
LINE SOURCE SPRINKLER PLOT IRRIGATOR FOR
 
CONTINUOUS VARIABLE WATER AND FERTILIZER STUDIES ON SMALL AREAS
 

By
 

R. J. Hanks
 
J. Keller
 

J. W. Bauder
 

Paper developed under part:al support from U. S. Agency for International
 
Development under contract AID/csd-?459, and from Utah Agricultural

Experiment Station. 
 All reported opinions, conclusions or recommendations
 
are those of the authors and not those of the funding agency or 
the United
 
States Government.
 

Department of Agricul 
;ral and Irrigation Engineering
 
Utah State University
 

Logan, Utah
 

October, 1974
 

211(d)-? 



LINE SOURCE SPRINKLER PLOT IRRIGATOR FOR 
CONTINUOUS VARIABLE WATER AND FERTILIZER STUDIES ON SMALL AREAS 

By 

R. J. Hanks, J. Keller, and J. W. Bauder
 

Abstract
 

The design details and a sample set of field test results for a
 

line source sprinkleL plot irrigation system are presented. The system
 

produces a water application pattern which is uniform along the length
 

of the plot and continuously but uniformily variable across the plot.
 

By applying a fertility variable along a plot (at right angles to 

the water variable) plantLed In some test crop, the .ystem offers at 

convenient means.. tor developing ciop produirtion futil.ttion datai. '1he 

system teat area and water siutpply are both tnnall. 11Iowtver the appli

cation of the ityatem may he 11tit-td by wind aiid all wttv.- aplication 

leves mojt be tupplied .&c tie atme irrigation trtquncy. 

KEY WORDS: W'itvr. . uue -tt ud iy , expe'rimental plot Irrigator, wter
fortility interrct ions. 
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Introduction
 

Crop production surfaces as influenced by water and fertility
 

levels are needed for many analyses to relate economic return to soil
 

and water management practices. 
 Fox (1973) and Bauder et al. (1974)
 

have developed and reported 
on a system for producing these surfaces 

using a large number of fertility .d water levels which vary system

atically from one end of a single plot to the other. With the fertility
 

variable increasing In directionone and the water level Increasing in 

the other direction a continuous crop height and production surface is 

produced In the field. The need for a buffer area around each treatment 

is eliminated uince the incremental change between adjacent treatments 

to small.
 

Accurate water control is necessary to produce the 
numerous water
 

lovels required to generate the dealred production surface. Bauder,
 

o. al. (1974) used a trickle (drip) irrigation nyatem to obtain the 

1, 3Profannor ntd RuartArch Atialtant, Departmenit of Soil Science
and Blom.,torology, Utah State UnIvernity, I.ogan, Utah. 

2Profoesor, )epartment of Agricultutral and Irrigation Engineering, 
Utah Statv Univeraity, Logar., Utah. 



high degree of water control needed. The trickle system gave good
 

control of the irrigation water added but was quite expensive and required
 

considerable manpower to operate effectively. Furthermore, periodic and
 

extensive metering and testing of emitters was necessary to determine
 

the exact water application time for the small incremental water avail

ability differences required. An additional problem was the need to
 

filter the water very thoroughly. Because of these problems, alter

nating schemes of irrigating at varying but consistant levels were tried
 

in an effort to obtain even better and more uniform water control. A
 

system developed in 1973 that seems to work well is 
a design which used
 

a single line of sprinklers down the center of the plot. 
The purpose of
 

this paper is to describe the design and layout of this line source
 

sprinkler plot irrigation system and the results obtained with it in
 

1973. 
 It is interesting to note that this design was successfully used
 

in Arizona, California, Colorado, and Utah for a series of water-fertility
 

interaction studies in 1974.
 

System Layout
 

The design criteria for a line sprinkler plot irrigation system is 

to produce a water application pattern which is: 

a. Uniform along the length of the plot. 

b. Continuouily and uniformly variable across the plot. 

c. Approximately 30 m (100 ft,) wide. 

d. Contlitant and predictable throughout the season. 

e. Compact to minfmize the tide of the required end buffer zones. 

Figure I shows a schematic layout of the line sprinkler plot design 

daveloped in 1973 to meet these criterion, The line of sprinklers is 
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Figure 1. Schematit diagran of the line source sprinkler irrigated test plot. 



through the center of the plot and parallel to the row direction. The
 

length of the plot can be increased by adding more sprinklers. However,
 

the width of the plot is governed by the wetted diameters of the sprinklers.
 

To obtain the "line source" effect, sprinklers should be spaced as
 

closely as practical on the water supply line with the spacing not
 

exceeding 25% of the wetted diameter. Furthermore, the individual
 

sprinklers shoulc proo ce a triangular shaped profile when operated in
 

low winds at the design pressure.
 

The 1973 test system had eight sprinklers spaced at 6.1 m (20
 

feet) uhich gave an overall usable plot of 24.4 by 24.4 (80 by 80 feet).
 

Model 30 TNT sprinklers with 3/16 inch range by 3/32 inch spreader
 

nozzles produced by RaLn Bird Sprinkler Manufacturing Company of Glendora,
 

California, USA, were selected for the layout. 
 The sprinklets were
 

operated at approximately 3 bars (45 psi) and produced a wetted radius
 

of approximately 15 in(50 ft.). Satisfactory results could be obtained
 

with the same sprinklers operated at pressures up to 4 bars (60 psi).
 

The plot area was essentially level and the sprinkleia were placed
 

on 6-foot high by I-Inch risers attached to a 3-inch quick coupling 

portable aluninum supply line. The supply line had non-drain gaskets 

and steel fence posts were used to hold the risers in a vertical position. 

The pressure head difference hetween the ends of the line wau approximately 

I percent of the ilet pressure and each sprinkler ditscharged 0.54 Ips 

(8.5 gpm) giving a total nysttem discharge of 4.29 lpn (68 gpm). 

Figure 2 ahown the relative sprinkler application rate across the 

rows. The rown were spaced tit 0.76 m (30 In.) and the sprinkler line 

was laid hotLwOIt rows 23 and 24. To obtain a nearly symetrical pattern 
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as in Figure 2, this system can only be operated whe,. the wind is 0 to
 

3.2 km per hr. (0 to 2.0 ml per hr.), unless the line of sprinklers is
 

parallel to the wind. Winds up to 8.0 km per hr. (5.0 ml per hr.) can
 

be tolerated where the line is parallel to the wind; however, the width
 

of the pattern will be reduced considerably by the higher wind.
 

The water distribution data shown in Figure 2 was collected just
 

after planting and periodic checks throughout the grooing season produced
 

almost identical results. The relative sprinkler application rate was
 

uniform along the length of each row of the plot. This is demonstrated
 

by the closeness of the application rates at a sprinkler and between two
 

sprinklers in any given row.
 

Results
 

The system was set up at the Utah State Univcrsity field station
 

near Farmington, Utah, and silage corn was planted on May 30, 1973.
 

Irrigation was started on June 26 and water was applied approximately
 

weekly until August 31. The sprinklers delivered water throughout the 

season at almost the same relative rate along each row as shown in 

Figure 2. iHetw(,cn June 12 and 2] there was 83 mm of rain. On September 

2 there wati another H1 tin giving i total of 116 mm of rain for tie 

season. Thfi corn tilage wan harvested on September 10, by rows in 40 

fuet sectionts of tHie plot to smulLate the results that inight be expected 

if the four nect iont wer, used for .*plcaten. (There are two sections 

on each side of the Iint. of sprinklers.) The average yield and water 

ule data for each row art- pretin ted in Table 1. 

A neutron probe wait sed to check the soil moisture storage through-

Out the seailon to itdepth of 1.22 m (48 In.). There was little or no 
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Table 1. Dry matter corn silage yields, total water use (irrigation, rain
 
and soil moisture decrease) by row numbering from the south ond.
 

Row No. 

South to
 
North East 


1 6804 

2 4608 

3 4828 

4 4828 

5 4608 


6 5267 

7 4828 

8 5267 

9 5706 


10 4828 


11 6978 

12 7064 

13 9474 

14 9629 

15 9569 


16 12108 

17 9797 

18 11005 

19 10402 

20 11412 


21 11379 

22 10987 

23 12918 


24 11933 

25 11543 


26 10791 

27 11117 

28 11345 

29 10201 

30 11115 


31 10919 

32 12013 

33 12048 

34 10875 

35 11614 


36 11142 

37 10939 

38 10230 

39 9117 

40 9117 


41 8002 

42 7090 

43 7293 

44 11142 


Yield Kg/ha 


West 


6145 

3401 

5706 

4828 

4608 


5706 

3950 

6365 

6364 

6035 


7196 

6933 

8612 

9843 


10355 


11691 

10622 

12125 

10705 

12013 


13160 

11478 

12717 


12912 

11739 


12066 

10625 

13023 

11181 

11213 


10979 

1241" 

11445 

10875 

10705 


11142 

10533 

9217 

8914 

9117 


7597 

7090 

7090 


10128 


Average 


6474 

4005 

5267 

4773 

4608 


5487 

4389 

5816 

6036 

5432 


7087 

7000 

9042 

9735 

9962 


11899 

10209 

11565 

10554 

11712 


12270 

11233 

12814 


12423 

11642 


11428 

10871 

12185 

10736 

11164 


10979 

12213 

11747 

10875 

11160 


11142 

10736 

9724 

9015 

9117 


7800 

7090 

7192 

10635 


Water - mm
 

Irrigation Soil Total *
 

0 -30 146
 
0 -30 146
 
0 -30 146
 
0 -30 146
 
0 -30 146
 

10 -28 154
 
23 -26 165
 
50 -21 187
 
75 -16 207
 
96 -14 226
 

116 -20 252
 
143 -25 284
 
168 -20 304
 
174 -14 304
 
180 -18 314
 

186 -21 323
 
197 -22 335
 
217 -20 353
 
241 -6 363
 
371 +6 371
 

282 +5 393
 
297 +3 410
 
314 0 430
 

314 -2 432
 
314 0 430
 

314 -6 436
 
314 -5 435
 
293 0 409
 
274 -5 395
 
249 -10 375
 

221 -15 352
 
212 -21 349
 
202 -29 347
 
189 -36 341
 
176 -31 373
 

152 -27 295
 
130 -30 276
 
100 -35 251
 
70 -40 226
 
39 -44 199
 

8 -45 169
 
5 -45 166
 
0 -45 161
 
0 -45 161
 

• Includes 116 mm rain, 1.0 mm 0.394 in.
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change in soil water storage near the center of the plot between June 26
 

and September 7. Along the outer rows, which received little or no
 

irrigation, the decrease in stored soil water was as much as 45 mm.
 

Figure 3 shows the smoothed data for the irrigation water applied,
 

total water used, and the yield as a function of the row location
 

parallel to the sprinkler line.
 

A plot of yield as a function of total water use, Figure 4, shows
 

that there are distinct influences due to the position in the plot as
 

well as to water applied. This effect can be traced to fertility variations
 

within the plot. The south part of the plot was in fallow the previous
 

year with no fertilizer applied and the north side of the plot was in
 

sugar beets which were heavily fertilized. The yields were essentially
 

the same, considering statistical variability, from row 16 through row
 

37 even though there were large differences in water use in this central
 

region. However, since the water was applied by sprinklers in relatively
 

light amounts it is doubtful that any drainage occurred during the
 

season. Furthermore, the drier rows undoubtedly used water from below
 

1.22 m (48 in.) which would make the assumed water use too low.
 

Limitations
 

There are several limitations of the line source sprinkler plot 

irrigator which should be considered befcre laying out an experimental 

plot. These include the following: 

1. As mentioned earlier, even low winds significantly alter the 

sprinkler patterns. The symmetry of the patterns can best be 

maintained by either operating the system only during calm 

periods or laying the line of sprinklers parallel to the 
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direction of the wind. 
During the 1973 study irrigation was
 

applied only when the winds were less than 3.2 km per hr.
 

(2.0 mi per hr.). However, the data show (see Figure 3 or 

Table 1) that the light general wind from the south caused an 

average shift of about three rows in the maximum irrigation
 

rate.
 

2. 	All the water must be added at the same frequency. This is an 

inherent feature of the line source concept. However, for somo 

water use studies it may be de:.lrable to manipullat tht. wdter 

availability by 	 utilizing different irrigation frequencies. 

3. 	 The maximum application rate along the line ot sprinklers for 

the 	system design presented is app-oximately 20 n per hr. 

(0.79 in per hr.). While a relatively high 1jpl)l(,itIon rate 

provides flexibility for irrigating only during calm wind 

periods, ponding or runoff may be a problem. However, there 

are several solutions for these problems which Include: 

Operating the sprinklers Intermittently, I.e., ] minutes on, 

then 15 minutes off, etc; opurat Ing oevery ther sprinkler and 

after half the total Irrigation i applited Lwlth to th in 

between sprinklers; automatically sequence tie sprinklers one 

at a time; or provide smail dams or pits at 1.0 in (3. 1 ft. 

intervals) along the length of the furrows to trap the pended 

water and eliminate runoff. 

4. 	Since wind distortion is 
a problem it is advisable to monitor
 

the water application by collecting a row of can catch data
 

across the plot during each irrigation. For studies on tall
 

crops such as 
corn this can be a problem. One solution is to
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*at up a catch container installation with tubing to a road

out statioit titiltsidu of the plot. 

Cone luxaion 

The use of the line source sprinkler plot irrigation system described 

herein appears to offer a reliable and convenient method for applying a 

two dlimen:loua- c'ontlnuoutily uniformly virylng level Or wtter to a plot. 

by applying a fertility virtable at right itntile i to tht. water variable 

it appeara that thitj method houtild be utiefu for devlopiig crop production 

functIOn dat,. Ilse uystem in economical and simple to Inblall and 

operate. Furthermore, both the teat area and water supply can be relatively 

mall. 
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