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ABSTRACT
One year's data supgest secondary tillage management may be critical im
successful operatipn of a low pressure soray nozzle system with high applica-
tion rates. Furrow diking contralled runcéf and increased corn vields an &
Spray nozzle system but had little effect on = high pressure ispact systen.
Stemflow represenied a larce fraction of the total agplied water and eppeared

te differ betwesn spray anmd impact syclems.

Wearly all center pivoab svstzas currently being placed on Horthwest
Kansas fares are classified as law pressure systems. Energy zavings are the
primary reason loWw pressure systeas are being selected instead of high pres-
sure systems. Low pressure systeas are nct without their problems, EBensral-
ly, tha peak application rate is significantly higher than on high pressure
cysiems. In some cases this will resull in sxcess runoff and in less water
tor actual crop use. Irrigators may try to compensate for this by spesfing
up the system. This will not solve the peak applicatiscn problem, although
there may be =zome reduction in total runoff. When the syster is speeded up.
less water will ke applied per revolutien. Since s rertzin amount of evapa-
retive loszes occur before any water enters the soil, this Epesding up will
increase the fraction, that evaporative losses reopresent of the total water
apalied. Irrigators may also try to compensate by running loWw pressure
systems more hours during the season to apply mare water. This is undesir-
able :n a tiame of declining water supplies. Ffeosearch in Mebrzska by one
center pivat manufacturer (Irrigaticon Age. February, 1982) found that,
although total erergy costs were less for the low pressure system, gavinos

did nat make up the differences in yields betwesn high and low oressure



syetems. The reduction in yields was attributable to more runcff on low
pressure sysbtems and thus less water entering the silt loam soil,

Thers are soms possibie sclutions to the runcff problemss sometimes zsso-
ciated with low pressure systems., Hinimum tillage, which leaves more residue
on the soil surface., often reduces runoff. In same areas, furrow diking is
used to frap runcff and to give it more time to infiltrate inte the soil.
DeBoer and Beck (1983) reported secondary tillage at the &-B leaf staoe
reduced surfare runoff and increased sogil water content.

Some irrigators in Northwest Kansas are alressdy experiencing runodf
praoblzms. fs more of these systems are being scld, there will probably be
more. 6 study was initiated to evaluate present tradeaffs betwesn 1pW pres-
sure anc high pressure systess and to determine management techniguss that

Right optimize each systen.

Obi=ctives:
i. To compare corn groduction under these types of systems in terms of
vields, enzroy use, waler use, soil @oisture status, runoff and

econonics.

24 Te campare tillags management of the two systeas.

The prpject wasz initizted in L1983 on the Colby Branch Esperiment Statian
at Colby, Kapsas, on & deep, well drained, loessial Keith silt loam =g0il.
This medium—textured soil, tvoical of mERY WEstern Kansas soils, is described
in more detail by Bidwell et al., (19B4), The 1.5 a (5-ft.} soil profile will
hald approsimately 23 eo (10 ip.) cf availasble water at fisid capacity. This
cerrssponds to & volumeiric soil moisture content of agproxieately 0.30 and a
prafile bulk density of aporowimately 1.3 gm!tmz.

The climate can be described as semi-arid, with an average annual preci-



pitaticn of 44.2 e (18.3 in.).

# three tower 3 ha (12.3 acres) high pressure (410 Kpal) (40 psi) center
pivat system was converted to a system capable of both & high pressurs impact
nprzle system and : lew pressure (140 Kpa) (20 psi) spray nozzle system. The
low pressure systes was sguipped with drops leaving the norzle approdimately
2,1 m {7 #%t) above the ground surface, A5 3 result, the nozzle was within the
carn cancpy after tasseling . The system was purpossly desiogned with appli-
cation rates sipilar to a full size system toc allow for studies zimulating
full size systems. The nominal desion flow rate was 649 L/min (173 gpe!.
However, actual flow rates measured were £20 L/min (143 gpm) and 700 L/pin
{1B4 gpa} for the high and low pressure systems respectively, Fressure to the
Spray nozzles was reduced from the high pressure systee by pressure regulza-
tors. Pressure regulators, as well as the sprinkler packages, were provided
by Senningsr Irrigation Inc. Switching between sprinkler packages was done
manually by opening and closing full pert ball valves,

the treatments consisted of two irrigation treztments and three tillage

sub-treatments, with the main treatment replicated three times in a complete

randemized design.

Irrigation treatments:

I. High pressure impact sprinkiers
2, LaW pressure spray noza2les with drops

Tillage svstems:
- Lpnventional (chisel fall, disk spring!

conventional with corrugation at &-8 lesf stzge
- Lonventional with furrow diking at &-8 leaf stage

Cyom
.

f fourtn tillage trestment, minimum tillage, was excluded from anzlvsis

ac it wac identical to eanventional tillage in 1983.
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Each irrigation main plet was 12 u 27 m (40 Ft. = 90 ft.) randomly
erranged areunt the radius of the circle as shown in Figure [. Appropriate
buiter zanes were provided to allow for the wetted diameter range of the
sprinklers. ©Each main plot was divided into tillage sub-plots, & 2 12 & (20
ft. » 40 ft.), randoaly arranged. Borders were provided between adjacent
plots to prevent runcff from cne plet influencing the other.

Each sub-plot was instrumented with an access tube +ar neutron prabe
measurements of soil moisture. So1! moisturs measurements were made on
dpgroximetaly a weekly basis in Increments of 30 co {(l-foot] to a depth of
1.5 m (J-foct). Each sub-plot was instrumented with a rain gage at ground
level in an alleyway near the plat to determine irrigation amount.

Near the end uf Lhe season, application rates with and withuut the crop
Canoay were mpeasured at a radius of 107 o (338 ft.) from the pivot ooint. The
application amounts wers measursd with 4 digital recording rain gages
(Rainwise gages, resolution 0.%5mm [.0! inl! arranged together. The dats sas
manuaily recorded at peripdic lime intervals, The mean amount of the four
gages was used in all calculations., An attempt to measure stemflow under the
two irrigation svystems was made. S5femflow from individual corn plants was
ezeasursd by callecting water in five co diameter (2 inch) PVC tubes placed
around the stem. The lubes wsre zealed op the bottos and sides with durt
tape. dater was funnzled away by means of 3 flexible tube to storage contai-
ners far later seasurement.

The area was prepared in the sgring (4-25-83) hy disking twice, followsd
by a rod weeder to level and firm up the seed zone, The dares Was ertilized
with 210 kg/ha (188 lbs./a) of nitrogen applied preplant in the form of
smmonium nitrate, The corn [(Picneer 3183) was planted in 76 cm {30 in.] rous

at a rate of 47,400 plantsiha (27,350 plantssal on Gpril 26, 1983,
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The posi-plant secondary tillage for tillage treatments B and © was
gerformed on Juns 27, 1983, when the corn was zpprosimately 0.4 m (2 fest)

tall,
Irrigation was scheduled using a watzr budoet with water use values

calculated from a modified Fenman method,
The corn was hand harvestsd for yield component znalysis an Geptenber

23, 1983,

Water Uce

Irrigation requiremenis for corn were hign in 19B3 due *o high ET and
low precipitstign. The corn was irrigated 13 times during the summer with a
noainal design applicatien amount of 38 @am (1.5 in.). The actual amaunts
applied were eeasured in rain gages at ground level placed in a hare allayway
near each plat. Analyeic of this data showed thiz technigue was unaccestable
for the spray nezzle plots, It is heligved thic ic because the width of the
alleyway was not sufficient to receive the total spray pattern. 8s & result
af the lack of confidence in this data, nominal application values of 40.4
and 43.7 am (1.80 and 1{.80 in.) were used in water use calculations. Thesze
values were nzsed on measured flosrates and rotation speed of the pivot.

Cumulative water uss for successive dates during the seasom are shown in
Table 1. Water use was the sum of precipitation, irrigation,snd =oil mpisture
deplstion. As a result any runoff would inadvertently bBe included in water
tse data. The low pressure system would have received &4 mm (2.4 in.) more
irrigatian during the season due bo differences in zpplication amcunts.
Figures 2 and ¥ grapghically repressnt the water use patterns for the two
systems. It czn be seen tnat tillage had little effect on water use for the

high pressure systes, which sxperienced negligible runoff. However under the
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low prassure system, runoff was significant and the Turrow diking resulted in

2 more favorable soil mpisture condition.

Yields

Analysis ot the yields (Table 2) zhowsd seme important tremds. Taking
irnto account experimental wvariatiaon, there were 1ittle difforences in corn
yields for the iapact system astiributable te tillage. This tsnds to indicate
that, if runcff is not a problem, sescondary tillage isn't necessary to
achieve maximum yields. Th2 low pressure syvstes had & higher average vield,
This may be attributsble to differences in evaporative losses or to the
differences in total applied watsr. Unéfortunately, it can't be determined
froa the available data. There =mere agppreciable diffsrepces in vields due to
tillags far the low pressure system. Secondary tillage was critical in attai-
ning high yields, wilh furrow diking giving the top yield of the test.
Conversely, conventional tiliape gave the lawest yield of the test (Figure
41, An analysic of tne yield companents shoded furrow diking to have the
highest number nf earz/plant, seeds/sar and the highest seed weight of all
treatments. A4 sensitivity analysis showed that the furrow diking treatment’s
increzse ia the number of harvestable ears/giant had the most weight in
echisving its high vield.

Tillags had little =ffect on water use sfficiency (WUE) for the high
pressure system but did nave apprecisble effects on the low praessure system.
The fturrow diking cn the low pressure system having a high vield and relativ-
#ly luw waler use gave the tap WUE {(Table Z and Figure 2). Likskise, the
canventional tillage treatment on the spray system, with the lowest yield and

highest waler use gave a poor WUE compared to the other treatasents.
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Irrigation Application Rates

Inspection of the field in early Segtember revealed sonme strikinog dif-
terences betwsen irrigation treatmests. Near the base of the plants (Corruga-
tion and Furrcw Diking treatments) there was significznt ercsien for the low
PrEsSsure =ystam, The zpparent reasean for the erosion was stemfiow down the
corn plant. It appeareg that there might be large differences in stepflow
betwssn the impact and the spray sprinklers, Although it was late in the
sgason, an atteaspt was made to gquantify these differences. Irrigstion amcunis
as a fupctian of time were measured with and without the corn canopy present
foar the two irrigation systems. Resulis were chbtained at a fixed radius from
tha pivot point but the location and dates varied. Results for the two
irrigation systems are shown in Figures & and 7. There were aspreciable
differences in applicaticn amournts and time periods for the two systems. Ths
low pressure system applied a measured amount of approsimately 45.2 om
comparsd to it,s calculated design valusz of 43.7 an. However the mezsuresd
amount for the high pressurs system was only 30.1 am compzred o its calcu-
lated design value of 40.4 ma. Part of this diserezancy asy be due to the
higher eveporative losses for the high pressurs system but this can't be
determined fram the data. We might look at the cancpy and no canosy data as
being estimates ot throuwghfall (T) and the abovs canopy amount (A}. The ratio
T/d for the impact sprinklers is much oreater thzn for the sgray nozzle
system. I+ w2 average across jrrigaticon dates, the ratio T/8 for the impact
sprinklers is 0,42 compared Le 0,27 for the low pressure systems. Functiona-
1y the above canopy rate, A, is equal to the sum of throughfall (T3,

steaflam (8}, and interception (I):



It seems legitimate to zssume I would be nearly equzl for the two sprinkler
systeams once stemflow apgears. However Keles and 8illey (1983) reported
insirect measureasenis of interception to be slightly higher for impa:t.
sprinklers as compared te sgray nozzles. dssuming I to be nesrly egual, the
above eguation and the preceding discussion would indicate the ratio §/A is
much greater for the low pressure system. This would supgort the conjecture
that the erccien at the hase of the plants for the sprav npozzle systea was
indeed ceused by increzssd stemflou.

Stemflow of individual corn plants was measured ance for each irriga-
tion system. A problem arose on the first systes evaluated (Impact) in that
the catch containers for stemflow wers rot lzrge enough. Three of fourteen
cantainers pverflowed. The container size was increased before the spray
systes was evaluated. In thie cass eight ot =zisteen would have averflowed i+
the smzll containsrs had been used. The overflowed containers for the impact
ssrinklers were added in at there full smount =p that a crude ectimate of the
mezn stemflow could be made. During these two tests, throughfall and the no
capopy rate were also measured. The results are presented in Table 3. There
ig surprisingly poad zgreemsnt between the sum of stzaflow and throughfall
and the total agount, sven though there were prohlems with some of the data.
Interception for thesg two tests would be less than 2.5 mm (0.10 in). Gran-
ted, there are probliems in this analysis but the agreement shown may indicate
measuring throughtzll in the described manner zzn bhe used to sstimate stem—
flow. Earlier it was noted that for all the data setc where the no-canopy
amcunt A and the throughfall T were messured, the T/& ratio for the impact
and spray systeas were 0.a7 and 0.27 respectively. If so, csteaflow would he
considerably higher than shown in Table 3. Recent work by Buinn and Laflen
(1963} and Steiner (et al., 17B3) reported stemflow for corn of 4% and 47% of

abaove camapy amounts respectively. It apopears the stesflowns presznted in this
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study are fzasible. If there are large fiffsrences in stemflow between sys-
tems, psrhaps these differences can he sgplaited in designing more efficient

s¥stems,

CONCLUSIONS

Trends in the dzta would indicate that secondary tillage mav be z
good management tool for high application rates. A decrease in total water
use retlecting decreased runcfi was noted for the furros diking treatment
urnder the spray nozzie.

One year's data would indicate good vields can be attained wWwith a low
gressure spray nozzle system if furrow diking iz performed. Conversely, if no
secondary tillage is perforasd a hioh pressure impact system may give better
yields,

fModes of water travel to the seil, namely throughfall and stemflow,
appeer to represent appreciably different praportions of the total applied
amount. Mare wmork is needed to verify if these differences exist, and ta
quantify their magnitufe, Perhaps system differences in stemflow could be

exploited to enhance water infiltratian.
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Table 1. Cumulative water use in mm fram Juns 23, 1983
tar carn in 2 ceater pivot performance siudy.
KSU Colbiy Branch Esperiment Sftatiaon.

Ta Date high Pressure Iapact Lew Fressure Spray
a B C g B c
Jul 14 15¢ i548 150 1461 157 131
Jul ¢ 204 213 220 231 224 213
Jul 25 294 299 29& 323 Iis 304
dul 2% 344 40 332 372 Jba 344
fug OB 817 401 404 53 434 121
fug il 4155 444 442 ag97 433 444
fug 17 51 509 503 947 557 532
fAug 25 574 JE& y- ] 629 G20 &01
Sep 0& LT2 b&2 a2 i h T29 &34
Sep 24 752 741 743 835 82z 774

A. Conventional Tillage
B. Cerrugation {(&-8 Leaf]
E. Furrow Biking {&-B Lsaf)

Tagle 2., Corn vield companent analysis for a center pivot performance skudy.
KSU Colby Branch Experiment Station 1583,

IRRIGATION TILLAGE EARE SEEDS SEED WT. YIELER WATER USE WUE

SYSTEHM SYSTEH SPLANT fEAR Em/I0C FofHa it Wg/Ha-mm

THRACT A. CONVENTIONAL Q.93 554 27.2 9227 7a2 12,3
B. CORRUGATION 0,55 678 29,7 ?039 7il 12,2

C. DIKING .54 681 30.0 9576 753 12.9

MEARN 0.%5 471 27.0 G281 Td3 12.4

SPRAY f. CONVENTIONAL 0.93 L63 28. 8 a7L9 B3s 6.5
E. CORRUBATIOM Q.74 703 29.4 10487 822 12.8

C. DIKIME i.03 728 0.1 11074 F7d t4.3

MEAHN &.99 a7 29.4 1011¢ gii 12,5

TILLAEE HMEAMS A .74 &79 27.9 B95E 794 11.4
E. 0.%94 Foz2 27.7 R763 42 12.5

C. 1.01% 03 0.1 19325 T3 13. 6

i



Takle 3. Partition of irrigstion azmounts ip mm. within
the canopy for an impact and spray noz2zle svstea.

£5U Colby Bramch Experiment Station 1783,
IRRIBATION NO CANDFY  THROUGHFALL STEHFLOW
SYSTEH ARDUNT  —meemmsmme——

AHT. i ANT. pi
Impact# 5.4 23,1 £5.0 11.7 JZ2.%
Spray (340 37.1 17,3 d4.8 17.5 47.3

% Three of fourteen containers overflowsd for Steaflon,
so mean stemflow amount would be same higher than shown.
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Figure 1. Configuration of irrigstion plots in a sprinkler performance study.
KEY4 Colby Branch Experiment Station.
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