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Groundwater Contaminaition from Fertilizer Nitrogen
by

- 2/ - 1.3 -

Harold R. Duke— , Darrvl E. Smika= and Dale F. Heerman:—

INTRODUCT ION

With increasing pressure on wster supplies of the west, concern .o-iinues

to grow over protection of both quantity and chemical quality of water -z

Until recent years, neither environmental concern nor economic incent: =

under irrigated agriculture. Numerous studies {Smika, et. al., 19277, Z:i.z

et. al., 1972, Stewart, et. al., 1968) have indicated that nitrogen sfert.lizers

are leached beyond the crop root :one by excessive irrigation. The o:Iv

of excessive levels of nitrite in potable water are widely reccgni
Widespread acceptance of the center pivot irrigation systew has rz:..

‘ in recent development of literally millions of acres of previously un:i-::

lands. The sandy soils to which these systems are so well adapted hiz : .ers

low water holding capacity, twvpically 4 to 5 inches (10 to 12 cm} av.:il:z

through the entire root .:one. This low storage capacity, coupled wis- -::"

hydraulic conductivity allows rapid percolation of excess water. Becz

fertilizers in particular are quite soluble, the potential exists f
large amounts of N03-N toward the water table. ' IR
i

These unique soil characteristics and the practically unattended ‘

- of the center pivot sprinkler system present problems of irrigation -ar:z

quite different from those of conventional irrigation on heavier soils. 2 ke

l»/Contribution from Agricultural Research Service, USDA, Western Reg: |
Collins and Akron, Coloerade in cooperation with the Colorado State K ;
Experiment Station. 3
zyAgricultural Engineer, Fort Collins, Colorado. f
ZySoil Scientist, Akron, Colorado. ;
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initiated intensive field studies in 1972 to evaluate the effocts of irrigation
water management on crop vields and nitrate nitrogen lossés from the.crop root

zone. In 1974, the stuwdies werc expanded to study subsequent .covement of water
and nitrates toward the wiater table. This paper presents a fnrtial analysis of

the results of these studies.

STUDY AREA

The arca selected for these studies lies in the northe;stetn corner of
Colorado, near the community of Crook, in the alluvial valle? of the South Platte
River. The soils north of the river are fine textured and have been irrigated
for practically a century. South of the river, hoﬁgVet.,fhe_soill are fine sands,
and for the most part remained native rangeland until the centef;pivbt sprinkler
came into general use. Many center pivot sprinklers are_opé:a;eé,by,farmefs who

formerly irrigated the heavier soils north of the river.
2 K-

By the mid 1960's, development of this sandy rangeland iitﬁ éenger pivot
irrigation was significant, and continues to increaée. The wafér1supply is from
the shallow alluvial aquifer. The average annual precipitation i;_éﬁproximately
14 in {355 mm) with half &r less occurring during the growing season. ’Practically
all the acreage under center pivots in this area is planted to corn (Zea mays L.).
Unless precipitation is especially favorable, irrigation wili hez:n soon after
rlanting in late April or early May and continue until mid-feptember orylafer.
Because the soils have very low available-water-holding capac:ties, there is
little so0il wuter storage to support the crop for extended r2ricis without irri-
zation. To allow for the possibility of mechanical failure. -most operators run
the irrigation system nearly continuously in an attempt tc rainzain the soil
profile as nearly full of water as possible., As a result. sxo23: water is
frequently lcached beyond the root zone, and may carry seciutle fertilizers toward

+he water table.
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Four farmer-owned and -operated center pivot sprinkler systems were studied
in this area. One system kdesignated "“C"”) was used to apply liquid fertilizer
and could not apply less than 0.8 in (20 mm) water per irrigation. Irrigations
with system "C" were scheduled by the farmer. Systems "A"™, "B" and "D', operated
by a different farmer, were scheduled using the USDA [rrigation Scheduling Program
(Heermann, tlaise and Mickelson, 19763, All fertilizer for the latter three systems
was applied directly to the soil. I[mring early irrigations when the root system
was shallow about 0.6 in (15 mm) of water was applied per irrigation. Systems
JUA", UBY, and "C" have been under ircigation since 1965, while system "D" was first
broken from rangeland and irrigated 11 1974. Thus, these three systems allowed
evaluation of the influence of irrigation on the soil profile over a range of

irrigation history covering thirteen seasons.

EXPERIMENTAL PROCEDURES

Each of the four circles was instrumented to attempt to measure directly all
components of the water budger durimy the growing season. A climatic station was
es;ablished within the irrigated area, located to have .a¢ much fetch as possible
across irrigated croplaﬁCA This station included a pyranometer, anemometer,

ythermograph, and maximum and minimum thermometers. The

recording raingage, hyg
data collected were used as input 1o the USDA Irrigation Scheduling Program as
modified by Heermann (Heermann, e:t..sl., 1976) to calculate potential evaﬁotrans«
piration. Hydraulic lysimeters, similaf to those described by Hanks and Shawcroft
(1965) were installed within circles “B”, "C", and "D" to check the crop coefficient
curves for the local area. .After calibrating the model, the computer program was
used for subsequent calcuiation of the evapotranspiration (ET) component. Fu}ther
checks of the ET calculation were made periodically by scil moisture measurement

using the neutron scattering technique.
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Vacuum extractors (Duke and Haise, 1972) were installed beneath each circle
to measure deep percolation beyond the root zone, This-deyice .consists of a soil
filled metal trough with porous-ceramic tubes in the bottom. “The trough is buried
below the crop root zone, with the open side up. A vacuum is continuously applied
to the ceramic tubes to intercept percolating water<£br’§u§s§gue¢;‘v61umetric and
chemical analysis. Three extractors were installed bane;tg‘éaéh‘of fields "A",
"B, and ""C" and six beneath field "D." .

Water samples for N03—N analysis were collected~perin&ica!iy from each of
the vacuurn extractors, from the irrigation wells, and Ernn,sfdck wells up gradient
from the irrigated area. In addition, five observation wells and two banks of
piezometers were installed within and immediately'aéjﬁcént to thé irrigated area.
The piezometer banks consisted of four piezometers each, perfbra'ed at two foot
(60 cm) intervals beginning about 1 foot (30 cm) below the axerage water table
Samples coilected from the piezometers were used to evaluate vert1031 concentration
gradients in the groundwater. Further evaluations of \Os-h con'entratlon and
movement were made from periodic soil samples collected within the)root zone and
from deep cores to 30 ft 610 m). ' '

Experiments under circles "A", "B", and "C" were désigned to.evaluate the
results of oprimum water management on deep percolation losses. Each field was
managed as iz single treatment, with fields "A" and "B"™ irrigated according to
the computer schedule and field (™ scheduled by the farmer. he irrigation
system on field "D" was fitted with additional sprinkler heads at two locations

as shown in Figure 1. These additicrnal heads were turned on aver a gector of

Te ET"‘
Low N N?% T+10%
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Figure 1. FPlot locations for water and fertilizer management s:tudies, field "D."




approximately 10°. Three water treatments, intended to apply 0, 25 percent, and

50 percent excess irrigation were applied to field "D." lm addition, each water
treatment was divided into two subtreatments, with an excess of 150 lb/ac {168 kg/ha)
N fertilizer applied to one subplot of each treatment: Toral water application
(irrigation and precipitation) was measured at each site, using rectangular
raingages of 251 in2 (1620 cmzj area. These gages, which averaged the catch

over a 48 in (1.22 m) length along the radial, were supported at the top of the

crop canopy throughout the season.

RESULTS

Water Management. ‘Comparisons of farmers' irrigation practices (field "C”
and early studies on "A™ and "B"} with computer scheduled irrigation (fields "A",
"B" and "D'") indicate that water applied by the fa;mer could be reduced by > in
(130 mm) annually or approximately 20 percent by computer scheduling. Durirg the
period 1974-1976 when fields A" and "B'" were irrigated according to the computer
schedule, corn grain yields increased from a pre-scheduling average of about 3000
1b/ac (8960 kg/ha) to a '3 year average of 9800 1b/ac (11,000 kg/ha). Because of
varietal differences, climate, and changes in other farm management practices,
the increased yield cannot be entirely attributed to better irrigation managsarent.

That excessive irrigation adversely affected the overall management program
is apparent from the measured ﬁOS—N in the leachate from field "C." Rotational
speed of that system could not be increased to provide smaller water.applications.
Because all the N fertili;er was appiied through the irrigation system, a full
irrigation was required to supply needed fertilizer, even when the soil profile
was filled with water. This resulted in excessive percolation of both N and water.

Results of the water treatments under field "D" are shown in Table 1. Actual
excess irrigation application was'compli:ated by significant precipitation during
the growing season. 'Total water avoiications were approximé}ely-lo, 5 and ¢ percent

greater than ET estimates. Althcugh no statistically significant differences in
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Table 1. Summary of annual avetage water application during the
growing season and yield under water treatment plots, ]
field "D" (10 June through 5 September, 19?4-1976) L.

Plot
1 z 3
- (ET + 10%)  ° (ET +5%)  (ET + D)
. s g ’
Precipitation, in. (mm) 4.80 (122) 4.87 (124) 4.79 (122)
Irrigation, in. (mm) 20.34 (517) 18.67 (474} 17.53 (445)

Calculated evapétranspiration, ' .
.98 (583) 22.83 (SSQ} 22.65 (575)

ET, in. (mm) o 22
Excess applicationi % 9.4 3.1 - N
Grain yield, lb/ac (kg/ha) 8634 (9677) 9244 (10360) 8694 (9743)

grain yield can be shown, the effects of excess irrigation on.the nitrogen profile

are obvious, as will be discussed in a succeeding section.

Development of the Soil N03—N Profile. Experiments on field D" were begun
when the field was first put under cultivation in 1974. At that time, there was
an insignificant amount of nitrogen in the upper soil profile, approximately b.07
rpm or 1.7 1b/ac (1.9 kg/ha) total in the upper & ft (1.8 =)} of soil. (Nitrate
nitrogen distribution under a similar rangeland sité is shown in Figure-4). )

The low N level plots in field "D" received 210 lb/ac (235 kg/hsj N, primarily
as ammonia, during each year of the study. In addition to that.level of fef{iliia-
tion, the high nitrogen level plots received 50,100, and 0 !b/ac (56, 112, Oiké/ha)
in- 1974, 1975 and 1976 respectively. Figure 2 illustrates the‘NGS—N conceﬁftétion
profile under the low N level where water was applied only as needed by the @rop.

Following the 1975 growing season; a s0il buildup of NO_,-N was evident. At.this

3
time, however, the fertilizer had not moved beneath the root :zone. By the end.
of the third growing season, the total NOS-N within the root zore was somewhat

reduced and the peak concentration had moved below the root zone. Approximately

60 ib/ac (67‘kg/ha) N03‘N remained in the 6 ft (1.8 mj root rone.




Figure 2. Nitrate-nitrogen concentration in saturated extract from field "D,
low nitrogen and low water (ET + 0) levels (plot 3N).

Figure 3 shows very low post~season NOS-N concentrations when approximately

10 percent excess water was applied, even on the plot receiving excessive

NO4;N, ppm
, ] 19

>

Figure 3. Nitrate-nitrogen concentration in saturated extract from field '"D",
high nitrogen and high water (ET + 10%) levels (plot 15).
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fertilizer application. The 100 lb/acre (112 kg/ha) exrra X ipplied in early
1975 did result -in an increased concentration at the bottom of the root zone
by the end of that season. However, excessive irrigation during the subsequent
séa%on reduced the carryover of NOS-N to 10 1b/ac (11 kg /hal, practically as low
as the native rangeland.

Figure 4 shows the increase in N03—N in the entire soil profile as a result

of extended irrigation. As mentioned earlier, the native rangeland has practically

>

NO,-N, ppm
o1 2 3 4 3

Water Tgble (approx)
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Figure 4. Nitrate-nitrogen concentration in deep soil profiles, July 1976.




no NOS-N except in the capillary fringe above the water table. Following. twelve
years of irrigation, the concentrations are relatively high in.the upper 8 ft

(2.5'm). ‘In the lower profile, however, NO,-N concentration is little different

3
than under the native rangeland. Saika, et. al. (1977) reported leaching of soil

NOS-N by winter precipitation and early spring irrigation. This leaching is

apparent from Figure 4 also, as two concentration peaks, at 3.5 and 7 ft (1.0 and

.
2.1.m), are quite evident. The lower of the two peaks represents NOS—N leached

below the root zone following the previous growing season,

Nater samples from.each. of the vacuum extractors

Percolate ,’Losses of NO_,':_E
were collected weekly for NOS-N analyses, These analyses and measured volumetric
flux allowed calcilation of seasonal total IN03-N percolation. Table 2 ér&vides

a summary of the 3 year average water and NO,-N percolate losses for the four
study fields. 'Ob/vivously, total N03-N loss is dire;tlyvkrelat,ed to the voime of

deep percolating water. With a finite source of NO,-N, however, dilution of con-

" centration at high percolation rates is inevitable as for field "C.". It is expected

Table 2, Sumsmary of 3-Year Average Deep Percolation Losses

Field Water N03~N

in. (mm) 1b/ac (kg/ha)
v 0.74 (19) 27 (30)
g 0.46 an - 17 {19)
neH 2.86 (73) 53 (60)
ph (BT + 0) 0.02 (0.5) 0.1 0.1y

that the Nos—N loss from "D (ET + 0) will continue to increase, as nitrate was
first detected in the percoiate near-the end of the 1976 -irrigation season beneath
this newly irrigated field.

The relation bétween annual depth of percolate and mass of NO,-N loss is also

3
illustrated in Figure 5. A considerable amount of scatter ig expected in these

*
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Figure 5. Annual N03-N leaching loss as related to amnual deep percolation,

all fields.

data since both rate of percolation .and concentration of Nojiﬁ vary iith time,
soil variability and water application. Nevertheless, the poiﬁt is made that
proper water management will also affect management of nitrate losses.

Nitrate in Groundwater. Although it has been shown that overirrigation can

result in leaching significant amounts of N03-N beyond reach of the crop roots,
the ultimate disposition of that nitrate is less clearly understood. The fact
that nitrate often appears in return flow from irrigated land is well documented
(Edwards, et. al., 1972; Stewart, et. al., 1968). The relationship between water
management and nitrate in groundwater is not.

Figure 6 shows the ne;n concentration of NOS?H observed in on? bank of piezo-
meters adjacent to field "A." The concentration is nmearly 50 ppm near the water
table, decreasing rapidly with depEH below the water table. The water pumped for

irrigation, which represents an integrated value throughout the aguifer, has a
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surface have been observed by sthsr investigators, and are sometimes attributed
=0 percolating water "floatinz” atop the regional groundwater. However, this
azpears to be an-improbable explanzticn if one considers the chloride concentra-

rion prafile, also show in Figure 4. Even near the water table, the Cl  concentra

tion is less than 3 meq/{, ané is practically constant with depth. Average Cc1”

concentration in the water purpsd cateo field A" was 1.7 meq/4 (Sx=1,01) and that

in the 3South Platte River some £t (600 m) distant is 3.9 meq/{. The average

zoncentration in the percolate -from field A" was 12.6 meg/£, thus indicating

i
%
1
i
£
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that high C1” concentration should be observed near the water atle if percolating
water does indeed '"float" on the regional groundwater.

A more plausible explanation appears to be the denitrification of NO; in the’
anaerobic region in the vicinity of the water table. Such denitrification is
usually attributed to microbial activity within the anaerobic fegionA However,
support of denitrifying bacteria requires a soufce of organic rarbon as a microbial

energy source. The presence of this carbon source is as yet umverified and may

be questioned because of the depth at which this denitrificatis apparently takes
place. The water table at the piezometer bank of Figure 6 is 3 o & ft (1.2 to
1.8 m) below the surface. However, the same shape.of groundwater 50; profile was
observed at water table depths to 20 ft (6.1 m).

Buresh and Moraghan (1976) present another mechanism of nitrazte reduction.
These authors showed that ferrous iron present in the anaerohbi: region of the
aquifer can reduce N03-N directly to NZ'

Further analyses are underway to determine whether either sufficient organic

carbon or ferrous iron are present at these sites to effect sigrificant denitrifica-

tion,

SUMMARY AND CONCLUSIONS

It has been shown that excessive irrigation.df the sandy soils to which center
pivot sprinklers are adaptable can result in leaching of significant amounts of
nitrogen fertilizer as NO;. Careful water management is an effective means of
controlling N03—N losses. The USDA Irrigation Scheduling Prograz has been used
successfully to determine the timing and amount of irrigatior necessary to maintain
high crop yields yet minimize leaching losses.

Although significant NO,-N losses -were measured from fields in the study area,

3

neither the fraction of that NO, present in return flows nor the -mechanism of

K
possible denitrification has been identified. If, imn fact, significant denitrifica-

tion occurs in the vicinity of the water table as current data suggest, the potential

12




for groundwater pollution by leached nitrates is considerably reduced. Even so,
LT -

careful water -management remains an important facter in the irrigation program

as it affects.efficiency of fertilizer utilization, cost of energy for pumping,

and ultimatély the yield of crops produced.

13



LITERATURE GITED , N ‘ ’ ‘ .

1.

pivet’ sprmkler 1rr1gatmn 5)stens for corn productmn in Eastem Colorado

Buresh, R. J. and 7. T Moraghan 1976. -Chemical . re’dixc‘t-i»an of nitrate .~
by Ferrous Iron. J. %1 ;ironmental Quality, 5(3) 320—325. : ' ‘

Duke, H. R. and H. R. Haise. 1,19.73. Vacuum extractors o asséss deep

percolation losses and chemical constituents of §oil water. Spil Science

Soc. of America Proceedings 35;(6):963-45 -

Edwards, D. M., P. E. Flschbach and L. L. Ymmg. '—"19')'2. ‘.&!o'vement ‘of n‘:itra‘tes
undet irrigated agriculture. - Yranms. ASM—‘ 15 78, '
Hanks, R. J. and R. K. Shawcroft. 1965. An economlcal 'vsmeter for -
evapotranspiration studies. A&ron Joumal 57,@14 636

Heermann, D. F., H. R. Hiuse “and R H. Mlckélson. 1'9"6 Scheduling’éenter‘

Trans. ASAE 19: 284- 2&,‘ _93.

Smka D. E., D. F. Heermann H. R Duke and A.,R.) Bart.’xe‘der. 1977..
Nitrate- N percolauon thro.xgh u-ngated sand) soxl as’ a;!-e,ted by water
management. .Accepted tyor‘publ‘leatu)n in Agronomy Jourgml.

Stewart, B. A., F. G. Vieps, Jr. and G. L. Hutchimsen. - 196, Agriculture's

effect on nitrate pqllution'/',qf, groun ﬁater. Jour. Soil ang Water Cons. 23:13-14..






