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Effects of Salty Irrigation Water on Soil Properties and Crop Yields
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I. Introduction

Research was conducted during 1984 to eva-

luate the shared use of cooling water from the
Utah Power & Light Company Huntington
Power Plant for irrigation, This was the eighth
consecutive year of irrigation with this saline
waste water, The cooling water is recycled in
the cooling process until the salinity increases
to a point where it is sént to the waste water
pond. The water from the waste water pond
is used to irrigate a wide variety of crops such
as barley, wheat, corn, potato, and four types
of forages, The line source sprinkler system has
been used which allows a variable amount of
irrigation water from zero to excess, to be ap-
plied to all plots. In the normal growth process
plants extract néarly pure water from the soil
leaving the salt contained in the irrigation water
in the soil, Irrigation with the waste water in-
creases the crop yields to much higher levels
than would be possible without irrigation, This
system of controlled irrigation has been found
to be economical but the long time effects on
crop production are not known,

There has been no noticeable yield decrease
of forage crops caused by irrigating with saline
water compared to irrigating with fresh water
from the Huntington river, However, decreases
in yields were found after the third year in
potato, corn, barley, and wheat. In 1984 potato
yields in plots irrigated with saline water were
only 25 per cent of the yields obtained from plots
irrigated with fresh water, Yields of barley and
corn irrigated with saline water were about 60
per cent of the yields obtained from plots irri-
gated with fresh water, Wheat yields decreased
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from 5 to 20 per cent when irrigating with saline
compared to fresh water. The soil salinity has
been slowly building up in sites where leaching
is limited. However, by the end of the eighth
year this build up was not sufficiently high to
explain the observed yield decreases, Also, the
decreased yields of different crops did not fit
the known salinity - yield relationships. Therefor-
e, it is apparent that something other than nor-
mal salinity(low osmotic potentials) have inf -
luenced yields, Measurements during the past
two years of boron levels in soil, irrigation water
and plants indicatethatboron toxicity may ex-
plain this decreased yields. Therefore a major
effort was made to evaluate the possibility of
boron toxicity.

The objective of this study is to identify spe-
cific management procedures which will allow
continuous use of saline waste water from elec-
trical power plants for irrigation. Evaluation
of the effects of irrigation involve monitoring
yields, soil salt status, and ground water flow.
Predictions will be made of future effects from
model computation. The long time trends of
effects of salty water on crop yields and. soil
properties were analysed with eight years data
in this paper, Plantgro model was also introduc-
ed to estimate the amount of consumptive water
and soil moisture contents which is useful for
irrigation scheduling and to predict the dry
matter production of annual crops with the
observed data from Huntington in 1984,

II. Research Procedures

This research was primarily field studies con-
ducted at the Utah Power. & Light Company
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holes were installed in four representative
crops in the salty and fresh water plots.
Evapotranspiration (ET) for the growing
season was estimasted using the water balan-
ce approach,

ET=IRR+R+SWD-DR-RO:------ (1)

where IRR : total seasonal irrigation
R : amount of precipitation

SWD : difference in the soil water

status from planting to

harvest
DR : amount of drainage
RO : runoff

4. Soil salinity samples

Soil samples at 48 sites were taken in the
spring and fall. Each site was sampled to
150cm at 30cm intervals, resulting in a total
of about 240 samples collected. From the
saturated extract of each sample, the EC and
concentration of C1” were determined. Then

* the extract was diluted (1 :5) and EC and

Cl were determined again to check for pre-
cipitation of total salts(EC 1 :5) and chlo-
ride salts(Cl 1:5). The soil samples were
more useful than the solution samplers in that
readings of EC were possible in very dry soils,
A detailed soil chemistry analysis for concen-
trations of Ca, Mg, Na, K,Cl, and SO, in the
saturated extract was made in the spring and
fall for the modeling purposes for some of
the samples,
5. Crop yield study

Wheat and barley were harvested and sam-
ples were weighed in the field for total dry
matter, The samples were then brought to
a greenhouse for drying and after a few days
the grain was removed from the stalk, analyz-
ed for moisture content and weighed, In ad-
dition to the weight of 100 kernels from each
plot the total and irrigation level were also
recorded.

Corn was harvested and weighed for dry
matter content (stalk and ears) in the field.

Then samples from a representative portion
of the plot were dried, the moisture content
was determined, and the field data were cor-
rected to a dry weight base,

Both varieties of potatoes (late and early)
were harvested at the same time(in October).
Only the field weight was recorded.

6. Irrigation and water quality

The amount of irrigation was measured with
a can situated at each irrigation level(IL)
on each side of line source. Water application
varied from zero on irrigation level one (IL-

1) to about 70cm on IL-6. The pan evapor-

ation was about 80cm for the year, so fields
receiving the most irrigation water were pro-
bably over-irrigated. Some leaching probably
occurred on plots IL-5 and IL-6,
7. Application of Plantgro model

Plantgro model by Hanks is a computer
model to predict dry matter (and grain)
production of field crops, Crop production
is predicted from the relationship of T (rather
than ET) to crop yield since E does not con-
tribute to the growth and development of
the plant. Rasmussen and Hanks(1978) in-
dicate that annual changes in the relationship
of ET to yield are mainly due to variations
in E, with the relation of T to yield(or rela-
tive yield) holding steady, The average free
water evaporation rate(Eo) is a fuction of
the evaporative demand of the climatic en-
vironment. It may be obtained from Class-
A pan data, a lysimeter, or an appropriate
formula. In this model, Eo is split into Ep
(potential evaporation) and Tp(potential
transpiration) on the basis of crop stage of
growth (Childs and Hanks, 1975). This ap-
proach involves simplifying assumptions on
the relationship of Tp/ Eo (Kt) and Ep / Eo
(Ks) to the stage of growth of the plant.
Relative potential evaporation, Ks, is com-
puted as (1-Kt) except during the maturity
stage, At this stage, Kt decreases due to leaf
senescence and Ks is influenced by shading
effects. Fig. 3 shows the relationships of Tp
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2. Long time effects of salty water on crop
yields

The wheat yields (Table-1) show that total
dry matter yields with salty irrigation water were
less than with fresh water, However, yield dif-
ference were less than 5 per cent. at the two hig-
hest irrigation levels. Production differences were
more pronounced for grain yields. The salty
Irrigation plots outyielded the fresh plots at the
two highest irrigation levels,

Both grain and dry matter yields for barley
decreased markedly due to irrigation with salty
water, The ratios of salty / fresh yields are about
0.6 for dry matter and about 0.5 for grain,

Corn yields also decreased for salty water
irrigation. The ratio of salty / fresh yields was
about 0.6 for dry matter and about 0.5 for grain.

Potatoes yields were much lower when irrigat-

ed with salty water, The ratio of salty / fresh
yields was less than 0.2 at the three highest ir-
rigation levels, The potatoes seem to grow rea-
sonably well early in the year, but start to die
off before midseason. By the end of the year
there were almost no vines left in plots with
the highest irrigation level of salty water. Resul-
'ts indicate that potatoes are sensitive to boron.

There was no indication that forage yields
were decreased due to irrigating with salty
water. The ratio of salty / fresh yields were
0.94,0.99,1.12,and 0.99 for alfalfa, grassalfalfa,
wheatgrass, and mixed grass, respectively.

The long term trends of dry matter yields
of annual crops are shown in Fig.5 as a ratio of
salty / fresh yield.

3. Effect of boron on crop yields
The physiological effects on the crops(prima-

Table-1. Average crop yields (kg / ha), Huntington in 1984

Crop Type Treat- Irrigation level
ment 1 2 3 4 5 6
wheat i grain salty 209 450 1067 2236 3959 4280
fresh 353 394 1790 3181 3679 3855
ratio 0.59 1.14 0.60 0.70 1.08 ‘1.11
dry- " salty 1162 1640 2756 5029 8080 9032
matter fresh 1321 2677 4271 6424 8497 9179
ratio 0.89 0.61 0.65 0.78 0.95 0.98
Barley grain salty 703 1333 2746 3677 4484 4199
’ fresh 592 1964 4271 7552 8684 8419
ratio 1.19 0.68 0.67 0.49 0.52 0.50
dry- salty 2258 3095 5886 7560 8856 7993
matter fresh 2497 3593 8318 13122 15275 14996
ratio 0.90 0.86 0.71 0.58 0.58 0.53
Corn grain salty 0.0 114 2327 3699 3311 4349
fresh 0.0 187 1907 6836 8783 7800
ratio 0.0 0.61 1.22 0.54 0.38 0.55
dry- salty 756 1759 6479 8873 9856 10575
matter fresh 332 1284 7995 15647 17365 16848
ratio ~2.30 1.37 0.81 0.57 0.57 0.63
Potatoes grain salty 310 764 2313 4957 6341 7565
fresh 604 3633 13005 23866 32705 29232
ratio 0.51 0.21 0.18 0.21 0.19 0.26
Grs Alf dry- salty 38 202 1867 4619 6824 7799
matter fresh 193 397 1878 5230 6199 7794
ratio 0.20 0.51 0.99 0.88 110 1.00
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Table-2. Boron concentration in crops in 1984 at Huntington

Salty Fresh
Crop 1 2 3 4 5 6 1 2 3 4 5 6
B T ¢ o

Wheat grain 18 20 22 19 21 24 5 4 7 5 8 4
dry matter 13 33 22 33 36 20 10 7 7 7 6 7
Barley grain 9 11 13 20 18 15 6 6 8 6 4 7
dry matter 12 58 75 74 54 49 1 7 7 7 6 8
Corn grain - 17 24 42 44 36 - 9 10 9 9 9
dry matter - 71 113 183 139 189 - 16 17 9 10 10
Potatoes dry 29 54 66 53 54 47 13 12 11 14 9 10
field moist 6 9 13 10 9 8 3 2 2 3 2 2
Forages lst - 93 104 - 136 135 - 54 49 - 47 45
2nd - 117 112 113 157 - - 44 30 37 43

3rd - - 261 - 239 173 - - 82 - 62 65

Alfalfa 3rd - 310 149 325 390 275 - - 105 62 69 58
Mizxed Grass - 136 177 225 290 265 - 109 - 25 51 20

Alfalfa and mixed grass contained several times
as much boron than the other crops. This may
be partially due to the type of plant tissue tes-
ted. In 1983, corn stover and barley straw con-
tained substantially more boron than the grain,
to the degree similar to those found in forage
plant tissue. Boron content of each successive
cutting increased ; the third cutting contained
almost twice as much boron as the first,

Potato tubers contained substantially more
boron in 1984 than in 1983, i. e. it increased from
32 ppm to 54 ppm for salty level 5, corresponding
to 31 to 19 per cent decrease in relative yield,

In conclusion, an increase in boron content
of a crop is critical factor that appears to be
related to yield decreases,

4. Analysis of observed data from Huntington

in 1984
1) Irrigation water quality

The amount of irrigation, dates of application,
electrical conductivity, boron and chioride con-
centration of the irrigation water in 1984 were
shown in Table 3, The EC(genral salinity) of
the salty water was higher than in 1983(4.0
compared to 3.7 mmhos/ cm) and boron con-
concentration also increased (9.4 compared to
8.4 ppm).

2) Application of Plantgro model
a. Results of water balance

The average free water evaporation(Eo) was
obtained from Class-A pan data. Eo is divided
into Ep(potential soil evaporation) and Tp(-
potentail transpiration) on the basis of crop
stage of growth, herein 10 days periods,

Crop transpiration coefficients(Kt) and soil
evaporation coefficients(Ks) corresponding to
crop stage of growth for wheat, for instance,
were adapted from Hill et al.(1984) as shown
in Fig. 3.

The value of Kt is essentially zero during its
early stage of 20 days from planting. After full
effective cover, Ks increase from 0.1 to 0.5, rat-
her than to 1.0 because of crop shading.

The results of water balance approach for
wheat and potatoes by Plantgro model was shown
in Table 4 and 5 Water added during growing
season was from 125mm in IL-1 to 815mm in
IL-6 for both wheat and potatoes, Some drai-
nage occurred only in IL-6 for wheat, but con-
siderable drainage occurred on potatoes plots
IL-5 and IL-6.

b. Estimation of soil moisture content

It is very important to estimate the soil

moisture content for irrigation scheduling to
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Table-5. Water balance results for potatoes by Plantgro model

Level IL-1 IL-2 IL-3 IL-4 IL-5 IL-6
Plot S - F S F S F S F S F S F
e e M m m m e e Ll L el
Trans, 7.4 104 8.6 11.5 234 25.2 38.1 454 50.6 53.4 51.4 54.6
Evapo. 19.0 20.5 26.2 26.6 27.3 28.1 284 29.1 28.4 29.8 284 29.8
Total ET 26.4 30.9 34.8 38.1 50.7 53.3 66.5 74.5 79.0 83.2 79.8 84.4
Depletion 13.6 18.1 129 17.3 124 16.8 11.7 15.8 4.0 6.5 -1.6 2.6
Drainage 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 6.1 55 10.8 8.9
Rainfall 12,5 12.5 125 125 125 12.5 125 ‘ 12.5 125 125 125 12,5
Irrigation 0.0 0.0 9.0 7.9 25.5 237 42,0 45.8 62.1 63.9 68.5 69.0
Wateradded 12.5 125 215 20.4 38.0 36.2 545 58.3 74.6 76.4 81.0 81.5
Dry matter -~ - - — — — — - — R T . T S
predicted 126 17.8 14.7 19.6 40.1 43.2 65.2 77.6 86.5 91.3 87.8 934
measured 4.0 2.0 10.0 11.0 31.0 40.0 66.0 73.0 84.0 100. 100. 89.0
city was 28 per cent. Soil water content of wil- A § 0 Field capacity
ting point was assumed to 12 per cent for the % ;
salty plot and 10 per cent for the fresh plot, 5 o : 5 ' €<
respectively_ é 6t Wilting point (,% SE
c. Estimation of crop yields 5 ar N [L l J l J l g
From the judgement of comparing the mea- g 2 4 = NeuTon probs 16ading He
sured crop yields to the predicted ones, it was 8 0 20 40 B0 80 100 120 140

proved that strong linear relationship exist bet-
ween dry matter yields and estimated amount
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Fig. 7. Relation of dry matter yield of barley
in salty and fresh plot as related to
transpiration

Days after planting
Fig.6. Model estimated soil water of the first
30cm layer versus Neutron probe mea-
surements for wheat field

of transpiration for all crops in both salty and
fresh plot as shown in Fig. 7. Strong linear
relation was still available for the grain yields
of barley and potatoes (Table-1), but irregular
curvilinear relation was found for the grain yield
of wheat and corn. So it is possible to predict
the dry matter yield of all crops and grain yield
of barley and potatoes fram the linear equation
(5). The comparison of predicted relative yield
to measured one was shown in Table 4 and 5.

IV. Conclusions

Research was conducted during 1984 to eva-
luate the shared use of cooling water from the
Utah Power & Light Company Huntington
Power plant for irrigation, This was the eighth
consecutive year of irrigation condueted with
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