purposes of bread baking) to that in the control treatment in 1982



HILGARDIA • Vol.56 • No.5. October 1988 9

(table 6). The flour of the cA wheat grain was significantly higher in protein and
produced a loaf of significantly greater volume in 1982. The beneficial relation
between loaf volume and protein percentage for this wheat flour (1982) is shown in
figure 6. No significant differences in protein content and loaf volume were found
between treatments in 1983.

Various measurements of the quality of fresh-market cantaloupes in the hand­
harvested sample set of 1985 are given in table 7. The number of fruit decreased with
increasing amounts of Alamo River water, and fruit size was smaller in the cA treat­
ment. On the other hand, melons collected from the Alamo River treatment plots
were of better quality in terms of "netting" and flesh color. Melons of the C treat­
ment were rated poorer in quality than those of the Ca and cA treatments. This find­
ing probably explains why the commercial yield was higher in the cA plots, since the
harvesting crew discarded all fruit of low quality. The sugar contents were not sig­
nificantly different among treatments.

Block Rotation

Cotton crops, 1982, 1983. The quality analyses of the commercially picked cot­
ton lint were done in different laboratories and by somewhat different methods in
1982 than in 1983 (tables 8 and 9). Within each year, the lint was of high and simi­
lar quality irrespective of treatment.
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Fig. 6. Relation between loaf volume and protein percentage in flour from wheat irrigated with Colo­
rado and Alamo River water.
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Wheat crop, 1984. Contrary to the results obtained in the successive crop rota­
tion, no significant differences in bread-baking quality between treatments were
observed in the block rotation (table 10). The reason is probably that the salinity
differences between treatments earlier in these fields (after cotton) were eliminated
within the crop's major root zone upon return to irrigation with Colorado River
water. These salinity data are discussed in part II.

Alfalfa crop, 1985. The hay was significantly higher in protein content and in total
digestible nutrients in the plots that had been irrigated with Alamo River water (table
11). Apparently, the higher salinity in the deeper soil depths within these plots ex­
erted some "stress influence" that improved hay quality. These salinity data are
discussed in part II.

SUMMARY AND CONCLUSIONS

A strategy for irrigating crops with saline drainage water was tested under actual
commercial field conditions in the Imperial Valley of California. Drainage water
(Alamo River) was substituted for the "normal water" (Colorado River) to irrigate
sugarbeets and wheat (in a successive crop rotation) and cotton (in a block rotation)
following seedling establishment-a time when the crops were sufficiently mature
and more tolerant of higher levels of salinity. A good stand was obtained under the
lower salinity conditions achieved by pre-irrigating with Colorado River water in­
stead of Alamo River water.

Irrigating the other crops in the rotations only with Colorado River water leached
out excessive salt accumulations from the previous use of the saline drainage water.
Soil salinity was thus kept within acceptable limits, so that crop production and
quality were sustained when salt-sensitive crops (cantaloupes and alfalfa) were
grown on the same land. The high crop yields and qualities obtained in this field test
support the validity of the proposed management strategy. The resulting conditions
of soil salinity are discussed in part II.
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TABLE 1. COMPOSITIONS OF COLORADO AND ALAMO RIVER WATERS

Water/statistics EC SAR* B C. Mg N. K Alk S04 CI NO]

dS/m (mmofc/L)Y2 mg/L - - - - - - - - - - - - - - - mmol.Jl: - - - - - - - - - - - - - - -

Colorado River

Number of samples SO 50 46 48 50 SO 49 45 40 48 II
Mean value 1.25 3.2 .31 4.1 2.6 5.7 .11 2.6 6.6 3.1 .05
Standard deviation .13 .5 .12 1.2 .3 1.0 .04 .5 .9 .5 .02

Standard error of mean .02 .07 .02 .2 .04 .1 .01 .07 .1 .1 .01

Alamo River

Number of samples .34 33 32 31 34 .34 33 .34 20 31 16
Mean value 4.0 8.2 .8 10.3 8.9 25.1 .32 4.4 22.2 18.4 .7

Standard deviation .3 1.5 .3 2.1 1.2 4.4 .05 1.3 4.0 2.1 .6

Standard error of mean .06 .3 .06 .4 .2 .7 .01 .2 .9 .4 .2

*Sodium adsorption ratio = Nail (Ca + Mg)/2)lh, where all solute concentrations are in mmollL.

TABLE 2. DISTRIBUTION UNIFORMITIES OF IRRIGATION OF
SELECTED LEVEL-BASIN PLOTS CROPPED TO WHEAT

Flow rate Gross depth Final infiltration Distribution
Basin to basin applied (Zg) rate (if) uniformity (DU)

ji3ls inches in.ihr <Yo

April 28, 1982- 4th irrigation

Ca2 2.2 5.4 0.12 96
cA3 2.2 4.9 .10 97
cA4 2.2 4.9 .17 95

December 28, 1983- 1st irrigation

A2 1.8 5.8 0.S5 84
AS 1.8 5.1 .36 90
C2 1.6 6.1 .29 90
CS 1.6 5.4 .27 91

March 7, 1984-Srd irrigation

A2 1.8 4.8 0.07 97
AS 2.0 5.0 .04 98
C2 1.8 4.4 .06 98
CS 2.0 5.0 .11 96

NOTE: Distribution efficiencies were calculated as DU = 1 - Zg~~~h) where if is final infiltra­

rate, tt is time for irrigation stream to advance to end of basin, Zg is gross depth of water
applied, and h is advance exponent. Individual irrigations were evaluated to assess: (1) tt and
h from the record of the advancing water, (2) Zg by measuring the volume of water applied
and dividing by the basin area, and (3) if by measuring the rate of fall of the water surface
on the basin during the latter stages of the irrigation. (Measurements made by Dr. Al Dedrick).



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

TABLE 3. SELECTED SOIL PROPERTIES·

Depth (inches):

Property 0-12 12-24 24-36 36-48

Clay, % 46.0 (0.9) 51.0 (1.1) 49.9 (2.1) 40.5 (1.9)
Silt, % 36.0 (0.8) 34.0 (1.1) 35.5 (1.4) 43.4 (1.6)
Sand, % 17.8 (0.8) 15.1 (1.0) 14.6(1.1) 15.8 (0.9)

Bulk density, g/crrr' 1.45 (.02) 1.43 (.02) 1.46 (.01) 1.44 (.02)

Water content at "field
capacity," % by weight 28.1 (0.2) 29.8 (0.3) 30.6 (0.2) 30.9 (0.2)

pHe 7.fIJ (.04) 7.40 (.05) 7.30 (.05) 7.20 (.04)
ECe dS/m 2.9 (0.2) 3.8 (0.2) 5.3 (0.3) 6.4 (0.4)

, If:
5.4 (0.1) 5.9 (0.2) 7.0 (0.4) 8.6 (0.5)SARe, (rnmolg/L) 2

Be, mg/L 0.9 (0.1) 0.8 (0.1) 0.7 (0.1) 0.8 (0.1)

*Values within parentheses are standard error of mean where the number of measurements
were 50-60 for texture, water content and chemistry and 18 for bulk density.

TABLE 4. YIELDS OF CROPS IN SUCCESSIVE ROTATION·

Crop/year

Wheat/ Sugarbeets/ Cantalores/ Wheat/ Sugarbeets/ Cantalors/
Treatment" 1982* 1983§ 1983 1984:1: 1985§ 1985

C 3.60 (0.06) 4.3 (0.1) 392 (12) 3.51 (0.09) 4.1 (0.1) 115 (5)

Ca 3.60 (0.08) 4.3 (0.2) 384 (10) 3.46 (0.10) 4.1 (0.1) 142 (8)

cA 3.71 (0.06) 4.1 (0.1) 355 (14) 3.55 (0.09) 3.9 (0.1) 139 (12)

*Values within parentheses are standard error of mean; six replicates.

tc = Only Colorado River water used for irrigation; Alamo River water used in relatively
smaller (Ca) and larger (cA) amounts, after seedling establishment with Colorado River
water for wheat and sugarbeets. Cantaloupes only irrigated with Colorado River water.

:l:Tonsof grain per acre.

§Tons of sugar per acre.

~Poundsof seed per acre.

#Commercial yield in number of cartons per plot; plot size = 750 x 38 feet = 0.6543 acres.

TABLE 5. YIELDS OF CROPS IN BLOCK ROTATION·

Crop/year

13

Treatment" Cotton/1982* Cotton/1983* Wheat/1984§ Alfalfa/1985~

C
cA

A

2.62 (.07)

2.65 (.06)

2.76 (.04)

2.06 (.10)

2.00 (.09)

1.32 (.05)

3.43 (.06)

3.43 (.06)

3.41 (.05)

7.8 (0.4)

7.0 (0.5)

7.4 (0.3)

*Values within parentheses are standard error of mean; six replicates.

tc = Only Colorado River water used for irrigation; A = Alamo River water used solely for
irrigation; cA = Alamo River water used for irrigation after seedling establishment with Colo­
rado River water for cotton. Wheat and alfalfa irrigated only with Colorado River water.

:l:Commercial yield of lint, bales (480 pounds) per acre.

§Tons of grain per acre.

~Tons of dry hay per acre.
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TABLE 8. QUALITIES OF LINT OF COMMERCIALLY HARVESTED COTTON CROP·

Quality measurements*

Treat- Micron- Uniformity
ment" aire Length ratio Strength T1 E1 RD +8

C 4.42(.04) 1.09(.00) 80.2(0.3) 23.7(0.3) 23.9(0.2) 5.0(.06) 79.2(0.3) 7.1(0.1)
Ca 4.35(.08) 1.09(.01) 80.8(0.5) 23.3(0.2) 24.2(0.5) 5.3(0.1) 79.5(0.4) 7.4(0.1)
A 4.37(.03) 1.09(.01) 80.7(0.3) 23.8(0.3) 24.7(0.3) 5.0(0.0) 79.3(0.3) 7.3(0.1)

NOTE: Quality analysis performed by H.V.I. at the Textile Research Center, Texas Tech.
University, Lubbock, Texas; samples had been in storage for two years before analysis.
·Values within parentheses are standard error of mean; six replicates.
tc = only Colorado River water used for irrigation; A = Alamo River water used solely
for irrigation; cA = Alamo River water used for irrigation after seedling establishment with
Colorado River water.

*Micronaire = an expression of fiber fineness used in cotton classification; length, expressed
in hundredths of an inch; uniformity ratio, a measure of uniformity, values within range
80-82 are average; strength, expressed in terms of grains per tex; T 1 = tensile strength of
fiber bundle; E 1 = elongation, a measure of elasticity; RD = an expression of grayness of
color; and +B an expression of yellowness of color.

TABLE 9. QUALITIES OF LINT OF COMMERCIALLY HARVESTED
1983 COTTON CROP·

Quality measurements*

Treatment" 2.5% SL 5O%SL U.I. Tt Et Micronaire

C 1.12 (.01) .50 (.00) 44.7 (0.2) 22.2 (0.5) 8.4 (0.1) 4.6 (.05)
cA 1.11 (.01) .SO (.00) 45.2 (0.3) 22.5 (0.4) 8.2 (0.1) 4.5 (.07)
A 1.12 (.01) .49 (.00) 44.0 (0.4) 22.6 (0.2) 8.5 (0.1) 4.5 (.07)

NOTE: Quality analysis performed by Gus Hyer of the Cotton Research Laboratory, Shafter,
California.
·Values within parentheses are standard error of mean; six replicates.
tc = only Colorado River water used for irrigating; A = Alamo River water used solely for
irrigation; cA = Alamo River water used for irrigations after seedling establishment with
Colorado River water.

*2.5%SL =length in inches spanned by 2.5,},0 of the fibers; 50%SL = length in inches spanned
by SO'}'o of the fibers; U.I. = ratio of the 50% SL to the 2.5,},0 expressed as percentage, a
measure of uniformity; T1 = tensile strength of a fiber bundle expressed as grams per Tex;
E1 = elongation, a measure of elasticity; micronaire = fineness of a sample expressed in
standard micronaire units.
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TABLE 10. AVERAGE BREAD-BAKING QUALITIES OF 1984 WHEAT GRAIN
IN BLOCK ROTATION·

Treatmentt

C
cA
A

Flour Flour Loaf Milling Test
yield protein volume score weight

% % em] «Yo lblbu
69.7 (0.4) 11.1 (0.1) 827 (9) 81.3 (0.6) 63.9 (0.1)

68.8 (0.6) 10.9 (0.1) 761 (11) 79.2 (0.8) 64.1 (0.1)

69.0 (0.3) 10.8 (0.1) 772 (17) 79.6 (0.5) 63.8 (0.1)

·Values within parentheses are standard error of mean; six replicates.
tOnly Colorado River water was used for the irrigation of this crop; Alamo River water was
used to irrigate the two preceding crops solely (A) or after seedling establishment with
Colorado River water (cA).

TABLE 11. AVERAGE QUALITIES OF ALFALFA HAY IN THE BLOCK ROTATION,
SAMPLED 8/7/85·

Quality measurements:l:

Modified Total Estimated
Treat- Crude Digestible crude Crude digestible net
mentt Moisture§ protein protein fiber fiber nutrients energy

---------------%--------------- Kcallib
C 73.8 15.9 16.8 25.6 23.2 59.1 487

(0.7) (0.5) (0.8) (1.5) (1.4) (1.3) (15)

cA 73.4 15.5 16.2 26.5 24.5 58.2 476
(0.4) (0.8) (0.9) (1.5) (1.3) (1.4) (16)

A 73.3 17.7 18.9 21.8 20.0 62.4 524
(0.6) (0.6) (0.4) (0.8) (0.8) (0.6) (6)

NOTE: Analyzed by Agricultural Technical Service, Inc., Brawley, California.
·Values within parentheses are standard error of mean; six replicates.
tOnly Colorado River water was used for the irrigation of this crop; Alamo River water was
used to irrigate the two cotton crops solely (A) or after seedling establishment with Colorado
River water (cA).

:l:protein,fiber, total digestible nutrients, and energy: 100% dry basis.
§As received in lab.




