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Drio irrigation is latively recent innovation in irrigated
agricul ture. e early days of drip irrigation extend from the 1330°s

o

-

3
i |

i1 years when ihe Concept was ap

&s & fieid vractice, however, probably had its real begimnings in

Israel in the early 196C's wnere much success has been reporiad sinc

n

then, In svite ¢f ils recent beginnings, drip irrigation is gaining

acceptance and o arity 4s a vajuable method of irricaticn in many
parts of the worid. Gustafson, ot al. (1274) pointed hat ip 1974

that were not, Orip irrigation was introduced to California 2s @ fiehd
praziice feor commercial crons in 1269 and within five years isnd undzr
drip irrigation amounted tc some 16,200 hectares (40,200 acvres).
Estimetes for future vtilization of drip irrigation are optimistic for
many parts of the worid,

As the name implies, water is dripoes onto the s0il surface with

Ql

drip irrigation. Distribution of water to the crop is normaliy accom-
piished by smwall dismeter irrigation lines made of polyethy?
plastic. These lines are eauippad with emitters o drip water at
nredeterminred iocations and vates 16 suii the ¢rop and soil situation
Fnother form of Jrig jrrigaticn is the porous tube congept in which the
Tine is porous and water drips from the iine itself rather than from

\

emitters. The diameters of these lines range fron 9.5 mm (3/8 inj tu

,

1% wm {3/4 in) (Marsh, et al. 1978). Water pressure in the lings is




aoraiat 1y Tow, although pressuras approcaching these used in sprinkier
irrigation ave used with certain equipment and applications. Emitter
flow rates range firom 1.9 Yiters/hour (0.5 gallons/hour) to 7.6 1/hr
{2 9al/%¢ with 2.8 T/mr {1 gal/hr) the most coimmon flow rate (Marsh,

ically small diameiler of the emitter

'

"O

et al. 1275;. Berceusz of the
discharge openings, a high quality water is necessary to prevent exces-
Tugging of emitrert. Since raw water cua'ity is rarely adequate,

filtration is ¢Tien necessary to improve quality.

omrnonly asscciated witn drip irrigation is that of
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maintaining a high moisture content n the root zone by utilizing slow.
frecuent irrvigation applicatiens {Marsh, et al. 1975). Another asso-
iation commonly made with drip irrigation is that less seil yoiume is
watted sinmce theoreticaily mors control can be exercisea ovar the
Tecation and quantity of water applied than with other irrigaticn

Hiile!l (1974) pointed ocut that field experience
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methods.
shows drip irrigatieon to be most advantagecus when conditicns are
marcingl Tor othar methinds., An exampie cited was a combination of
sardy soils and saiine water where surface irrigation would be inefii-
cient and speinkicer {rrigation could cause damage to foliage.

Since it appears that drip irrigation is becomine zn increasingi:
important part of irrigated agriculture, perhaps its particular advan-
tages and disadventage: sneuld be further discussed, especially as they
relate to South Dakota. Brosz and Wiersma (1974) cited scme of the

most commen agvantiges claimed\by proponents cf drip irrigaticn:

1. Less weter is used. 2. Tields are increased. 3. Crop guality &s

il
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improved. 4. Plant growth is zcceierated. 5. Poorer guelity water can
be used. The first advantage is claimed because «f the idea tnat less
water needs to be used if less soil velume is wetied. Preponents also

claim that less water losses are likely since the water is ncti sprayed

onte the scil surface as in sprinkler irrigation where wind end larger
evaporetive losses can occur nor is it floaded onto the soil surface as
in furrow irrigation where larger evaporative 10sses arz alss Tikely to
occur. In additicn, deep percolation iosses have beszn said to bg iess
with c¢rip irrigation since application depthe are ncrma’ly smailer then
those associated with conventional spirinkler and furvow ivrigation
{Goldberg, et al. 1976). The second, thivrd and fourth advantages ar
claimed because a constantly mcist root zongé regime generally provides
for belter crop response than @ regime which alternate:s hatweer wet and
dry. The last advantage is clzimed because a poorer quaiity saline
water does nct wet the foiiace of saelt-sensitive plants in drip irri-
gaticn as oppoczd te sorinkler irrigatign where the foliage is wetted.
Proponents also feel that falts in the root zone have a less detrimental
effect on crop response since tre salts are kept in a dilute state in
the acist root zore under drig irrigation (Goldberg. et al. 1976).

Other adventages cemmoniy claimed are: 1. Less weed growtih occurs
because Toss surface area is wetted. 2. Fertilizer can be applied
threugh the Tertiiizer lines. 3. Since less surface erea is wetted,
culturel! cocraticns and irrigation car often take placg at the seme

time. These thnrez Tantors lead to the additional claim that fielg

operations are wadoe e2sier when drip irrication is used {Marsh, et 2l.




Some of the disadvantages commonly associated with drip irrigation
are: J. Drip irrigation systems generally are more comslex thar vther

e R

o patient and knowledgeakls oparater. 2. The

-l.
"')

csystens ang Lhus raguiv

011 moisture status must be monitorad carefully and irrigation

bes |
g

wm

irements spould ha kncwn under different conditizns singce aon:ica-

-

—ta

agu

. .
o -

tin amounts are generaliy move controlied and mora freqguent under drip

irrigaticn than undev cther metheds. 3. 1f the filtration {s ipade-

i Us

||)

quate or becomes incperaticnmegl, emitter plugging socn becemes a s:
protlem {DeBruyn, 1972). 4. Salts which may accumulate oh tha soil
surface or at the periphery of the wetted zone may be Tezcned or drawn

into the root zone which may harm crop growih {Marsh, et al, 187%),

Depanding upcn tha particular application, the cost associatad with a

N

aticn system mey or may not be advaniageous weY othev

-y

drig irr

s
<

systems. Rawitz and Hiliel (1974) commented that installation costs do

c'r
—-—te
-t
<2
W

vary ccnsiderably. but drip irrigation systems appear to be compe
with permanent sprinkier sysiems.
7 course, all the claimed advantagss eppear attractive. Soine

1

For ins

[¢1]

Dpear more attractive in some situations than in cthers
althouuh irrization water is @ vatuadle comimodity in Souin Dakota, it
is even more precisus in areas as Califernie and Israel where afficient

utilization of wate is o7 utmost concern., However, Soutnh Daketa's

irrigated acreags is axperiencing considerable arowth and possibilities
for more efficient use of ir

rigation water should not be ovarlooked.

Although activity assccizted with drip irrigation hes been considerable




in the southwestern United States, a 1973 issue of Irrigation Age cited

a Yack of research in drip irrigation in the North Central part of the

Drip irrigation is normally associated with the preduction of
speciality c¢roeps, Specialty creps are presantly not grown exteasively
ir South Dakcta., hut the potential for such production apnears
promising with the close proximity of cities and agricultural preduction

areas in eastern South Dakota. Martin (1386) ociited out nuberous

<
i

instances of successful commercial norticuitural operatione in 3outh

.

searad goed for more

Dakota. Martin observed that possibiiitizs a

v
-z
-~

South Daketans to earn or suppiament their income from oroductioa af

{
horticuitural crops. He alse pointed out that Tocal and disiant
markets offer possikiiities for Sguth Dzkota growers and that processing

piants could become Tocated in South Dakota when it is axhiblitad that

thesae snecaity crons can be more extensively grown in tne stats.

[tA

Many specialty crops, especially vegetables, are shallew rooted and
sensitive Lo periods of moisture stress. This makes irrigation of vege-
tables necessary to their praduction in South Dakota since summer rain-
fall is noevrmaily both iradequate and undependable. A study was initi-
ated in cenjunciion with the South Dakota Agricultural Experiment
t2tion and the Water Resources Institute to evaluate irrigation of
specialty croos in eastern South Dakota. Drip and sprinkler irrigation
were utilized for the irrigation of two spaciaity crops pressently
grown in Soutn Dakota, carrcts and cnicns. The study was inibiated

with tre following objectives:




e

compare carvot and onisn yieids under dris and sprinxler

irrigation.

To

study scil inoistiire distribution for carrots and cnicns
a shaliow sandy Teoam soil.

determine irrigation reguirements Vor carrots and onions
eastern South Dakota.

cigmpare the ecoromics of drip versus sprinkler irrigation

carrats and cnions in castern Souih Darots,

(el




Not 511 of the advantages asspcialed with drip irrigation are

T ol e ——

appiicooie to this study: howaver, certain advantages offer possinili-

tigs for ecactern South Dakcta and deserve further invest?
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of these edvantagss eppear particuleriy zpplicable te th
research reijated ic these advantages will ke discussed. These twn
advantages relate to crop response and water use efficiency under drip
irrtoation and to the root zone snvironment under drip irrigatics.
Also discussed in the Literature Review are carvot end onien producticn

and irrigation requirements for carrots and onions.

Crop Response and Water Use Efficiency

£

One of the eariiest drin irrigation research reports pubiiched was

that of Stweli and Goldbarg (196%). The work was conducted during the

™
1

years 1265 fhreugn 1%68 in the 3via Aveva area o7 Israel 0
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spiminkier ifrrigation of
peppars. The muskmelons were also grown under furrow ivrigation.

n tne expariment ranged from a sand t2 a Toamv sand. For one

n
i

-
¢

So

iy

phase of the study, hoth 202d ard pcor cuality water were used Lo doter-

mine interaction among irvigation methods, water quality and crog yield.

When salinz water {elsctrical conductivity 2000 mmho/cm) was usea, crog |
yields under Zdrip irrigation r2nged from o7 parcent higher for toratoes

to 133 percent higher for peppers when compared to the corresponding

wm
7y
=
=
(&
<
b= |
o

crez yields under sprickler 1rvigation even thouch the same gros

of irrigation water was apnlied to both treatments. A drip yield of




13,9 meiric tons/hectare (12.5 tonssacre) was recordad for cucunbers
while cucumbers under sprinkler irrigation produced no yield. Drip
yields were also 79 percert higher than the furiow yields in the musk-

2lon plois. Vhen good guality water (electrical conductivity 400
pgio/ cm) and the szline water were used to irrigate tomatozss, drip irri-
gated picts produced 28 percent and 66 pevcent greater yields than the
sprinkler irrigated plots for the low and high-salinity waters, respec-
tively. Auain, rthe same gross amounlt of water was applied to the sprin-
kler and «»id treetments. Drip irrigated tomatoes showed very compa-
rable yields for both the Tow and high-salinity waters

Research by shumeli asd Goigbera (1971a) was conducted in the

Arava Valley in Isvael utilizing drip, sprinkler and furrow irrigation
on nuskmalons grown ia & cand to loany saad sgil.  The dntervais batween
irrigations and the gross ameunt of irrigation weter applied per irri-
gaticn were identical for all three treatments. Irrigaticns were
scheduied according 1o eveporation from a U.S. Hzather Bureav Class A
pan. Applicetions were every two to three days and the seasonal total
amounted to 645 mm (25.4 in), inciuding 15 mm {0.60 in) of rainfail.
The irrigation water used was classified as €,Sq according ta the U.S,

Salinity .aboratory. Tt was found that the growth rates for muskmeion

S
b |
m

plants was oreatzst for the drip piots followad by the sprinkier and
furrow irrigeted piots, respectivaly.  This was apparently due to the
greater number of ieaves per plant in the drip irrigated piots. The
drip plots ulsc displayed the fastesi ripening of fruit and a 53 percent

and 45 percent increase in total vieid over the sorinkler and furrow
2]




picts, respectively. This increase was attributed to a greater number
of fruit per nlant and a greater number of fruit reaching marketadle
size.

Shmyeli zad Soidbery (1971b) 21so conducted ressarch on sprink
and drip irrigated pepper plants grown at the site of th: muskmelon
research.,  Two sprinkler and two ¢rip ivrigation treatmeni: were used
in the study. Ome sprinkier ard one drip treatment were irrigated

Al

daily whila the other two treatments were irricated avery Five days.
Cross irrigation amounts were identical for all four traatments on a
daily hasis and were scheduled by the evaporation from a {iass A pan,
The water used was the same as that used for the irrigation of must-

melons. Both drip treatments showed betler growths and eariise fruit

maturity. Alse, roats in the drip irrigated piocts were concertrated

c'l

ncar the drip nozoles. Pepper yieids were areater in the <Zyip irrigeted

piots than in the sprinkler irrigated plots but no differences were
detzcted between drip treatmant yields and betusen sprinkler ireatment
vields,

Emzrgence, 2ariy growth and scil salinity of five vegetabls crops
ander dwin and sprinkler irrigation were also studied by Shmueli and
Geloberg (13712, The site of the research and the irrigation water
vsed were 2G2in the sime a3z the muskmaion rasearch. The Tive veagetabie
crops were cucumber, nuskmelon. ionato, pepper arnd onion. Double-row

beds wera used with 30.5 cm (i2 in} betwean the rows. The sprinkler

system was dosigred to delivar watar at an applicaticn rate of 5 mm/hr

(0.2 in/hr). The drip laterals wers placed between successive pairs of
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i
i

raows 30 that each crep row was 15 cm (G in) away from a latzral. Ald
niots reczived the same gress amount of water, hased on an evapolrans-
piration rate of 9 mm/cay (0.35 in/day). Germination was mere rawid
and uniform for cucumber, tomato and papper when drip irrigation was
used. No differences in germination befween the twec irrigation methods

ware noted for muskmelen and onion. The final stands ¢f piant

w
-
Q
B
n
3,

crops were well established. MNo differences 1n early growth of seed-
1ings were noted. Average values of electrical conductivities in the
0 -2cm {0~ 1.2 inj scil layer were determined from scil-water
extracts and tound to te sianificantiy higher in the drip piots.
snioride curntents in this layer were also highest for the drip plots,
being signivicantly nigher for muskmelon and tomato.

rancotiz (1972) utilized drip, furrow and sprinkier
irrigation in research on the beil parpzr. Two irrigation waters were

used in the study, one a relatively iuw-salinity water (430 mg/i sals)

and the cther & relazively high-salinity water (2000 mg/1 salts). In

cceierated early arowtk for both
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waters compared to the furrow and sprinkler irrigated slanis. Pegpers
which were sprinkler irrigated with the high-saiinity water showad

cigns of salt stress and damags to the foliage. After plant roots

ot
iD
W
I
‘
sl
o |
e
-~
)
-
7]
-
[

8 in) depth, irrigaticns for th

furrew plots were scheduled when tensiometers at the 20 cm (8 in) denth




received water every 6 to 7 days. The furrow and sorinkler irrigated
plants showed signs of moisture stress at ths end i each irrigation
cycle. The 1970 yields for the low-salirity water were greatest for
the drip irrigated plots. The furrow plcts vielded 7 percent less than
the drip plots while the sprinkler plot yields were 11 percent less.
Tre drip yields for the saiine water were 13 pe#rcent izsc Zhen the low-
salinity water yizids. Sprinkler and furrow yields were 28 and 36 per-
cent lass than respective yields for the low-salirnity water. No dif-
ferences were notad in fruit size, quality or maturity for the low-
salinity water except at the first harvest when drip irrigated picts

oreoduced peppers larger in size. Fruit sizes were considerably smaller

'.l'l
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or all gleis ‘irrigated with saline water. Bern
that the Turrow and sprinkler irrigated piants apreared under~irricated
throughout the growing season while the drip ivrigated plants recaived
an excess of water, 2speciaily before roots reachad the 20 o (3 in)
depth, In 1271, a1l treatiments received water as it was needed. Aftar
plant rogts reached the 15 c¢m (6 in) depth, irrigaticns for the sprin-

1ots were scihzduled whan tensiometer readings at tho
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15 cm depth indicated & wmatric potential of 500 cm (127 in) of watar,

The drip irrigated plots again received water daily while sprink

furrouw plots received water about every five davs. No yie

"

grewih differences were noted in 1971 vor thzs low-s3

more water, respactively, than the drip irrigatesa plots,

TR VSN bl . Y3 38 Pt - e e SRR 5 N PO ST
satinity water and ihc same relative water use, yields were reduced by
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10 percent in the drip plots, 25 percent 1n the furrow plots and Z0 per-
cent in the sprinkler plots when cempared to the low-salinity yields.
Lower yields in the sprinkler plots irrigated with the high-salinity
water were attributed to flushing of surface salts into the root zone
rather than foliar absorption of salts. Bernstein and Franccis believe
that under 2ctual field conditions, 4drip irrication of an annuzl crop
1ike pepper could resuit in 3 50 pertent water savings over furrow and
sprinkler irrigation.

A study by Abrol end Dixit (1972) was conducted to compare drig
irrigation and basin irrigation of onions and okra. The scil was a

-aTa
P

fine sandy loam 2nd the irrigation water was a ow sait
with an electrical conductivity of 400 mmho/cm. One drip irrigation |
treatment and three basin irrigation trzatments were uzed in the stucy. t
The daily drip irricaticn treatment applied & percent of {he pravious

day's loss from a Class £ evaboraticn van. The basia irrigation treat-

ments applied 80 percent of the accurulated pan 12ss wher the jesses

~
.
i

totalad 35, 60 and 85 mm (1.4, 2.4 and 3.3 in), respectively. Approxi-

matcly the same amount of irrigation water was applied to all four

o
treztments for the entlire arowing szascn. Yield and average diamster
of drip irrigated onions was cignificantly greater than basin irrigated r
onicns of the €0 and 85 mm treatments. The yieid and average dizmzier
of basin irricated onions decreased with decreasing irrigation fre- !

b

quency. ihe drip irrigated ckra showed significant increases in

nuirber of finagers, weight per fingar, total yield and haight and

branching of plants. Yield again decreased for the basin irrigated
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picts as the fresusncy cof irrigation decrezsed. The decrease in water
use efficiency fcr the basin irrigeted plots was at least partiaiiy

attributed to evaporative josses from the satura2tcd soil surface. Hoot

croasec. Rost length, howsvar, was greatesti for the basin iverigatad
plots with the Towest irrigation frequency and decressed as irrigation
frequency increased,

Research by Hiler and Hewell {1872) with drain sorghum erown in a
fielo lysimeter showed yield and water use efficiencies to he signiti-
cantly greater for drip irrigaticn than surface irrigation. 1In 1471,
drip irrigated blants were larger than the surface irrigated plants,
both in terms cf height and leaf area. This difference was atiributed

ihe mere frequent drip irrigations which seemed to reduce crop water
deficits. Drio irrigation studies in 1972 shoved that the greatesi

water uyse efficiency was cbtained by irrigating with freguent smali

i

ameunts. later use efficiency was 50 percent less when grain sorghum

[

was drip irrigated with 1i0 percant of the measured 30i7 moisture dedie-
ticn than when irrigated with 40 percent of the depleticii. Toiz2l yield

was 27 percent greater in the 110 percent treatment than in the

I

40 percent treatment, however.

Gornal, et al. {19273) reported that sprinkler irrigaticn of tuma-

toes and cucumbers produced leier yields compared to drip irrigation
when s2line water {720 mg chloride/!iter; was used. This diffarznce in

yield was targely actributed tc the nigh =zalt concentration in the

SOUTH DAKOTA STATE UNIVERSITY LIBRARY
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foliage of the sprinkler irrigated plants. Drip irrigation avoided
direct contact between the saiine water and the foliage and provided 2
more faverable salt balance in the leaves. When peppzr plants were
drip and sprinkier irrigated with a water of Tower salinity {25 wg
chloride/)), no yield differences were recordad esen though tihe sprin-
kled plants seemed to mature more rapidly.

Research by Brosz and Wiersma (1974} showed significantiy greater
yields for potatoes and corn under drip anc suhsurface irvidasion than
for yields under conventional and solid-set sprinkiaer irrigation. The
study wes conducted at the site of the field investigation for tnis
thesis in a Fordville Sandy Loam. Irrigation on the solid-set sgrinkler
plots was scheduled £o keep the soil moisture in the €0 to 80 percernt
range of availabiz moisture. UWater was applied to the drip and sub-

-

surfece plcts based on the amount and timing of water appl

-te
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solid-s=zt plots. The irrigation water applicaticen io the drin and siik-

surface piots was approximateiy 0.80 timez the gross amsunt epplied fo

@

the solid-set plots. In the conventional sprinkler vlots, avaiiable

moisture was aliowed to deplete to about 50 percent of its total valus
before deing irrigated back to field capacity. One conclusion of the
study was tpat drip and subsurface irrigation couid increase cern and

L B B
reant
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potato yields 5 to 12 percent using 20 p
ircigation. Another conciusion was that drip and subsurface irrigation
allowed more efficient utilization of water. Maturity and auelity of

potatoes were not affected by the particular irvigation treatment used,

buit black masses of speores were found cn ears of Zorn piants irrvigaies

1ess water than sorinkler



Ly the sclid-set sprinkiers.

Bucks,et al. (1974) studied drip, modified furrow and standard
furrow irrication of cabbage grown in a ciay Toam. A1l piants were
grown on elevated beds with two rows to a bed. The drip treatment con-
sisted of a lateral located in between these rows on each bed. The
modified furrew treatment was irrigated by means of a charnei, also
located in between the rows on each bed. Standard furrow irrigatio
consisted of flooding water in betwesen the beds. Twelve drip irrigation
treatments and five modified-furrow treatments were used. In the drip

frrigeied plots, water was applied at 1.25, 1.0, 0.75 and 0.5 times thg

-t

evapotranspiration amount at 3, ¢ and 12-day interva:s.

o

predicted actu
In the wodified-furvow plots, water was applied at 1.25, 1.0, 0.7% and
0.5 times the predictad actual evapotranspiration amount every 6 4davs.
and 1.0 timzs the predicted actual evarotranspiration amcunt was
applied every 12 days. The standard furrow irrigated rlots receivad
water when the svailable moisture was depleted by 32 percent. The zamc
yield was achieved by all three methods of irrigation. The arip irei-
gated plois and wmodified-furrow irrigated pliots had similar wakter us
efficiencies bLul the sfandard furrow plots used 22 percent more wate
in producing e comparabie yield. When water was appiied at 1.25 tires
the pradicted actual evapctianspiration vate, mt yield differences were
ted between 3. 6 and 12-cdav irrigatier iniervsls for the drip {rri-
gated plots. The three-dey irrigatian intervai glois shewea yield
rezuctiong whan water was applied &t 1 U, 0.75 and 8.5 fimes the con-

sumptive use rate, however. This demonstrates that the cancept of
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frequent water application may not always be the best manavsment plan
for drip irrigation. Ssil and crop considerations may dictate irriga-
tion practices not commonly asscciated with drip irrigation.

Grimes, et al. {1976} repcrted approximately equivalent vields of
tomatoes for plants irrigated at frequent (thrice weekly) intervals by
drip irrigation and plants irrigated at less fregquent {once weekly)
intervals by furrow irrigation. No significant differences were noted
for temato sizes between the two treatments. lhen tomatoes were drip
irrigated less frecuently (once weekly) lower yields resulted. This
treatment was expected o have induced considerable drought stress,
nowever. The duration of each irrigaticn application was the same for
alil treatments ragardliess of irrigation fregquency. Howeaver, itctal
water use data were not reported.

Hall (13874} also studied drip and furrow irrigation of tomatues.
For sandy .goiis in particular, Hall found that drip drrigation rasultsd
in comparabla or significantly greater yields along with a water

savings. In heavier soils, however, Hail believed that water savings

I’D

may not be Guite so pronounced.
Drip irrigation offers promising poteatial for orchard applications
as well as for row crops. Black and Mitchell (1974) showed that the

reot are pear trees previously drrigated Ly sprinkier

e

ystems oF ma
irrigation adapted to drip irrigation without problems. In less than
two seasons the extenszive root systems of the eighteen-year o1d irses
changed to a concentrated root syster in the crip irrigated zcne. WNo

=

signs of water sivess or changes in fruiting were ubserved.
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Similar resulls were cbtzined by Willoughby and Cockroft (1974).
Extensive root systems of mature near trees changed to an intensive
root system whew drip irrigation was initiated. Rocts outside thz
wettad crea csased to function while roots in the saturatad zone died.
The proliferetion of new roots occurred in the soil between these
extremes. Again, ro changes in fruitine were noted. DOrip irrigation
of young peach trees was also investigated. It was found that the
young trees would quickly establish an extensive rgot system in the
soil zone beiween the saturated ares and the dry area.

Research conducted on avocados by Gustafson, et el. (1572) indi-

17

cated that drip irrigated trezes could achieve growth equivalent o that

of sprivkler irrigated trees whiie using oniy half as much water.

Similar results ware reported by Aljibury, et ai. (1974) for orangz and

plum trees. Significant water savings under drip irrigation were noted

-

;3

for both crops, yet the yieids obtained were very comparable for the
two irrigaticn metnods.

With the advent and growing utilizatien of drip irrigation, more

.

research is becoming available to study its pcessibilities. Much of the

work bzing dove reports increased vields and water use efficiencies by

arip irrication over mora conventional metheds. This is trie of both

k. DI
T TS

row crops and arcnavd ¢rops, particularly in arid areas wher

(F

water is usaed for dirrvigation.

The Root Zore Environment Under Drip Irrigation

Under conditions of low moisture strégss., soi

limiting factor in olant growth and yield. Dedruyit (1973) stated
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drip irrigation if based upon the principle of better plant response

und2r conditions of low moisture stress.. This is because drip irrigz-

tion systems are normally designad to keep soil moisture in the vicinity

nf the root zone at or near fiald capacity. DeBruyn also noted that
water distribution is more umiform and controlled becauss the drip lat-
erals are close to the plant rcws and that application vates can be
adjusted for the particular plant and soil.

Hoare, et al. {1974) alsc referred tc some of the characteristics
of drip irrigaticn as related to crep moisture uze. OCre of the
purpozes of drip irrigation is to match the apclication vate with the
evapatianspiration rate while maintaining low moisture stress ia the
root zane. In sandy or porous soils, this often means daily irrigation.
For finer soils, less frequent applications can be adeauate aithough
application ratas must not wXxceed the infiltration razte. The wetted

zone dader drip drpigiEita isindsmaldy “peardsShaned" or "cone shaped®

e,

according to Hoave. The size of this zone depznds upon the discharcs
and iccaticns of the outiets, conductivity of the soil and moisture
use by the irrigated crop. This wetted zotie encourages root deveicop-
ment within its boundaries and thus limits the volume of %0il1 which
requiras 1rvigaticn.

Stemuceli and Goldberg (1971h) reported higher soil moisture contents

with drip than with sorinkler ivrication of peppers on the day after

applied for e3cn treatmsnt but the drip laterais wet only 2 narrow

owever, that
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the decrease in soil moisture content after five days was greater in
the drip irrigated plots than in the sprinkier irrigated plois. Thiz
was atiributed to a higher evapetranspiration rate with drip irvigation.
The authors pointed out that the interval between irrigations is an

important factor in determining the type of moisiure stresses that

plant rocts will be exposed to during tha growing se#sca, Shmueli and

-

Goldicerg {1972) further emphasized this in their work with subjeciing
peppers to diffearent water regimes. Hydraulic conductivity and thuz tre
plant water supply in sandy soils vary considerabiy with changes in
moisture content. Therefore it is important to extend the time that
the soil moisture content does not limit plant water suppiy. This is
particularly true when evapotranspiration rates begin to ircraase. 7o
maintain an adequate plant water supply in a sandy soiil, it would
appear that frequeni, smail applications would give the bast results.
S. 9. Goldbarg (1273) painted out that differencss in ¢0il mois-
ture status between sprinkler and drip irrigaticn are normzaiiy due t2
differing irrigation practices associated with the metheds. A sprin-
kler system is often regarded as moveable, irrigating a given lecaticn
only periedically. A drip system is stationary, which aliows daily
irrigation to restore evapotranspiraetion reeds. Howevieir, both methods
can aliso be utilizad on a daily basis by changing the sprinkler sysiem
to 2 fixed or solid-set system. The cisadvantagz of the moveable

sprinklaer appriach is that less Tirequent sprinkier agplicabions result

-
o

in 3 less favorabie irrigatios regime. The disadvantage o7 ths so0lid-

set sprinkler approach is thet there arae inherent probliems asssoiated




with this appreach. For example, d2ily sprinkling would resuit in
greater water 1osses than drip irrigation or ies: frequent sprinkling.
Wicrsme (1963) pointeda out that more evaporetinn iosses occur from s0i1
or leaf surfaces than from the spray during irrigation. Since a given
amount of water is required te wet the so0il and plant su»faces, these
Tosses would be 2 great®r percentace of smaller applications than of
larger aprplications.

Grimes et al. (1976) reported that frequenti (thrice weekly) drip
irrigation of tomatoes prcvided the most favorable moisture regime when
compared to furrow irrigation #nd an infreauent (oace weeklyl drin
treatment. Infrequert {once weekly) furrow irrigation also produced
a favorabie, althcuah drier, moitture regime. Frequant {thrice waaily)
furrow irrigation resulted in serious surface sealing problaems wnich
produced very high matric potentials below 15 ¢m (6 in). 7he infre-
gquent drip treatment produced the worst moisture regime becauzs nnt
enouch water was added toc aveid serious moisture stresses.

Prip irrigation would appear to be the method best adaptable o
light, freguent water applications when evaluated in terms of water
savings, water disztritution uniformity in the root zone and appiication
control. Since drip irrigaticn is frequently used with saline waters,

the root zone piwironment with respect to <ailinity is an impertant

o)

censigeration.
Shmueli and Goldbarg {1923) drip irrigated grapevinas for 1.5
yesrs with a saline water (2izctrical coaductivity 3000 mmhe/cm).

Thye2 zones of soil salinity conceniratica were fcund when salinity
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measurenents were taken. Roughly tne top 30.5 cm (12 in) had salinity
cencentrations increasing in the direction cf the drip orifice and s¢ii
surface. Low to medium salt concentrations were found in acproximately
the next €1 cm (24 in) of soil depth where piant roots tended te con-
aregate. The lower zone shewed an increase n saiinity with depth.
Saiinity measuremznts %taken in sweat corn pists zt the end of <h:
growing seascn showed similar salinity Tevels in the top 15 ¢m {4 1n)
for drip and sprinkler treatments. Below thsy, salinity «in the drip
plots decreased while salinity in the sprinkler piots incressad.

Furrow irrigated plets shovied the highest salinity ievels up to the

107 cm (42 1in) depth where measurements were terminated. It appeavad
from these results that salts accumulated toward the @dge cf the wetted
zone and on the soil surface when drip irrigation was used.

Similar resuits were noted by Shmueli and Goldberg (1371c) in a
salinity study witn Tive vegetable crops. As previousiv noted, =
trical conductivity and chloride content were higher in drip plects than
in sprinkier plots for-the top 3 cm (1.2 in) of soil. Boil salinify
prefiles vary for different irrigation methods according to the authors.
In sprinkler irrigation, salinity increases with depth due %o downward
ledching of salts. In drip irrigation, salinity increases with dis-
tance from the nozzle since water radiates from the ngzzie with both
horizontel and vevtical comporenis. it was pointed cut that these
general patterns chancge as more irrigaticns occur and as piani growth

continues.

Bernstein ara rFrancotis {1973) also found salts to accumulate con




the seil surface and at the periphery of the wettad zone in dirip irri-
gation. [t was observed that these surface salts could easily leach
into the root zone thiough the action of rainfail. Immediate irrica-
ticn would probably be reauired to leach these salits out of the root
zone, although this effort may not aiways be successful.

In terms of root zone environment, soil moisture is not always the
only factor which has a bearing on crop yield aand quality. Abrol and
Dixit (1972) reported lower soil strengths in a fine sandy lcam for
drip irrigation than for furrow irrigation. This was believad to be an
imoortant facier in obtaining greater onmicn yields and largaers onions in

the drip plots than in the furrow picts. Soil strengths in the furircw

oy

irrigated pints irncreased with decreasing irrigation frequency. It |
logical to assume thzat a rcot or buil crcp has mere potential for
growtin in a 10w strencth medium than a high strength medium.

Certain crops are more seasitive to root zone temperature than
others, e.g. potatoes. Singh,et al. (1974) reportec comparable potato
vieids and gquality four drip irrigation when cumpared to furrew irrica-
tion. Maintaining a relatively coel soil tenperature vange is imcor-

It wus ncted that drip irrigation oftered
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suppiies. Alse, diip irrigation appears to lower soil sirengths |



providing for better root and bulb crop growth and has possibilities
for providing healthy root zone environments for temperature sznsitive

crops.

Carrot and Onion Production

Carrols and cnions are two commonly and extensively grown vegetabie

crops wnich offer potential for commercial production in South Dakota.
According to Fogel and Ayres (1955), market gardening is an important
susiness near the more pcpulated areas of South Dakota. Successful
producticn of vegetables and fruits requires irrigation since South
Dakota rainfall is limited during the summer production months. Irri-
ga2tion of these crops permits earlier maturity and improves aopesrance,
quality and yiela.

Campbei? (1253} stzted that vegetable cropbs are commonly more
expensive to produce than general field crops, in spite of a shorter
growimg season. Initial costs of fertilizer, seed and plants, and
iabecy are largely responsible. In terms of root depth, onisns are

ciassifieq as shallow-rooted and carrots as modersztely deep-rooted.

a—

Campheil estimates thet shallow-rocted crops regquire 3.2 cm (1.5 in) of

watar every week to ier days while moderately desp-rooted crops requirg
3.8 tc 5.0 cm (1.5 5 2.8 In) for the same period.

Jones,et al. (1257) revcerted that onicne grow hest on sligntly
T

0 €.5). Sandy loams are gernerally best for cnion

acid soiy gpd 6.0

below the roct zone is kept to

le

production as the leaching of nutrient

vy

a minimum. In ferms oF irrigation, Jones noted that a s

supply is imporiant to onion productinn because cnions that suffer 3

(A



growth set-back may split into a double bulb when irrigation is resumed
and thus reduce the percentage of fresh market quality bulbs. It may
be difficult to determine if onions are suffering meisture stress,
however, as tha cnion wiil still appear vigorous and healthy. Over-
irrigation can also cause a yield reduction of oniens. Shallow culti-
vations toc prevent excessive weed growth are important in obtaining
maximuim yields.

Laver (1972) aiso stressed the importance of irrigatior in obtain-
ing maximum onicn yields. Frequent irrigation is the best irrigation
practice for cnions eccording to Laver. But overwatering results in
problems with cnion shapes such as thick necks. Laver separated onion
growth into three stages: 1. Top growth, no bulb deveiopwent, 2.
Rapid top and buib arowth and 3. Slower top growth, still quite rapid
bulb growth. For irrigation practices, Laver recommended a few fre-
quent applications afte: planting to assure good germinaticnr and
establishment, iesz freguant applications during top growth and more
Tregquent irvrigacion curing rapid bulb development. Irrigation fre-
quencies ard amounts should steadily diminish late in the growing
season te permit bulb inaturation.

Yen feden and Myburgh [157:) cenducted retearch on furrcw ivriga-
tior of onione. Soil moisture data indicated that 20 percent of tre
water consumed came Jrom the top 30 om of zeil. This weuld indicate
roetinGg depsns ot at feast 30 cm. Narang ard Dastane (i1871) said that
pnion reoting depths were commonly 8 cm (3.2 in) er less with »oots

seldom deeper than 15 om (2 in). Fogel and Ayres indicated that the



onion is & shallow-rooted crop with a vooting depth less thnan 45 om

A USDA Teaflet by Boswell {1966) provided considerasle iaformation
concerning carrot preduction. BRoswell describted the carrot as a <ol

season vegetable which prodeacad best in mild clinates free of tempera-

e

(62
o

ture and precipitation extremes. Mean temperatures of 15.£oC to 21.29C
(6C°F to 70°F) are best. Carrots are not tolerant to drotight and
require relatively large amounts of moisture. Good water distrituzion
is essential to permit rapid, continuous growth. In warmer and drier
areas, irrigation applications usually ameunt tm more than an inch
every week to ten days. Deep sandy loam or muck soils are best fcr
carrot production as these soils ars easy to woirk and permit gooa
development. Powr svil structure or obstructiorns may causes pourly
shaped carrots which is undesirable for fresh marke: carrots. Row
widths Ffor &arrots range from 30.5 cm g 61 cm (12 in t9 24 in) with

46 cm to 52 om {18 in to 20 in) being the must ¢ommon widtn

o

Irrigatién Recuirements for Carrots and Onions

Efforts to obtain crop ceefficient curves for truck crops nave

not been wary successful accgrding to Rebd [156€). A crop coaffigie

=,
(as

is the ratic of ihe actual to pmntential evapotranspiration Tor a cartic-

ular crop during 4 zpecific time pericd. Plots of zrep cosfficiants

rowing season are useful in estimating ivrigatisn

v.

(48]

regquirements from potential evapotranspivation cata. Crop coafficients
greatly in excess ¢f 1.0 have paen ebtained which indicates thatl dsep

percelatipn water may haye been intluded in actusl evapoiranspicatians

X




estimates. Because potential evapctranspivation is the maximum evape-
transpiration that can occur uirder given climatic conditions, crod
coefficients larger than 1.0 are in error.

Work on potential and actual ewapctranspiration for cnions was
dene in India by Narang and Dastane {1971). The work wWas done on inree
moisture regimes: (1) 0 - 0.3 atmosphere tension; (2) 0 - 0.8 atr.
tension and (3) 0 - 0.8 atm. tension. Actual evapetranspiration rates
were computed according to soil moisture depletions which wers deter-
mined gravimetricaily. Potential evapotranspiraticn values were found
by utilizing the empirical tormulae of Penman ard Thorn.uwztte arc LV
mweasuring daily pan-evaporation values frem a U.S. standard oven-pan
evaporiméter. The authors believed that the Thornthwaiie fornula cup-
sistently underestimated potential evapotranspiration for ine entire
growing season. Basically, this was attiributed to the formuia ignéring
some of the important weather parameters. The Peninan formuia sppearad
to give higih values in the colder months cf growth and low walues
during the warming and hotter months. Tie Penman formula was found o
underestimate poiential =vapotranspiraticn most seriously in the
wettest moisture regime because of the nearly uniimited mcisture supply
The best rorrelation betwean actual evapotranspiration and pctential
evapstranspiratien fer ail three moisture regimes was cbtained using

pan-evageiration data. The 0 - 0.5 atm. tension regime wal found to be
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the best regime economically. f irrigations
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regime using 0.7 times ihe pan evaporation was determined tc be the

best managzwent plan.
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Van Eeden and Myburgh (1371) also conducted research in Scuth
Africa on the feasibility of using pan-evaporation data to gfchedule
irrigaticns for onicns. Actual svapofranspiration rates were determined
from s0i! mu’sture deplietion measurements which were taken befere each
irrigaticn and znalyzed gravimetrically. Evaporation was mezsurad from

U.S. Weather Bureau Ciass A pan. Other wiork by the authers indicated
that onions will seldom be subjected toc high moisture stress if water
is appiied when €0 percent of the available moiszture has be=en depleted.
This favorable soil moisture regime could be achieved accordiny to
Van Ez2den and Myburgh by using man-factars of 0.3, 3.4, 0.5 and $.6 for
the first four two-week pariods follaving transpianting. Affer this,

3

7
3 Bali

-da

d

()

@ factor of gei cowid be gsed wpiil irsigaiion . 1t was

recommended thst this data could oe appliisd only to climates similar to
the Transvaai Middieveld iu Coutn Africa whera the research was con-
ducted, Climatic informaticn was not presented. however.
A bulletin puhidished oy Lhe Catifornia Vepartment of “ater

RPesgurces 1istad measured monthly evapotranspiration for several prin-
cipal crops. Evapotranspiration was m2asured using gravimztric sam
pling, iysimeters, and later nesutren probas wiiich replaced gravimetric
samzling.,  The data were taken at Lompoc Stationm which is zight miles
from the Santa Ynez Valley., The values given represent actuzl
avapctranspiration in fields under weil-manzoed coenditions.

the studies ware ipcated inm large fields &0

fu

sture uniform, realisiig
survoundings. The menithly avapotranspivatien values for carrcts for

the months Juliv, Aucust. Secieisher and fctcober were reportaed as 6.10 om




(2.4 in), 9.65 cm (3.8 in), 9.65 cm (3.8 in) and 8.64 cm (3.4 in)
respectively. This amounts to a totel of 34.04 cm (13.4 in) for the
growing season. The bulletin also published reconmanded monthly crop
coefficients for the principal Califernia irrigatec crops. These
values for carrots during the months July, August, September ard
October were 0.35, (.62, 0.76 and 0.79 respectively. The Tow July
value represents the water requirements of a young carrot cror planted

in mid-July.




RESEARCH PRCCEDURE

The field investigation portion of the study was cenducted in 1374
and 1975 at the Sauth Dakota State University Agricultural Engineering
Research Farm lccated about 11 km (7 mi) southwest of Breakings.
Accordirg to the Climatological Summary for Brockings {(Maticns
Service, 1971, the lcecal ciimate is a continental type. Tha average
anrual precipitation is 52.3 cm (20.59 in) of which 80 parcent normally
falls in the menths April through September. The average last frost

date in spring is May 17 and the average first Tvost

2]

[

ate in tall is
Septemter 21 for an average grcwing season of iZ7 days.
The author was not asscciated with the 1974 field investigation.

which was preliminary in nature and grovided useful information for the
1975 field investigation. The 1975 oortion of the study wiill be dis-
cussed Tirst in each Hesearch Procedure subheading followed by the 1974

agiscussion because more extensive data were taken in 197E.

Experimental Pict Layouts and Irrication Systems

Carrets and cnions were arown in a Fordvilie sandy lcam which is
about 46 ¢m (13 1in) deep underlain by sand and gravel. One sprinkler

and three orip irrigation treatments, with four repiications of esach

(YAl
)

treatment, were usud in the study. The iocation of the experimental

<

area at the fFarm is shown in Ficure 1.

Brip irrigated carrgts, drip

irrigated conions, sprigeler irvigated carreots and sprivkier irrigate:

f"J

cnicns were each grown in separete areazs. The drip treatments were

randomly essigned tc the experimental plcts fer beth crops. A plot
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Figure 2. Relative Spacing of the Plots.

consisted of fiva crop rows with 30.5 cm {12 in) spacing betwaen rous.

The row configuration in tha plets is shown in Figure 2. Note that the

D

spacing between the plots alternates between 9.€1 m (2, ft) and 1.22 m

u

(4 ft). Tensiometer manometer hoards were placed at the cznter of the
1.22 m space <5 that a tractor could %raverse each plot without dis-
turbing the bcard.

Figure 3 i5 a schematic illustration of the three drip irrigaticn
treatments which shows the position of the drip irrigatics emitter lires
with respsct to the crop rows. Treatment number 1 was the every row
drip treatrent with an emitter line adjacent to cach cree row. Treat-

ment number 2 w2g the eyery other row drip tra2atment wilh the emitier

lines positicned in tetween rows at every other space. Treoatment number

3 w3s the avery other row drip treatment with the emitier lines posi-
tioned adjacent to 2very other crop row. Plsot lecations are shown in

Figure & fcr'fhe drin irrigated carrols and in Figure © Tor the drip

w

irrigeted onions. Figure illustrates the arranaewent of the drip
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Figure 3. Positicn of Drip Irrigation Emitter Lines
Reiative to Crop Rows for Drip Irrigaticn [reatments,

rrigaticn emitter 1ines and appurtenances for the irrigation of cne
plot, in this case for treatment number 2. The drip emitter lines wera
1.27 cm (0.5 in) inner diameter polyethyiere plastic with Submatic
0.508 mm (0.020 in) emitters inserted every 22.9 cm (2 in). A 100 mesh
filter was useq to filter water delivered to each plot to prevenrt
clogaing of emitiers.

Treatirent number 4 was the sprinkler irrigaticn treatmners, The
arrangement ¢f the plots for treatment numbeyr 4 is shown in Figure 7
and in ¥Figuve 8. Sprinkier heads were located at the cornfrs of bteth
sprinkler treatinent piot areas and midway fetween these heads ¢intg tre
Tength of the plots. The sprirnkier heads used were 23° Rainbird
heads with G.28 cm (7/64 in) split-tvpe nozzies. The heads wera incated

ori 1.25 crr {0.5 in) diameter risers 45 cm {18 inj in length.
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Figure 6. Arrangement of Drip Irrigation Emitter Lines and Appur-

tenances for an tvery Other Row Drip Irrigation Treatment.
The 1574 field investiga®icr was conducted at the same site as in

1975. The experiirental area at the Rezearch Farm for 1974 is shown in
Figure 2. OCne sprinkler and two drip irrigation treatments were used
to irrigate each crop. Five replications of 2ach drip ireigation

treatrent and four repiitcativns of the sprinkler treatment were used.

The crop row spaciag im 1974 was 76.2 cm (30 in) and each plot cen
sisted ¢f four vowz., Drip treatmenis consisted of an every row drip
treatment with the emitter Vine nlacad adjacent to the crop row and an
evary octher row deip treatmert with the emitter line pesitioned between
rows a2t cvery other space. The drip irrigaticn emitter lines and
appurtenances siere identical tc those used in 1975. Sprinkier heads

were located in bLoth sprinkler treatment plot areas at the corners of
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the plot areas and midway tetwean these heads along the iength of the
piots. The heads, nozzles and risers were identical to those usad in

ihe 1275 field investigation.

Water Application

The original intent of the experiment was to irrigzte ali plois
with the same gross amount of water for the 1975 seascn. Cu2 %0 an
error in estimation of the flow to the different treatmentz, treaimeints
1 and 4 received 12 and 6 percent less gross water, respectively, than
treatments 2 and 5. All plots were irrigated at the same freauency and
on the same day. 3Seprincier pliots were generally irrigated ia the
morning or svening when thez wind would have the least effrct upon
application efficiency. During germination and emergencz, irrigations
wevre nearly daily unless rainfall cccurred. These eariy gross apolica-
tion zmounis were atout 2.75 cm (9.3 in). After the plants apoeared

tabiisned and were zctively growing, the irrigation fraguency

5~
ek

well e

w

vas decreased but Lhz groszc zbniication amounts were increased. The
freguency was decreased to about three times weekly, depending on rainm-

fall, and the ¢gross aspplication amounts incrzased to 1.27 em (0.5 in;}
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or ncre i After tensiometers were installed in
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mid-guly, irrigaiioens were scheduled when tensiometer readings indicatzd

the

v
ct
Wi
n
=

~h

a negative pyessurs nzad of ebout €00 cm (236 in) of water
(2 in) depth or about-S500 oni (¥SP.in) at the id-<m (5. im) Septh.

A low pressure centrifugail pump orovided water for the drip piots.
A high pressure turhine pump was used for irrigation of ths spriankiar

plcts. Water samplies fvom ocih wells ware enalyzed and both wate:'s
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were Tound to have an aiectrical conductivity of about 800 mwmhos/cri end
3 seodium adserption ratis of 0.45. Readings at the pressure taps of
the =veyy row drip plots averasad 3.5 tsa (5 psi) and gross apniication

ot

rates averaced 3.81 c¢m/bhr (1.5 in/hr) azcersing tc water mater
wasurements. Readings at the pressure taps ¢f the evary cther row

plots (treatments 2 and 3) averaged 20.7 ¥pa {3 9si) and gress

e

=5

—
3

-

application rates averaged 2.16 cm/hr (0.&5 in/he} according to water
meter measurements. Figure 11 saows tha wetting patiern in an onien
plot for treatment 2 after a gross aprplicatien of 1.27 cm (0.5 in).
Pressure at the sprinkier nozzles was 379 kp3 (55 psi) givin
appVicat¥on rate of 1.32 em/hr (0.5 in/hr) to the sprinkler plats.
Sprinkler discharge rates were taken from the 1375 Rainbird Irrigatinn
Equipment Cataloog.

In 31974, 211 plots received the same net amount cf water according

to estimates made for water epplicaiion efficiency. An 80 percent

aoplication =fficiency was used in 1974 for the sprinkler treatment
while the figure used Tor the drip treatments was 100 perzent. irriga-

tion began in mid-Junme and similar application zcheduling wss us=a in

[

974 &s in 1275. lietv application amounts were 1.27 cm (0.5 in) at each

f——

appliczbiam 'For 2l treeiments of "both crops.  Adp¥icetion rates

.65 c/hr (6.2€ in/hr) for the every row drip treatieat and
0.42 ew/br (2.17 in/hr) for the every othe~ row drip treatment according
to water meter measurements. Sprinkler application rates averaged

0.75 em/hr (8.3 in/ne] according to discharce rates taken from the 1974

Reinbird Irrigation Fquipment Catalog. ainfall and irrigation data i




for 15374 and i975 are given in Appendix A.
Soil lpisture Status

Tensicmeters wWere used ito scheduie ir
readings at the 3 an {2 in) and 32 cm {5

2d

wevre 150 us 10 measure n

sion, and total nydrauiic ne3d. Figure 1l
tensiometers in the 3011 Tor taz four tre

egative pressurs

an
gations according o
inj depths. The tensiometers
hzad, or soil moisture taen-

0 shows tha

at

=

.*"ltS

7 indicate the plots where temsicaeiers, or tensiometer banks, wer
located. The 46 om (i8 in) tensiometer depth was at or near the bottom
ot the sandy lcam tepseil. In fr@atments i and 4, tensiometers were
placed benesath the center c¢roe row in the esperimantal area and alsc
one-ha’f row spase away. In treatments 2 and 3, tensiometers were
placed baneath the middle drip irrication emitter line, one-half row
space away and onre row space 2away. Figura 12 shows a tensicmeter hanx
in a sprinkier ivrigatad cnion sict. The tensiometer banks were nlaces
at random in three of the four replications for each treatment. A
tensiometer mancmetzr board provided readings for each tensiometer bank.
Mercury hsving a specific graviiy uf 13.56 was used as the indicating
fluid in the manometers. Tensiomezar readings were taken from July 2

to September 5. If an irrigation was scheduied, the rzadings were
taken immediately pricr to the appiication of water.

5011 moisture irelease cuvrves, Figure

wera determined in the Jaboratory for the

the tensicimeter desths. Utilizing the

to

(soil moisture tensiun) valucs obtained

13, for the sapdy 1czm soil

four soil denths corresnonding

sa curves and the pressure head

from the tensiometers,
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corresponding field volunetric moisture contenis were determired.
Thus, 50i1 moisture status was monitored through the use ¢f tensigme-
ters. The replication averages of negative pressure head and velumetric
moisture content from the 1975 tensiometer data are presented in
Popendix B. The tetal hydraulic h#ad values obtained from the ten-
siometer readings were used to calculate hydraulic gradients petiween
the tensiometer depths.

Undisturbed scil core samples were taken from thz gints at the
38 cm {15 in} depth for the determination of unsaturated hydraulic ccn-
ductivity in the laborztory. The iaboratory procedure fslilcwed was
similar Lo that described in the American Society of Agronomy's Methods

13 Anaivsis edited by Elack, et al. (1965). The unsaturated

bydarautic conductivity and hyvdraulic gradient values at this deptii were
vtitized with Darcy’s Lew to estimate the amount of s50i! water movivg

out nf the reot zcne as deep percoiaticn or into the voot zcne Fror

)
i
ade

below, If these astimates proved o b2 too large a proportion of the

estimarted zonsumpltive use for the parcticular time period in question.
thes? datz wevae n2. used for the Jdetermireticn of irrigation require-
peEnts.  fas unsafarased hydraulic cenductivities determined in the jabe-
ratory are presentaed in Table 1 for varicus ranges of soil moisture ten-
sion. The vaiugs arz averages of data taken from eleven core samples.

Takle ). Unsatuvated hydreulic Conductivities at the 38 em (15 in)
3 3 g 2

Deptn for Varicus Rang2s of Soil Moistuire Tension
R T L T i i e T R R T TR = —r=in%
Soi h013Lu:e *ens~: 1 £0-0U 50-100 100700 20C-300 200-50%
- Tl =TT T T — -
> 7 ' - -
Ku* ( 5»_:_-1«_»“;_ PR o A T C.24 0.23 0.08 0.08

* aseturaled Hydraulic Counductivity
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Tensiometers were also used in 1974 for drrigation scheduiina.

-

Tensicometers were iocated at threes scil depths arnd tensicmeter banks
were piaced in two replicaticns of each trzatment. Eecause of diffi-
culties encountsred in operation of the fansiometers, soil samples were
taken at various depths and analyzed gravimeirically to monitor soil

moistura status ip 1G7%8. Soil samplies were taken pericdicaliy in 15

e}
=

(6 in) increments from the too 46 cm (18 in) of the soil profila.

-4

After the zampies wers analyzad gravimetrically, tulk densities were
used tc converi moisture content cn a weight basis tec wcisture content
on a volume basis. The bulk densities determined from undisturbed soil
core samplss were 1,43, 1.50 and 1.55 ror the top, middie and boitem
15 cm {6 in) soil nvrofile increments respectively. Soil samples Tor

meisture analysis ware taken adjacent to the crop row in all treatments

(197

for both ps. Velumetric moisture content wvaiues from the 1974 field

\’)

S

investigation are presented in Appendix G,

Important Dates

Both crops were planted with a five-row Stan-Hay S87C pianter c¢n

-

Mey 11, 19275, using pelleted sead. The plots were chisel-piowad

Gt

0 &

depth of 22 cm (8 in) and disked. The plots were then raked anc draugad

to provide a smooin, uniform seed bed. Seed spacing in the row was

2.81 ow' (1.5 in) Tof corleets andll.72 e (£.30 iny) For onione;  The

Scarler Mantes and the onion variety was Fedro Sueet

O
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Spanish. Gerinatien of both crops was abcut 85 pergent. No inten-

tional thinning of @ither crop was done at any time during the growing

5

season. Fertilizer was eppiied to the piots prigr to the planting &t a
[ : <



rate of 10 kg/ha (9 ib/dcre) ritregen, 77 kg/ha (89 1b/acre) phosphe-

(%)
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rus and 135 kg/ha (12C 1b/acre) potassium. Mitrogen wa
through the irrigation systems on July 12 and August 7 for a total
nitregen sppiicaticn tc the pists of 145 %g/ha (129 1b/acre).

A1l plots were mechanically cultivated on June 3. A post-emergence
herbicide., TOX, was sprayed on 531 plots ¢n June 13 and Jure 27.
Dakthol, & pre-emergence herbicide was sprayed on aii plots oni June 25.
Spraying did not alleviate the wead preblem sufficientiy and the plots
vere hand-weeded on July 7 and again on July 22.

Carrot plets were harvested for yield measurements and guality
observation on Zeptember 29 and 30, 1975. Onion rows selected for har-
vest werc pulled on September 16 arnd 17 and left in the field fer 3 days
to dry. Tha tops were then czut 2nd the bulbs were spread on dryving heds
and dried for three weeks befors being weiched for yield and examined
for quality. Two vows frowm each 2lot of the carrcis and oitions were
sejected fer harvest and the yield resuits were based on the date fram
these rows. For treatiment nuwber 3 for both crops, the twe rows
selacted wer2 %the canter row and an adiacent row. Thes2 rows were
hed and exzmined for cuality separately to determine yieid and
quaiity differerces that may exist between the crop »ow adjacent to a
drip emitter line and the crap row 2.5 (12 in) awsy from the lire.

Howiever, two of the carvotl repiicalions for this treatment were not

1@ probiams that cccurred during

~—

weighed in tnic manner hecauses oFf mixi
carret harvest. The additioral space betwezn plots which was alliowed

to permit the instailzation of tensiometer manometer boards in 1275 was
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ignored in calculaeting yields on & per unit basis.

In 1974, potn crops were plarited on Aprit 24 -with a planier iden-
tical to that uzed in 1675. Similar cultural operaticns were conducted
in 1974 as in 1875 for seed bed preparation. The carrol wariety vas a
Chantenay long and the onions were a mixture of White Giobe and Yeliow
Sweat Spanish. Tertilizer was applied at a rate of 1200 xo/ha
(107 1b/acre) nitrogen,y 134 ka/ha (120 1b/acre) phosphorcus and
120 kg/ha (107 1b/acre) potaszium prior to planting.

TOK was applimd once early ir the growing season. Weeds contirued
to b2 a problem and hard-weeding proceeded throughout the remainder of
the growing season.

Beirn ciops were harvested between September 6 and September 11,
1974. The carrois were weicghed for yield measurements during harvest
but the anicns were spread on drying beds for three weeks before peing
weichad., Two vows from each plot for each crop wer2a chosen for yieid

seirpting end yield o2t were based on measurements from these rows.




PRESENTATION AND ANALYSIS OF DATA

Field data were celiected in 13974 and 1675 from exparimenta
of carrots and onions grown under drip and sprinkler irvrigaeticon. Ths

field d

fol}

ta consisted primavily o7 yield measurements z2nd tensicmeter
rezdings. The 1273 field investigation was regarded as zcaewnat pre-
Timirary in nature and provided usatul infermation for the 197% gortion
of the experiment. The author was not associated with the axperimaint

n 1974, however the author did conduct the analysis of ithe 1374 data.

The first vorticn ¢f the data to be presented is the yield data.

Appondix D, In 1574, all treatments for both Crops received the same
net anmount o7 water. 1In 1975, the treatments for both crops received
neither the same gress amount nor the same net amount of irrigation
water. For this rzason. the 1975 yields are also expressad in torms of
water use efficiency. Water use sfficiency is defined as the quartity
crop yieid rer it quantity of water delivared to the crop.

The sigriTicant F-numbers ontainad in the analyses of variance for

les 6 and 7, indicated that at Yeast one yieid

oy

mean was significantly <ifferent from the other yield means for both
crops. Mzan congerisuns were Lhen wade wusing the methed of gontrasts

(Ostie, 1963) &s werz all mean comparisens precented in thic thesis.
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Table 2. Carrot Yields for 1974.

Treaiment Average Yield
metric ton/nactare pu*/acre
Every Row Drip 9b. 2 10G3
Every Other Row Drip 45.4 810

Line Betwasn Rows

Sprinkler 8.7 . 922

* A bushel of carrots is considered to weigh 50 1b.

Table 3. Onion Yields for 1974.

Treatment Average Yield !
metric ton/hectare a2gs*/acre
tvery Row Drip 261 447
tvery Otn=r Row Drip 18.2 325
{.ine 8etween Rovis
Spvinkler 2343 415
* A bag of onicons is considered to weigh 50 1b.
Table 4. Carrot Yield Data for 1975%.
Treatment, Average Yieid GELRE Uee FETIIensy- —
meiric ton/nectare bu'/acre kg/m> water 1b/ftd water
1 109.0 1945 3.6 2.22
2 29.3 i781 28] 1s.59
3 106.9 1807 30.8 0.ap
4 84.9 1515 26.4 1.66

* 5% of the gross carrot yizld weights were subtracted to account
for dirt and amy excess fcliage.

* A bushel of carvots is considered o weich 50 1b.

...




Table 5. Onion Yield Data for 1975.

Treatrent Average Yield Water Use Efficiency
= o metﬁjc ton/hectare bags*/acr@  kg/md water 1b/ftd water
1 69.3 1236 22.6 1.41
g 59.3 1853 - 17.1 1.07
3 60.6 1081 17.4 108
4 54.7 977 16.2 1.06

* A tzag of onions is consideraed to weigh 50 ib.

Table 6. Analysis of Variance of 1974 Carrot Yields.

- -

Source 2 SS dt 1S F
Treatments _ 266.30 2_ 138. 15 IT. 89*
(between groups)

Error 112.80 10 i4. 28
Total 379.10 bl
* Significant at the 5% jevel. F g5 = 4.10.

Table 7. Anaiysis of Variance of 1974 Onion Yields.

Source S5 af S F

Treatments 124.50 2 62.25 14.18*
(between groups)

Ervror 48.30 i1 4.3
(within grouns)

Total 172.80 3

* Significani at the 5% level. F o5 = 3.98.




The carvot ccmparisons are presented in Tabie 8 and the ¢nion compari-
sons in Table 9. The first compariscn indicates that the sprinkler and
average drip yieids did not differ significantly for either crop. The
second comparison indicates that the every ruow drip yields were greater
than tne every other row drip vieids for both crops.

The anaiyses of varianca far carrot and onicr yields in 167%,
Tables 10 and 11, gave significant F-numbers which indicated that at
least one yield mean was significantly different from the other yield

Table 8. Mon-Orthogonal Treatment Comparisons
of 1974 Carrot Yields.

Treatment Comparison™. =58 3 - i F
P —

1% 72 us: 3 6. 99 8. 99 0.53

s 2 260.16 260.16 23 01*

——— . rr = eem

* 1, 2 and 3 represent the every row drip treatment,
the every other row drip treatment and the sprinkler
treatment raspectively for 1974.

* Significant at the 5% lewel. F g8 = 4.96.

Table 9. Orthogonal Treatment Comparisons
of 1974 Onion Yields.

Treatment Comoarisant SS MS F
TH 2 wl S 7.54 7.54 1.4
¥ s, € 116.66 1i6.66 26.42%

*+ 1, 2 and 3 represent the every row drip treatment,
the evary other row dric treatment and the sorinkler
treatment respectively for 1974.

* Signid Ficant ‘apethe ¥ Themed ' F g5 = &84,
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Tabie 10. Analysis of Variance of 1975 Carrot Yieids.

Source SS df MS F

Treatments 1426.29 1 475.43 VP ol
(between groups)

Error 336.07 12 284201
(within greoups)

Totals 279.33 15

* Significant at the 5% level. F g5 = 3.49.

Table 11. Analysis of Variance of 1975 Onion Yields.

Source SS df S 3

—— e

Treatments 443.26 3 147.75 Bi27*
(between groups)

Error 336.07 12 28.01
(within groups)

Totals 779.33 15

* Sigmificant at.the §% level. F gg = 3.49.

means for both crops. Tables 12 and 13 present the mean comparisons
that were then investigated. The first comparison for both crops indi-
cated that the average of the yields for the drip irrigated treatments
was sianificantly greater than the yields for the sprinkler irrigated
treatment. The second comparison for carrots sugges+ted that the vield
for tha every row drip treatment did not differ significantly from the
average ¢f the yields for the two every other row drip treatments.
Hoviever, the same comparison for onions indicated that the every i1ow

drip yi2id was significantly greater than the average yield for the




Table 12. Orthogonal Treatment Ccmparisons
of 1975 Carrot Yields.

Treatment Comparison SS S

i il O _ 1239.10 1239.10 29.20%
lvs. 2+ 3 86.94 86.24 wge
2+¥sw 3 100.25 100.25 1.63

* Significant at the 5% level. F g5 = 4.75.

Table 13. Orthogonal Treatment Comparisons
of 1975 Onion Yields.

Treatment Comparison 53 S 3
R . o TV 206. 22 206.22 7.3é:
13 233.19 233.19 8.33*
2 ws. 3 3.85 3.85 0:13

* Significant at the 5% level. F _gg = 4.75.

every other row treatments. The yields for the two every other row
drip treatments did not differ significantly for either crop according
to the third comparison.

The analyses of wvariance for 1975 water use efficiencies again
produced significant F-numbers for both crops as indicated in Tables 14
and 15. The treatment comparisons made were the same as those fer the
1975 carrot @nd onion yields and are presented in Tables 1€ and 17 with
slightly different results than in the yield mean comparisons. The
average of the drip water use efficiencias was signiticantly grozeer

than the sprinkler water use efficiency for both creps. The secand

..




comparison indicated that the every
were significantiy greater than the
water use efficiencies for beth crops.

that no significarnt difference existed between water use effigiencics

Table 14. Analysis of Variance of 197%
Carrot Water Use Efficiencies.
Source SS df MS F
Treatments 180.20 3 60.07 11.08*
(between grcups)
Error 63.06 12 5.42
(within ercups)
Totals 245.26 15

* Significant at 5% level. F g™ 3.49.

Table 15. Analysis of Variance of 1975
Onion Water llse Efficiencies.
Source 35 of MS F

Treatments 90.22 3 30.07 1dwb56*
(between groups)
Error 31.23 12 2.60
{within gvroups)
Totals 121.45 15

* Significent at the 5% level.

F05 = 3.49.

for the tws svery other row drip treatments for either crop.

located adjacent to every other crop row.

treatment were analyzed to determine if yield differences existed

B

For treatmenst 3 in 1975, the drip irrigation emitter line wa

row drip water use efficiencies
average of the every other rcw drip

The third comparison indicatead

(%]

The row yields in this
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Table 16. Orthogonal Treatment Comparisons of
1975 Carrot Water Use Efficiencies.

Treatment Comparison SS NS F

1 H248 vs. 4 83.21 83.21 15.35%
lvs. 2+ 3 88.17 88.17 16.27*
2 e i3 8.82 8.82 1. 68

* Significant at the 5% level. F g5 = 4.75.

Table 17. Orthogonal Treatment Comparisons of
1975 Onion Water Use Efficiencies.

Treatment Comparison SS el JU°  F 1
T+2+ 3vs. 4 14.06 14.06 5.44%
1 veu i3 %13 78.93 75.93 29.41*
2 vs. 3 @.23 0.23 @. 07

* Significant at the 5% level. F.05 = 4.75.

between rows with emitter lines and those without emitter lires. The
analyses of variance of these yields for both crops are shown in
Tables 18 and 19 and significant F-numbers were recorded in both case:.
The significant F-numbers thus indicated that the yieid means fcr the
crop rows with the emitter 1ine were significantly greater than yield
means for the crep row without the emitter line for both crops.

The 1975 carrot and onion yields were also inspected fer grade and
quality in addition to being weighed for yield measurement. The grading
used for both crops was that used by the United States Departiwent of

Agriculture for fresh market vegetables.




Tabie 18. Anglysis of VYariance 7 Carrgi
Rew Yields for Treatment #2.

—__Sourca SS df MS e
Treathcats d. 17 H 1,17 i3.0%
[betwezn groups)

LYror (e 4 Q.09

{within group<}

Totals ) ] B

* Signiticant at the 5% level. F g5 = Teil.

Table 19. Aralysis
low Yield

Eh o AR ol | . T, ;

¢f VYariance of Onion
s for Treatment #3.

Treatments S i 1 3.30 41.25*
(h2iween groups)

Errtiy &. 27 1@ g.08
{withir groups)

Tolals 2.6¢ 1l

* Significapt at the 5% lavel. E g¢ = 4.96.

The USDA stipulates that carrots mutt be at least 12.7 cm (& in)

o

in Tength and 1.90 cm (0.75 in) to 3.8 cm (1.5 in) in diamster te bo

carrot (Prashar, 1976). In addition. ihe

()

classified as a US Exira #
carvot must be free from double roots and side shoots. Alse, the dark
spot cn the top cf the cerrot root which results from the top of tire
tarrot being sbovs ground cannot be more than 0.32 cm {0.12% in) in

depth. The purpose of the grading was tm find the preportion of US £x-

tra #1 carrots. In the drip plots, 45 percent of the carrots met these

. P
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requirements while 54 percent met the requirements im the sprinkler
plots. A US txtra #1 percentage of 30 percent tc 33 percent is con-
sidered average in the United States (Prashar, 1976). The drip irri-
dated carrots tended to be larger in diameter and crowding conditions
wera observed in these plots before harvest.

Onions were graded accerding tc USDA raquirements (Frashar, 19
which stipulate that an onicon must te between 5.1 cm (2 in) and 7.0 cm
(2.75 in) to be classified as a medium-sized onion. Onions that wet
USDA vraquirements for a medium-sized onion or larger wers thenh cilassi-
fied 3s fresh market onions. Onigns that met size requirements were
discarded if damaged or if dcuble bulbs or soft tops were found.
Seventy-two percert of the drip irrigated onions met all the size re-
quirements for a medium-sized onion or larger while the figure for the
sprinkier irrigated cnions was 53 percent. It was nroted during grading
thkat the sprinkler irrigated onions were generally smaller in size.
Serious wezd problems enccuntered early in the growing secason in parts
of the sprinkier irrigated onion plots may account for some of the size
difference. The areas where the most serious weed grcwth problems had
occurred were avcided for yield sampling, however.

The onion rows with drip emitter lines for treatment 3 were graded
and 74 percent of the onions in these rows met the requirements for a
medium-sized onion or larger. This figure was 70 percent for the onizn
rows one row space away from the amitter iines for the same treatment.
The onions in the rows without drip emitter lines were generally

smaller, howevsr.




In the 1974 7ieid investigation, soil moisture status was monitored
by gravimstric analysis of soil samples taken periodically from the

experimenta! plots. Using the vclumetric meisture content values freom

(9

the 1974 fieid investigaticn in Appendix C, lines of volumetric moisture
content versus time were drawn for all treatments for both creps.
Figures 14, 15 and 16 show volumetric moisture content vaiues at vari-
ous scii depths beneath the crop vrow in the carrot plots for 1974,
Since irrigations or rainfall occurred between all soil moisture sam-
pling dates in 1974, ths 1ines drawn betweon the data poiniz do not
represent the actual variation in volumetric moisture content. The
~every vrow Jdrip treatment appears to have the wettest soil moisture
regime for the carrcot treatments in 1974. The sprinkler treatment
appears Lo have the driest moisture regime. -Thes2 differences in the
s6i1 meisture regime apparently nad little effect on treatment yields
becsuse no sicnificent differences were found between the sprinkier
treatment vields and the average of the drip treatment yields in the
carrot plets.

Figures 17, 18 and 19 are the corresponding illustrations for the
onion plets in 1874, Again, the every row drip treatment appears to
have the wettest soii meisture regime and the sprinkler treatment
appears to have the driest soil moisture regime. Since no significant

differences were found between the sprinkler treatment yieids and the

(1

average ot the drin treatment yields in the onicn plots, the differences

in soil moisture regime again arrparently had 1ittle effect on
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treatiment vields.

Soil moisture was monitored in 1975 throuch the use of tensiometers
placed in all treatments for both crops. Using the replication averages
of volumetric moisture content {&,) from Appendix B, lines of constant
velumetric moisture content, referred to as Iso - O, lines, were drawn

- for 811 trestments for both crops. Drawings were made befcore and after
irrigations to determine the effect of water apnlicaticn upon water
distribution in the soll profile. Figures 20, 21 and 22 iilustrate
moistuvre content variation within the soil profile for carrots during
a three-gay varicd in 1975. The drawings show tne effect of a gross
irrigation zpplication of about 1.27 cm (0.5 in) after tensicmeter
reacing: were taken on Aucust 4. The drawing for ifreatnent 3 was nct
included because ¢f its similarity to treatments 1 and ¢. On August 8
for treatment 2, the soil 28 =om (12 in) away from the emitter
not zppear to have an increase in moisture at the upper depths. Tnis

1975 drawings made for treatment 2. One possitle

explanation is that the row of carrots may have acted as a barrier and
inhibited lateral mcisture movament at upper depths. A sample of the
original tensiometer data is presentad in Appendix E for readings taken

in treatment 2 of the carrot plots on August 4, 5 and 7 in 1975.

Figures 23, 24 and 25 are the correspending iilustrations for onions in
it was noted that the soil moisture distribution was kasically tne

same for each treataent for both crops. The surface s0il in the cnion

plets appeared to ince meisture more rapidly than in the carrot plots

IIln.L_______________________________________________________________________________________________________==g.--l
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buz the s0i1 af lower depths in the onicn plots ramained wetter tian in

the cerrot piote. This could perhaps be explained in terms of the
moisture extraction patterns of the two crops. Onicis are a shaiiow-
rooted crop, dréwing moisture largely from the upper 26.3 om (S in) of

c0il depih i{Prashar, 1976). Carrots draw moisture from a rore exien-
sive portion of the soil profile. These moisture depletion patterns
were noted in ali Iso - o, drawings.

Ancther observation made was that the lines of cecnstant moisture
in the drip ivrigation treatments appear to be nearly horizontai.
Often, the wztiing front pattern associated with drip irrigation is
buib or unicn-shaped in appearance (Goldberg, et al. 197€). This
particular pattern could have existed and gone undetected since failow-
up tensiometer readings were taken approximately 24 hours after an
irrigation. The raletively close spacing of the drip amittzyr Tinhes may
alse have cancaiiad tne bulb or onion-shaped effect.

Since @ crop exiracts moisture according to soil meiiture tens
or n2gative pressure head, drawings of negative pressure head at vari-
»us 3011 depths varsus time were made. Figures 26, 27 and 28 $llustrate
negative rcressure head at various depths in the crop row versus time for

4 for carrots in i975. The averages of nzgative

(2
)
T
f

<3
=
®
+
w
$od
(¥3]
L.L

pressure head values in the crop row are Tound in Appendix B. Plots

wére aise drawn for treatment 2 and for th2 carrct rew in trestment 3
without the emitter 1ine but were not included decausa of thzir simi-
larity to the inciuded drawings. Rainfall and irrigation reduced the

magnitude of the rcgative pressure head at the upper depths to values
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simiiar to these at the jower depths. MNegative pressure head vaives at
the tvic upper depths grew in magnitude quicker than did these at the two
Tower depthe after water application ceased. however. Evaporation
probably rlayed an important role in this phenomenon as tha surface
soil was chsarvea o dry quickly after raintall and irrigations. It
shouid be ncted that the nesgative pressure head values for the uppar
two depths were probably even higher in some cases than is indicated
in the figures. This is hecause the mercury mancmeters used with the
tensiometers were not capable of measuring negative pressure heads
greater than about 850 cm /335 in) of water. The data in these three
figures apsear to Le much the same when compared with each other. If
vields were irfluenced by diffarences in moisture stresses aming thste
treatments. the tensiometers ware not sensitive enough to detect the
diTferences.

Figures 25, 30 and 31 are the corresponding iilusiraticme f5r the
enions in 1975. Th2 negative pressure head values again ginerally
gecrease &35 depth decreases. The sprinkler treatment, Figure 31,

ars to have the nighest moisture stresses in the soil profile.

(A0
o
&

(1)

This could account for seme of the yieid difference between drip and
sorinkler plots. One possible expianaticn for the higher moisture

stressas in the sovinkier treatment js that scme surface sealing was

reted in tie sprinkizie onion NIoLs during Abgust. Surface 3:3%ing was
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ther plots. Also, water zppiicaticn effiziency was
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in the drip irrizated plots because of wind and eavaporation lc



p o,

wo ¢ {reire J4o uolLyebLaa;
O < N

——o——— 13cm
——l— 23cm
N

—_—— .

o

"N ¢ T |
= 1=
& O
@ WO
<

11 IR,

| September

o f1 11

st

Aoy

| B ST S WS - ! | -
o< () 1 D] [ [ [ <3
[ < (e <) (e} (<) < (et
[~ '~ (P Ko <t o) o L]

493eM 40 Wl Fpe || WNSSaJdg SAL1RRI N

Negative Pressure Head at Various Depths for Onions, Treatment 1 1575.

ricure 29.



300k
——wo—— 13cnm
—_——— 23cm
700 —_—— - A6Cm
y Annt. /) )\
Y 500} / /
3 "
€ |
4 / f
3400k A
Y] | ,7-/ /
4
Co
[o3]
£ 300)- / j\‘ / 4
2 / / /
on ;
g i/
200k / X { /
@ “
%\;‘ pf"‘\;},/////
FaYAt 2 e
160 Ve
i In O O (O 10 IR (B 1111 IR
July ' August ! September

Figure 30.

Negative Pressure Head at Various Depths for Onions, Trestment 3 1975,

nN =0

Irrigation or Rainfall, cm

~i
(o]




-0 3
800 i —O——  5Cnm
?\_? l —o— 13cm
/N \ —d— 22CM
700 [}A 5 | e 20 GO
=5 f ' i
o [ i
| by o .
4 9(k= /;' \
= | i ). A

! .
| I\ A
| ] // X’M ™

sk ue
H
o
GO
i

A |
& f/ / R [ 4 &
> 200 /,", /#.:I // // \ 4 T f:‘-:
e { / | 4 /7 / 3
e N A \ //
" 200 ‘{\.\\ / f! i d \. TR // . 3
Y \ \ i
\E’/ "/A\[ i///\ Wif/ 5
N S . :
100 k: LR 63
151 ) "% F 1S
L i gl i 13 IR L[5 R It 11 JRER _—f o1 28 ¥ 5

Jiily J August I September

(s ]

Figuree 31, Hegative Pressure Head at Various Depths for Cnions, Treabizont i 1275,

~d
(5]




a

assaciated with sprinkler irrigaticn. In the drip onien 2iets, only
two figures were incluced again because of the similarity of all
drawings for thesa plots.

The American Socisty of Agronomy's Ivvrigation of Agricultural Lands

Cueio

=

edited by Hagen., et al. {1969) raccamends ivrigaticn of carescts and
bulbing cnions when the negative pressure head in the scii reaches

570 cm (224 in) to 670 cm (264 in) of water. This range was exceeded

in the carrot pists in late Juiv. The range was exceeded in the orion
plots at the en¢ of July and during the middle of August. This suggests
that irrication of cnions should require clpser monitoring and mere

1d

(1)

frequent water applications than that provided in the 1975 fi
experiment.

In order to monitor soil meisture movement in the scil profile,
hydraulic uradients were calculated between 1975 tensiometer depths.
The gradients were calculated by dividing ihe difference betwean total
head valuas at consacutive tensiometer deptns by the distance between
the deptiis. A positive calculated value indicated that the gradient
was dcvinward in directicn. Gradients were calculated for the individua:
tensiomeier tanks and then averaged for each treatment as shown in
Aprendix £. Drawirgs of gradients versus time in the crop row wevre
drzwn for all treatments and two representative drawings for each crop
were selected for prosantatiorn in th

Figures 3z and 33 illustraze gradients versus iime for treatinents
1 and 2 in the carvet rew for 1978, The vertical axis inlthe plets of

gradients versus time 1s lodgarithmic and therefore ot contipusus
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setwean hvaraulic conductivity values of -10° cm/cm and 10° cm/cm. The
gradients are scmewhat erratic until eariy August and then develop
similar patterrs among treatments. Negative, or upward gradients are
associatad with drying periods in the soil profile. Positive, or down-
wira gredients can be associated with irrigations or rainvall., Down-
ward gradients batween the 23 cm (9 in) and 46 cm (18 in) deoths indi-
cate that deep parcolation losses may be cccurving. Dowowsrd cradients

betwa2en thsse depths appear to occur mevae freavently anc in

[t

magniiudzs in treatment 1 than in cther treatments. Occasional erratic
naints do occcur, for instance consider the 5 cm {2 in) denth o 13 om
{5 in) depth gradient on August 12. This point was apparently caused
by a rainfall thet had wetted the top tensiovmeiar depth &t the tine cof
the tensicmeter readings but not the Tower depths. This would create 2
dowrwiard gradient for this moisture while tha oxtrer gradients were
still epwara in cirection.

Gradients in the crop row versus time for 1875 onion ireatmenss 2
and 3 &va shown in Figures 34 and 25. These gradients tend to te more
consistertly negative, or in the upward directicn than the cavrot

gredients. This agrees with the negative pressure head versus time

n
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figuras which showed higher moisture stresse

enicns than for carrots.

{rrigation Faduirements

The next nbjective for the study was tc dztarmine irrigation
recquirenents for carvots and caions in eastern fouth Dakota. In crder

to calcuiate crop coeificients, moisture inputs to and cuzputs Trom the
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roct zone were meonitored in 1975. A crop coefficient is defined as the
ratio c¢f the consumptive use to the potential evapotrapspiration for a

iven time period. Inputs to the root zone consisted of irrigation,

ul

rainfail ard uvpward infiltration of moisture into the root zone. Irri-

gaticn apniication efficiency wes estimated at 80 percent for the

[

sprinklz- piots and at 95 percent for the drip irrigated plectis when
irrigation arounts were added as inputs. OQutputs consisted cf degp
percclation 1osses and evapstranspiration. In order to estimete deag
percoiation losses and upward infiltraticn of moisture into the rooi
zone, Darcy's Law was utilized with the unsaturated hydraulic cenduc-
tivity and nydraulic gradient values at the bottowm of the crap rsot
zenes- to 2stimate the amounts of moisture-movemert into or out or tha
root zecne., IT these estimates indicated that more than 0.13 cm
{0.05 in) of wcisture was mcving into or out of the rcot zone on a
daily baszis, the time period in question was not wsed in the caicula-
tion of crop ccefficients.

Actua' and potential evapotransoiration values were computed far
days of ne¢ligibie ceep percoiation and upward infiliraticon in the
23 om (9 in) te 4€ cm (18 in) portign of the soil prafile. Moisture
depietion in the 46 cm (19 in) profiie was calcuiated from tctal
moisture computations which wers derived from the tensicmeter date,
fppendix D, Potential evapotranspiration for cervois and enions was
calculated on a daily dasis vsing the Penman Combination EFguation.

nation Zquation cf the form used by Stegman and Yaier

-
-
o
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m
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S
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ET. = potential evapectranspiration in inches per dey.
A = a temperature dependent constant egqual to tre sicpe of
the saturation vapor pressure curve at mean air

temperature.

o<
n

a psychrometric constant.
13 5 . (2]
= net radiation in c2l/cm® per day.

total wind run in miles per day at the two meter heignt.

=
n

e = saturaticn vapor pressure at mean ailr temoerature i
witlibars.
eq = saturation vapor pressure at imeanh dew point im millibars.

Rn was estimated by

Rn = (l -C:s) FS = 'F'\’
-
wheirs

R, = nef radiation in ca’./cm2 per day.
RS = g0jar radiation in ca’:/cm2 par cday.
R. = net outgoin) lonywaye radiation in cal/cm? ser dey.
It
G = mean daily shortwave reflectznce ov aiteco, iaken as

0.20 for carrots and §.15 for onions.

-

i
Rgo = solar radiation on a clear day in cal/cm® per day.
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Ry, = net outgaing iongwave radiation on a clear day in
cal/cmé per day.
Rip was =stimated hy

Rig = [0.98 - (0.67 + 0.044 egjlo T,*

whare:
O = Stefarn - Boltzman Constant (11.71 x 1078 cai/cm® per day).
Ta = mean daily air temperature in degrees Keivin.
oy = saturation vapor pressure at mean dew point tosperaiure
in millibars.

A computer program was usad to calculate values of ETp using the
Penmar Comtiration tquation The program vequired the following
climatic dzta on a daily basis for inputs: 1. Minimum daily temperatura
in ®F, 2. Maximum daily temperature in °F, 3. Mean daily dew point
temparature in °F, 4. Albedo, 5. Total deily wind run in miies per day
and 6. Daily solar radiation in ca]/cm2 per day.

Tensiometer data were eliminated fer time periods in which esti-
metes indicated tha:z more than 0.13 cm (C.05 in) of moisture was moving
irto o out or the roct zona on a daily basis. Actual evapotranspira-
tica, potential avapctrarspiration and the resulting crop coefficients

aved for both crops from ithe remaining tensiometer

were ther c3iculy
cata. iHowever. the caiceiated veluss o7 actual evepotranspiration for

bula crops were consistently larqger than tne covres-
ial evasclransdiretion values on days witen irrigacicns
scourred.  This resulted in ciop coefficient values larger than anz in

magnitucde. Potential evapetransoiration is tne evepotranspiration




which occurs when the stage of piant growth and soii moisture conditions
are not limiting factors to the evapotranspiraticn process. Potentiel
avapatranspiration i: therefcre the waximum evapotranspivation rate

,.

passible for a crop under given ¢limatic conditions. The actual

gvapotrenspivation rate cannot b2 larger than thne potential avapcirvan:z-

piratior vrate and thus crop coefricig larger thar cne are in ervor.
A provanla cause *or the large actual evapotranspiration vaiues i
unmeasured deep zevoeiatiun losses which mey have occurraed lass than
24 hours ziter dirvigaiions or vainfail. 7The shailcw scil depth with
9024 drainase g svspicted as the cause of csep percolation iosces.

Tnese losszs would n2t have oesn indicateg by the hydraulic gradients

=a¢d for 24 hours foliowing the irrigaticn.

S

SInce tensiomeiers viere not
Tabie 20 presents the actual anag octential cvapotranspiraticn values
and the vezuiting crop ceoefficiznis fer carreots ram the data which
e iminated. Crop ceefficients wiiich ware calculated tv bhe

stighily tarcger than oae were reported as being equail to gne. Because
of consistent upwiard gradients and large actual evapetranspiraticn
valuas, virtually all of the tensiometer data for onions were eliminated
and conseauentliy no crop coefficients for onions couid be reported.

The aztual evazpotranspiration vaiues for carvots reportea in
Tabie 2G were compsred to estimates For actual evapotvanspivaiion riade

from Figures 26 through Figur2 23, During two pericds in wnich tersi-

ometer gata weve taken in 1875, resative pressure n values indicated
that the zvaiiable <oii moisture vias being readily utilized by carrets.

~r

Between July 24 and July 28, relatively high negative pressure head



Table 20, 1475 Carrot Crep Coefficients.

Gate  Jreatwent Consumplive Use [cm)T Potential Treatment Crop Coefficients
] 4 3 4 Evanutranspiration (cm)* 1 2 2 4

7-24

7-28 AL 183 L8 h .58 1588 0.87 0.97 2.0@ .88

3-3 0.43

8-4 6.20 .75 0.46 0.43 C.54

3-5 0.46

67 (.96 0.51 0.94 1.00 0.54

3-8 0.46

8-11 0.61 1yB80 0. 47

8-12 0.41

§-14 0.46

2-16 0.20 0.08 G.295 1.00 0.40

6-25 187

5-26 @, 18 0.23 0.48 0.37 0.48

* The cunsumptive use values represent the consumptive use by carrots between the day where the

amount is listea and the previously listed day.
* Tne value of albedo used for the calculation of ET, for carrots was 0.20. The EVy, values listed

reprasent the LT, tetween the day where the amounl”is listed and the previously 1isted day.

P
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vough.out the 5011 profile indicated thal the carrois were
utiiizing most of the rainfall and irrigation amounts in the evapotrais-
piration process. Steadily increasing nagative pressure head values
tnroughout the sofl profile between August 2 and August 14 alzo indi-
cated that rainfall and irricaticn amounis were teing readily utilized.
Actual ewapctiranspiration estimates from these two perieds wera wede
using the irrigation ang rainfall records. These values averaged

0.47 cw/day (0.18 in/gday) for the period in July and GC.42 cwjday

(0.17 in/day) for the Auvgust pericd. From Table 20, consumptive use
averaged. 0.47 cn/day (0.18 in/day) between July 24 and July 28 and
0.29 cmiday (C.i1 in/day) betweem August 2 and August 14. Climatic
conditions during these two periods were more conducive to high evapo-
transpiraticn rates than at any other time in which tensiometer data

were taken. Thus, from the available data, it would appear reascnable

[l

o expect actyal evspotranspiration values approacning 0.50 cm/day

(0.20 in/day) for carrots when ciimatic ccnditions are favowrabla to high
evapotranspiration rates.

37 evapotranspiraticn for cnicns were made from

o

Estimates of act
Figures 26 through Figure 2i. The same two time periods were selected

-from these figures as were selected from Figures 26 threugh 28 for

m
o

estimation of actual evapotranspiraticn. Since the water applied during
these tine pericds in the cnion piots was 1i1dentical to that zpplied in
the carrot plows, estiracres af actuel zvapotranspiration were alse
identical. However, meiscure stresses im the onion piocts were ganerzlly

greater {nam in the carrot plots, especiaily during the August 2 t=
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fugust 14 period. This suggasts that the onions could have uvilized
more moisture than the carrcts dunm'ng these periods. It would therefore
appear reasonabie to expect actual evapotranspiration values of

0.506 cm/day (0.0 In/day) o~ greater for onions when ciimatic conditions
are TeMgrak'e to high ewapoiranspirat ion rates.

Evaporatica pan data rzcorded 3.2 km (2 mi) northeast ¢f Brookings
from a US Ciass & pan was cbtained for the two time perioas from the
Climato] ogicai Data publication for South Dakcta (Mational Oceanic and
Atmospheric Administration, 1675}. Daily pan evaporation for the tw
neriods averaged 0.85 cm (0.33 ‘in). Freom the estimates made foir aciual
gvapolranspiratien, an actual evapetranspiraticn to pan evapcrat?®an
ratio was ceoimputed vor carrots and onions From the computed ratio
(0.50 cm to 0.85 ciyy, it appears that irrigation application amounts
anprcachirg six-tenths {0.60) of the pan evaporation amounts are
vequirac for cavrois and onicns when c¢limatic conditions are favorahle
e nigh svazpotransairation rates. This irrigation recommendation is
for the pericd when the carrot root and enion bulb are undergoing rapid

inc= tiis irrigation recommendation was made largely

-_l

.,‘Jc'r

.‘a
W

deve 4.
from Figures 2£ threush 21 and not from actuail and potential evare-
trerspiraeticn caiculetions, 7t is noted that the recormendation is a
reucn 2siimata for irrigation applicaticn amounts. Refearch by Nareng
angd gastane 21371) in Inais and Van Esden and Myburch (1971) in SSuth
ATrica vrecommenazd ireicaticn amcunts for onions o T seven-tenths (0.7}
of the nen avagoration amnmunts for onions experiencing rapid buib

developmant. A bulietin oublished Ly che Califorrnia Dapartment of




Natural Rszsources (1975) recommended irrigatien amounts for cavrots
ranging from 0.25 to .79 of the pan evaporaticn amcunts, depending

upch ths stage of crop growth.

Economic Analysis

The economitc wnalysis consists of conparing cost and return
information associated with drip and sprinkler irrigation of carrots
and onions. The costs presentad in the study are irrigetion equinmest
and operation costs and crop production costs. Returns consist of
prices paid tc the grewer for carrct amd onion crebs baged on national
price averages. Scie of the hasic cost and return daca are prasentea
in Tabla 21.

The anndal procduction costs associated with grew:ing carrots and
orrjons are presentad in Tatle 22. The producticr ccsts for hLoih craps
re largely based an information Trom the University of Wisconsin for
preduction of carrcis ang onions in a mechanized operation. rFevtilizer

costs were estinated according to applicatisan recomrendations from
Warnke, et al. (197€) and Prashar {1976). The arnual laber costs for

the ivrigation systems incluaz $185/ha (375/acre) and $124 ha ($50/acra)

tian of tne drip and zprinkier systenz, respectively.

—1-
o
—
—d
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for ins

Included as an annual productiorn ceost is tna Fixed machinery ©os

associated with the machinery used ia the carvet ard orion productica.

No land costs or charcges were calcuiated
returns presented later are expressed as returns to land and management.
Tne desion of the nypotheiicai irrigetion systems was based upan

the lzyout of the irrigation systems used in the 1975 field



Table 21. Cost and Pyice Informaticn.

AT = - tost
Well and Casina’ 100
i1 and Casing 34100
it
i

Pump, Motor and Pane

Drip Sysiem 42165
Sprinkler System S2660
Irrigeticn Equijpment
Drin System $1060/hectare ($430/acre)
Sprinkier System %3443/hectare ($1390/acre)
Price of Carvryus* 5115/ metric ton ($&/cwt]) 1S Extre #1
carrots
$55/metric ton ($2.50/cwt) all othar
grades
Price of Onions* $165/metric ton ($7.53/cwt) USDA Medium
or larger onions
$82/metric ton ($3.75/cwt) ail other
grades
Electric Costs** $12.70/measured kw {(¢9.50/measured np)
for standby
$0.019/kw-hr tor service
* A breakdown of items inciuded 1n the well and casing costs is

++

*%

presented it Appanaaxy . The \911 and casing cost is for both
the dvip and sprinkier systams.

Prices obtained from Paul Prashar, Horiicultuvre Department, South
Dakota Stgte University.

Costs takern from "CTrop Yiszld and Economic Anaiyses of Selested
Muitipie Pivot ITrrigation Schawmes® [unpublisned 4.S. thesis by
Michaal Otterby, South Dakota Siate University. 1978), p. €2.



Table 2¢2. Annual! Preduction Costs for Carrots and Qnions®.

—_Carrots : ~_Oaions
1A sfacre &/ha »/acre

1aér 188.00 7€.G0 182,90 VG 00

Seed 3u.00 12.00 77 .00 31.00

Hsrbicide 203. 60 82.00 134,60 46. 60
Machine Uperaticn §2,CY 21.00 54, 00 38.00
5% Capite] Charge on Above’ 25.00 10. 00 25. 00 10.00

Ldbg;ip 403.00 163.09 519.0) 210.00

Sprinkler 341.6G0 138.00 1h7.00 185.00
Transporiation and Markating 319.00 128.0C0 477.00 133.00
Harvesting 393.00 1592.00 393.00 156.00
Fixed Machinery 430.00 174.00 413.00 167.00
Totals

Drip 2043.00 826.00 2300.00 930.00
__Serinkler 1981.00 801.00__ 2238.00___ 905. 00

* A1l costs are trom the University of Wisconsin Horticulture Bepartment for grewing cavrots and
onicns with largaly mechanized field operaticns unless otherwise ncted in the text. The cocts
are averages of date token from commercial nnerations in Hisconsin in 1973, All of these cosis
were updated to 1276 vsing Agricultural Prices, SR, and Surday of Currant Business, U.S.
Gerartment of Commerce.

+ o 0! g : . £ il s : 5 E
" The 5% charge is Lased on an arrual interest vatre of 10% vor & months. 8
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investigation. Arrangament and spacing of crop rows were assumed to be
similar to those used in the 1975 field investigation. A1l design con-
siderations and cost estimates were based upon the assumption that the
particular cron would be grown in a field 206 m (1320 ft) by 400 m or
16.2 ha (40 &cres) in size. Design and cost information for the drip
“irrigation system were provided in part by Anjac Plastics of Ei Mente,
California. Corresponding infermation for the sprinkler irrigation
system was coilected with the assistance of Cluever (1976). It was
assumed that 1 hectare (2.5 acres) would be irrigated at one time for

system and 2 hectares (5 acres) would be irrigated at one

the sprinkler
time for the drip system. A design pumping rate of 0.76 m3/min
(200 gpm) was calculated for the drip system which would produca a

gress applicaticn rate of 0.23 cm/hr (0.09 in/hr). This wouid vequire

-

Tor

Y

an elaven-hour irrigation cycle for each 2 hectare (5 acre) are

<
-4,

2z gress application of 2.54 cm (1 in). A design purbping rate
1.04 a3/min (275 gpri) was calculated for the sprinkler system and wouid
produce a giross appiication rate of 0.64 cm/hr (0.25 in/hr). This would
require 2 Tour-hour irrication cycle for each 1 hectare {2.5 acre) area
Tfor a gress application of 2.54 cw (1 in). The drip drrigation cystem
was designed simiiar tc treatment 3 in 1674. It was assumed that the
drip irrigetion switiar line would be placed adjacefit to cvery cther
crop row. Reiatively clcse sprinkler spacing resulted from the design
of the solid-<st sprinkler system because cof a design consideration

made for winds in excess of 16.1 km/kr (10 mi/hr). The sprinklev irri-

ateral spacing along the mainline was calculated to be 12.2 m



(40 ft) with sprinkiers spaced every 6

5.1 m (20 ft) along the laterals.

The Tencth of the 7.6 cm {3 in) diameter laterals was determined tc be

195 m (640 ft).
The annual

systems are

’L

pump, panel an

1

in Appendix

a one-year life

to have a fTive-year life.

expected to havie a TiTteen-year life.

mstor costs and

prasented in Table 23.

Further cost breavdowns for

the well and casing costs are

vikile all drip irrigation plastic fittings

irrigation costs foy the drip and sprinkler irrigation

the

. The drip irrigation emitter lines were assumed to have
wevre asidiie
Al11 sprinkler irrigation equipment can be

The pump, moter and panel and

the well and casing for each system were assumed to have twenty-year

thirty-five yesrs.

drip irrigation system were approximate

stiops.

conside

iongzr were based on a

2naual

The mainlines for both systems can be expe

gted to have

Information on the expected lives of these items
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Table 23. Arnual Irvigation Costs for Drip and Sprinkler Systems.

Drip Spirinkier
Item # 7 R §/acre_ /ha $/acre
heli and Casing 33.00 16.90 39.00 16.00
Pump, Motor and Fanel 20.00 8.00 25.00 10.0%2
Mainlinex* 47.00 19.00 15.00 8.00
Eiectric Costs 15.C0 5.00 15.00 6.0C0
Irrigation Equipment® 954.00 386.00 604.09 244.00

Totals 1075.00 434.00 7C2.00 284.00

¥ Irrigation costs for the drip system include bi-wall drip emitter iines spaced on every other
row and all fittings. Sprinkler equipment costs include aluminum sprinkler pipe, risers and
sprinkler heads and all fittings. Drip irrigation eguipment prices were taken from informa-
tion received from Anjac Plastics, E1 Monte, Caiifornia. Sprinkier irrigation eauipment prices
ware taker from the Heinzman Engineering, Inc. catalog. It was assumed that the drip emitter
Tines would be discarded after one year's use and thus had a one-year life. The dripn fittings
were ussuied Lo have a five-year life. All other costs were figured on a ten-year repayment
basis at 5%.

** pricas are for PVC wainline pipe taken froin the Heinzman Engineering, Inc. catalog.
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Table 24. Summary of Cost and Return Data.

2 Gross Return to : Net Return to
Land and Management Totai Ccost Land and Maragement
e osCrop 5/ha __S/acre $/ha S/ucre 3/ha $/acre
Rrip Irrigatad Onions 6454.00 2612.00 3375.00 13¢4.00 3079.00 1248.00
Sprinkler lrrigated Unions 5550.00 2246.00 2940.00 1189.00 2610.00 1057.00
Drip Irrigated Carrots 6414.0C0 2596.00 3118.00 1260.0C 3296.09 1335.00
Sprinkler Irrigated Carrots 5105.00 2066.00 2683.00 1085.00 2422.00 981. 00

\
W




—
bt
o8

under cofitrolied experimental conditions, the yields used in the eco-

.

nomic analysis were estimated 75 percent of the yieids recorded ir

(%)
G

the field investigation. The crep prices used to calculate gross
returns to 1and and management were averages of recent menthly prices
pzid to United States grcwers {Table 21). These prices. and therefors
the gross returns, vary censiderably with the Tocaticn and the time of
veay. Onion prices are particularly volatile and cauld produce con-
sideraily different results from those noted in Table 24. The net
returns to land and management were calculated by subtracting the total
Total

SCal

annual costs frcm the cross returns to land and management.

annual costs concisted of annual production costs for the particuizr

[7H]

crop and annuel irrigation costs fer the particular irrigation system
Tabie 25 shows that under the crop price levels considered, drip irri-
aticy will produce higher net returns te land and management than

spriakler fvrigation for both creps. Table 24 also indicates thet drip
irrigation o1 carrots wiil produce the highest net returrs ts land and

managz2neni of the Tour management plant counsidered.




SUMHARY AND CONCLUSIOKS

Drip irrication is becoming an increasingly important pari of
irigated agriciilture as evidenced by its growirmg acceptante im many
parts of the werld, Ths: appiication of drip irrigation to specialty
cirops s exhibited in California where nuts, fruits and vegztables are
all presently grown under deip ivrigation. There has been littis

vesearch done on drin irrigation in the Nerth Central Unitea States and

(h-l
(<)
H»
PR
=
v

thus information regarding the apptication of dvip irrigation
area is limited. Althouach specialty crops are nhot precsently grown
extensively in Soutn Dakota, the possibiiities Tuev developrent &7 oo -
kets for these crops in the future appear attraciive. A study wis
tegun to evaluate the effects of arip and sprinkier irrigation on o
vegetahie grops presentiy grown in South Dakota, carvrots and amions.
The study was undertaken to provide more information on the irrigation

of vegetebies in South Dakcta with particular emphasis oh comparing
irip 2nd spriniier irpigation crop y

.
o
=)
2o

Date from the first two years of the siudy were vecorte
analyzed, Tha field experiment was conoucted at Lhie Agricultural

A, in a shallow

!"

Engineering Pesesrch Farm near Brookihus, South Dako

-

sandy 1oam s2i%. During 1274, ome sprimkier frrigation treathent and

two drip irrigation treatments were used to irrigate both crops with a i
76 cm (30 in) row spacing. The drip irrigation treatments consisted
of placing an emitier line adjacent to every crop row and the piacement

of an emitter lirz atc tne center of alternate vow spaces. The sprin-

kler treatment was aesiunad to simulate a converticnal solid-set

_ e
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sprinkler svétem. Irrigation scheduling and net water applications
were the same for all treatments. Tha 1974 carvot yields ware 56.7
metric tons/hectare {1002 bushels/acre) in the eavery row drip irrigated

plots, 45.4 mt/ha {310 bu/acre) in the every other row driy irrigatoed
plots end 51.7 mt/ha (922 bu/2cre) in the sprinkler irrigated plots.

The correspandirg 1974 onion yields were 25.1 mt/ha (447 bu/acre),

18.2 mt/ha (325 tu/acre) and 23.3 mt/ha (415 bufacre). o statiscicaliy
significant differences were found Between the sprinkler ir2atment

.

yieid and the average of the drip treatment yields 7or carrots cr

-

onions. However, tiie every row drip treatment produced significantiy
greater carrot and omion yields than the evyery cother row drip {reitmsat.
During 1275, one sprinkler treatment and tihree drip irrization
treatments were used on 30.5 cm {12 in} row spacings. Again, ons drin
rication treatment consisted of piacing the emitfer line adjacent to
every £rop row. Annther drip treatment consisted of placing the emitter
Tine at the center of every cther vrow spece. In the third treatmoent
the emitter line waz placed adjacent to evary other crop row. The
sprinkler trezatm=nt sgain was designed to simulate & copventionz]
golid-set sprinkler irrigstion svstem. Although irrigations were
scheduled at tha same time for all treatments 'n 1675, 12 percent and
rin-

6 percent less gross water was appliea to the every vow drip and s

L%
-1

kler treatments, respectively, than was applied to the every other rowx
drip treatments. The 1675 zarrot yields were 109 mt/ha (1550 bu/acre)
in the every row drip irrigated plots, 99.8 mt/ha (1780 bu/ecre) in

the every othar row drip irrigated plots with the emittar line placed




at tha center cf ar-ernate row spaces, 166.9 mt/ha (1910 bu/acre) 1in
the every other vow drip irrigated plots with the emitter lirne placed
adjacent to every other crop row and 84.9 mt/ha (1520 bu/acre) in the
sorinkler irrigatew plots. The cerresponding 1975 onion yields were
68.3 mt/ha {1240 bLags/acre,, 50.3 mt/ha (1060 bags/acre}, 60.6 mt/he
(108C basgs/acre) and 54.7 mt/ka (98C bags/acre). Ffor boih 2rops in the
1975 tield investigation, the drip treatments averaged a significantly
greatey yield there the sprinkier yield. The drip treatmerts alse
averaged a greater yieid per unit of water applied than the sp=inkler
treatment. ho siagnificant yield differences were found betwean tie

~

ecvery vow drip treagment and the avarege of the every othar iow drip

treatinents for carrats. However, the every row dirip yield tor onisns
was Tound to be siguificantly greater than the average yieid ¢f fhe
evary othar roew drip treatments. For both carrots and onicns in 1975+
the every row drip tyeatment produced a significantly greater yieid per
unit of water appiiza than the average of the every other row drip
treztmernts. No signifiant differences for carrots or onicns were
found beiween thn every other row drip treatments in terms of yieid cr
in terms of yiald pe- unit of water applied.

S011 moisture status vias monitored during both years of the study.
Seil moistura Ziszribution comparisens amang the varicuws freatinepts

ar e made usin g the Tiald data. 1974 i1 moisture dis-
are then rmade usingthe Tiald In 1974, the soi oisture di

E

tributian study oonsisted of comparing plotsz of volumetric med ture
content versus Tine anong tha *hree treatment s The soil moi-gtur &
distribution s.qudy in "P7F5 consisted of threce pertions: 1s Lines of

¢ goient splumeiric me'stura content (8y). or Iso - &y lines, Jers



compared ameng the various treatments. The Iso - 9y lines were com-
pared before and after an irrigation to determine the effects of water
appiication upon soil moisture distribution. 2. Soil moisture tension,
or negative pressure h2ad comparisons wer® made to study soi? moisture
stresses in thz soil profiie. 3. Hydraulic gradients in the :scil pro-
file were comparcd among treztments to study s0il moisture mnvemeot in
the soil profile, particularly into and out of the roct zine.

Croo coef ents, the ratio between actual and poteatial evaps-
transpiraticn, were calculated for the 1975 treatments during periods
of minima®! moisture movemnent into and out of the root zone. Antual
evapotranspiration was estimated during these periods using soil mois-
ture data from the tensiometzrs and water input data from irrigation
and rainfall records. Potential evapotranspiration was computed using
the Penman Combination Equation. Crop coefficients for caryets and

articularly onicns were found to be largely in error beczuse of con-

=)

sistently large 3ctual evapotranspiration estimetes that werc beiieved
t0 hava been ciused by unmeasured deep percolation. Consequently,
eszimatas for drrigation requirements of carrcts and onicns weare nans

meisture tension and moisture input data and pan-gvaporaticn

An economic analysis of deip end soyinkler irrigated carrots and
onions was completed. The every other row drip treatwent with the
emitter line adjecent to alternate rows and ihe sprinkler treatment
were iised as the irrigation methods for comparisen. gsults of the

1875 ficld investigaticn werc used as a basis for the analysis. VYields



used in the gnalysis were estimated at 75 percent of the 1972 Mgie
investigation yields becazuse the experimental plcts wera relativaly
small 2nd maintained under well-contrselled conditions. Anaual produc-
tion costs for each crup were determined for a highly nechanized opera-
tion witn low labor requirements. Irrigation costs were estimated trom
current prices for equipment and electricity. Gross arnual returns to
Tand and ménzcement were baseéd on current zverages of prices paid to
arowers Toi cach ©rop. Net annual returns to 1and and management warz
then ccempared between treatments. In the znalysis, drip irrigaiion of
carrols and oniont were found to produce higher net returns tc land and
management than sorinkler irrigation. Drip irrigation of carrots was
found to produce the highest net returrns %o land and management, about

$330G/ha (51300/acre).

Conclusiong

i. In the 137% field investigation, the average water use effi-
ciencies {yieilds per unit of gross water applied) fTor the drip
irrigated treatments were significantly greater th#n the
sprinklar tresiment water use efficiencies for both carrots
and onitonhs. The every row drip treatment water use efficien-

cies weras significantly greater than the average water use

[4a]

ificiencies of the every cther row drip treatments vor poth

O
M

rop
2. Every row drip irrigated yields were 8 and 9 percant greater
u than the sprimkiar irrigated yields for oftichs e&nd carrsys,

| respectively, In 1574 witen & 76 cm (30 in) row spocing was
|




106

used. The averages of the drip irrigated y# !ds were 15 anc
24 percent greater than the sprinkler irrigated yields for
enions and carrcts, respectively, in 1975 when a 32.%5 ¢

(12 in) ros spacim ¢ was used.

Lines of constant volumetric mcisture cottent (o - o, tines;
in the soi]rprori]é were generaily herizontal ir all 1975
treatments and not bulb or onion-shaged as regorted in scme
rasearch. Onions appeared to wtilize moistire 12rgely fTrom
the tep 23 cm (9 in) of the soil precfile in the 1975 field
irvestigation while carvots extracted meTstiure frm the enire
46 om (18 in) soil profile.

Maximum carrot and ohion moisture requirements apvroackes

0.5 cm/day (0.20 in/day).

Drip iwrigation of carrots and onicns offefs potentially
greater net returns teo iand and maEnagement than Zprinkler

irrigation.
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APPENDIX A
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PRIGATION AND RAINFALL AMOUNTS (CM)
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ril une 1!
ain- let Rain- Net et Irrigation
Oate___ fall __Irrigation ate  fall rrigation Rafn-
i r r ri rinkler
1 1
2 2 1
3 B/ 2
4 3 3
5 5 0.25 )
6 6 5}
7 7 6 0.51
8 8 0.61 7
9 9 8
10 10 9 0.94
11 11 2.49 10 2.11
12 1.80 12 i)
13 0.33 13 1.50 12
14 14 0.66 13
15 15 14
16 16 0.79 15
17 17 16
18 18 e 17
19 19 18 127
20 20 19
21 0.30 21 1.93 20
22 22 21 1.35 1.35
23 23 22 0.33
24 24 23
25 25 24 0.69 0.69 1.27
26 26 25
r) 0.46 27 26
28 28 0.20 27 175 %75}
29 29 28
30 30 1.47 29
31 0.94 30 1.27
Totals 2.89 0.00 12.75 _0.00 Totals 3.89 3.79 3.79 3.81
—%‘ﬁm_ % gation
Rain- Rain-
Date fall Every Row Drip _ Every Other Row Drip __ Sprinkler Date fall Every Row Drip Every Other Row Drip Sprinkler
1 1527 o2 1
2 1.27 2 0.23
3 0.89 £} 0.33
4 4
5 1.27 1.27 5 1.27 0.2 1.27
6 6
1z 1.27 7
8 8
9 1.02 9 5.28
10 1.27 1.27 =22 10 2.54
11 11 0.25
12 7/ 1.27 1827 12
13 13
14 0.79 14
15 15
16 16 1527 1.27 1.27
17 17
18 0.38 1.27 152 127 18 0.84
19 0.91 19
20 0.89 20
21 21
22 22 1527 1.27 1.27
28 1.27 1.27 1527 23
28 24
25 25
26 26
27 27 1.27 1.27 1.27
28 28
29 29
30 1.27 1524 Lg27 30
31 31
Totals 4.88 8.89 8.8_9_ _ﬂ_ Totals  9.47 5.08 5.08 5.08
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Mag 1975
Gross Irrigation Amount
Date Rainfall very Row very Other Row Sprinkler
Drip Treatment Orip Treatments Treatment Date Rainfall
1 e Drip Treatment __ Drip Treatments
2 1 0.76 0.86 0.69
3 0.15 2
4 3 0.18
E) 4 0.48
6 b
7 1.04 6 0.76 0.86 0.69
8 7
9 8
10 9 3859
11 1.12 10
12 11 0.13
13 12 0.61
U] 0.13 13
15 14 0.13
16 15 1.35
17 0.76 0.86 0.69 16 0.94
18 0.76 0.36 0.69 17 0.13
19 0.76 0.86 0.69 18
20 0.76 0.8€ 0.69 19 0.97
21 20 1.€0
22 0.76 21 OS5
23 G.91 2 0.28
24 23
25 24
26 25 0.76 9.56 0.69
27 26
28 0.76 0.86 0.69 27
29 28
30 0.76 0.86 0.€9 29 0.76 0.86 0.69
31 - — 30 0.76 0.86 . 0.69
Totals _ 4.11 4.56 5.16 414 Totals  10.63 3.80 4.30 3.45
Lﬂ%&ﬂﬁ .
Date Rainfall Every Row Every Other Row prin -
Orip Treatment Drip Treatments Treatment
{
5 114 1.30 1°.3%
L]
5
6 0.25
7 1.52 1878 1.27
8
9
10 1.52 1.73 1.49
11
12 l.152 1189/3) L71
13
14 G52 D I/ 1.71
15 1.52 LoV7e 1.58
16
17 1.14 1.30 1.27
18
19
20 1.14 130 1.3
21 1.14 130 il 19;
22 0.15
23 1.68
24 0.18
25
26
27
28 1.14 1.30 1.27
29
30 114 1.30 1.27
31 oI TOS L . S— 1.27
Totals 2.26 15.58 17575 16.77




Nate Rawnfall
 ———
1 5.21
2 0.20
3
4
L
6
7
8
9
10
1 0.35
12 1.14
13
14
15
16
7
18 0.30
19 3.7
20
21 0.33
22 0.64
a8
24
25
26
27
28 1.47
29
30 0.18
31
Totals 13.50

Orip Tre

1Ll

w5,

Orip Treatments

1.29

128

1.29

2.54

Treatient

Ruqust 1975 -
o ——.. Oross rrIQation unt
Every Row very Other Row prinkler
=

137

1.59

2. 40
1.39

139

8.14

Nate

=

Rainfall

1.90
0.20

er 1975

ross Irrigatio unt
Every Row Every Other Row Sprinkler
Oy

Treatment

Totals
=

9.00

0.00
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APPENDIX B
REPLICATIOM AVERAGES OF VOLUMETRIC MOISTURE CONTENT
AND NEGATIVE PRESSURE HEAD FROM THE 1975 TENSIOMETER DATA




SERT
scer
SEPT
SEFT
SFer
sreor

29

EVERY RCW OR I[P
TENSICPMITLR LCCATION AT EMITTER LINE
REPLICATION AVERAGES

TREATMENT

1975

VOLUMETRIC MOISTURE CCNTENT (VMC)

SCw

0.282
0.32¢
C.268
0.27%
0.212
0.332
G.30/7
C.294
0.3¢20
0.279
0.324
C.280
C.329
.31l
0.325
0. 320
V.3l
C.341l
0.327
[P L1}
0.341
0.285
c.217
0. 162
0.330
C.281

EVEKY KCw URIP TREAFMENT

13C~

0.260
0.298
0.249
G.251
0.244
0.308
0.278
n.273
U.293
0.264

C.265

AV GIVEN CEPTHS

230

0.243
0.243
0.20>
0.200
N.198
0.259
0.235
0.231
0.240
0.217
V.234
G.214
0.206
2.4C4
N.226
0.227

0.255

0.2C3
0.1498
0.2C0
0.211

46Cr

0.147
0.l161
0. 146
0. 149
0.142
0.195
0.183
0.1%0
0.178

0.1¢5

CARRCT PLOTS

PRESSUME

5Cw

-488.2
-122.3
-766.2
-e41.3
-657.7
-108.0
-257.5
1341

EMITFER LINE ON RCw

EMITTER LINE ON RCw

TONSICMETLR LOCATION ONE-HALF KOw FROM ENITTER LINE
REPLICATION AVERAGES

VULUFF TR IC MOLSTLRE CCNTLET (VvMC)

SLM

0.28#
0.329

AT GIVEN DEPTHS

Licw

v.2¢6
0.297
C.251
N.250
0.259
C.308

23Cw

J.208
0.241
0.202
0.148
0.204
J.264
0.241
0.237
0.24%
0.223
0.246
0.212
0.2cC8

0.236

“6Cv

0.157
0.160
0. 167
0.150
0.144
0.199
0.195

PRESSLRE FEAD

5Ch

-198.2
-1r.7
-826.5
-170.0
-588.7
-111.8
-243.1
-3ll.9
-194.3
=574.9
=130.6
-207.6
-136.4
-264.6
-134.8
-168.3
-¢l6.1

-B4.6
-131.5

-T6.0

-R6.T
-418.3
-6ll.1

-79.6
-121.0
-440.9
-504.1
-205.2
-110.6
-165.4

-75.8

HEAQ IPH)

AT GIVEN OEPTHS
13ce 23CH
=501.1 -172.1
-137.3 ~-l68.7
-766.1 -557.3
=713.4 ~-711.8
=529.2 ~-7¢0.3
-107.6 -ll6.4
-222.3 -2C2.17
-270.0 -222.8
-152.4 ~-178.C
-405.7 =-335.¢
-178.3 -2cCe.l
-502.0 -3€l.)
-€33.0 -S45.5
-550.5 =579.9
-159.1 -2¢C.S
-180.8 =-258.3
-250.8 -273.8
-78.7 -85.9
-128.1 -13e.5
-119.3 -158.7
-94.2 -131.1
-297.7 -25C.E
-385.¢ -278.C
-83.3 -1C8.C
-123.9 -144.9
-402.7 -3le.l
=526.1 -3S4.C
-565.2 -609.6
=113.9 =750.7
-335.3 ~-712.6
-128.5 -4«CC.7

{PH) IN LV
AT GIVEN DFPTFS
13Cr 2 3
-376.4 -410.6
-138.6 ~-l17¢.7
=729.3 -64S.C
-759.9 -762.8
-932.5 -5817.0
-107.2 -103.9
=194.2 ~-175.9
-239.5 -193.C
-139.8 -158.7
=-352.5 -278.4
=130.2 -155.4
-494.C -39C.2
-664.8 -474.4
-638.9 -%5¢28.4
-138.1 ~-l1e9.2
-181.3 ~-?10.¢
-268.8 -269.6
-80.8 -78.3
-121.7 -l24.C
“ll&.7 -1645.)
-94.6 -l127.3
-288.9 -2117.3
-368.4 -239.9
-T4.1 -102.6
-125.6 -134.4
-399.4 -270.1
-534.6 -332.9
-639.7 -479.4
=213.1 -249.¢
=391.9 =-346.)
=155.3 -193.C

117

IN CVF CF wATLR

“6CH

=541.8
-332.1
=E3i7.)
-%02.0
-671.2
-113.1
=139.5
“149.1
-16C.0
-19¢.0
=211.5
-286.8
-368.9
-6ll.2
-357.4
-3p3.6
-363.5

-92.¢
-139.1
=157.1
-145.7
-166.7
-181.8
=204.4
-195.6
=215.17
-2439.9
=347.5

CF wATEWR
4“6Cr

-378.1
-323.7
-224.C
-512.5
-622.2
-104.3
-113.9
-126.1
-138.2
=159.1
-170.0
-234.1
-299.0
-139.2
-314.5
-312.0
-319.9
-128.4
-126.4
-143.2
Sl -5
-151.2
-165.8
-175.5
-172.5
-185.9
-204.4
-310.7
-5€5.7
-475.2
-228.2
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CARRCT PLOTS
1975

EVERY OTHER ROW DRIP TREATMENT EMIVTER LINE ON ROW
TENSIOMETER LOCATION AT EMITTER LINE
REPLICATION AVERAGES

VOLUMETRIC MOISTURE CONTENT (VMCH PRESSURE HEAQ (PH) IN CM CF WATER
AT GIVEN OEPTHS AT GIVEN OEPTHS

SCM 13Cm 23CM “6Cm SCH 13Cw 23Cr “6Cr
0.223 0.172 -218.6 -258.7 -322.4 -203.5

0.249 0.206 -164.0 -145.7 =-163.3 =-ll2.7

0.205 0.139 =345.4 -594.1 -569.C -759.1

0.206 0.154 -322.8 -400.6 -546.4 =-381.0

0.208 0.150 -552.7 -605.0 =-528.4 ~-465.2

0.274 0.205 =53.6 -79.1 -96.3 =90.9

0.260 0.186 =194.3 -167.9 -117.3) -134.9

0.246 0.189 =275.1 -231.5 -158.3 -129.0

0.256 0.192 -154.1 =-123.9 -126.5 ~-l22.7

0.238 0.180 =303.6 =-314.8 -194.7 ~-158.)

0.253 0.179 -l4l.1 -119.7 -132.7 -159.6

0.224 0.165 =516.2 <-418.2 -270.5 =-262.1

0.219 0.164 =81.7 -231.1 -312.4 -254.6

0.224 0.170 -162.0 -228.2 -285.6 =-244.1

0.239 0.174 =113.1 -125.2 -184.7 ~-178.8

0.238 0.175 =113.5 -149.9 -187.2 -171.3

0.238 0.171 =171.3 -208.5 -196.8 -202.3

0.267 0.201 -80.0 -Tl.6 =96.3 -$9.3

0.250 0.195 -103.4 -111.3 =-l142.C -1l12.7

0.244 0.183 -8n.a -94.6 -163.3 ~-147.8

0.256 0.197 -17.5 -82.9 =-124.0 -107.2

0.237 0.183 =373.9 -254.1 -190.5 -139.9

0.236 0.181 ~469.3 -305.& -195.5 -146.2

0.258 0.181 -73.3 -67.8 -119.8 -l&l.4

0.248 0.183 -104.3 -106.7 -149.1 ~-140.7

0.231 0.175 ~416.6 -292.2 -223.2 -1172.5

0.226 0.171 -€56.1 -410.3 -256.7 =-192.6

0.216 0.159 =296.4 -399.0 -345.4 -306.5

0.231 0.158 -85.9 -110.9 -247.5 -322.4

SEPT 15 0.290 0.272 0.214 0.157 -369.3 -291.8 -372.6 -328.7
SEPT 29 0.336 v.307 0.2139 0. 166 =93.0 -111.3 -181.3 -234.5

EVERY CTHER ROw DRIP TREATMENT EMIVTER LINE ON RCw
TENSIOMFTER LOCATION ONEt-HALF ROW FROM EMITTER LINE
REPLICATION AVERAGES

VOLUMETRIC MCISTURE CONTENT (vMC) PRESSURE HEAD (PH) IN CP CF wATER
AT GIVEN OEPTHS AT GIVEN DEPTKS
sCH 13Cm 23CH 46Cr SCe 13CM 23cr 46Cr
0.303 0.284 0.219 0.162 =245.4 -193.0 -358.4 -372.2
0.320 0.290 0.251 0.204 ~l6&.1 -1664.9 =-147.0 -145.)
0.291 0.254 0.202 0.142 =330.8 -6%0.6 -649.8 -€69.9
0.282 0.260 0.204 0.151 =515.4 -517.5 -59L.2 ~-464.8
0.270 0. 252 0.201 0.148 =7264.7 -711.3 -672.8 -542.2
G.340 0.315 0.296 0.195 -79.6 =90.4 =57.8 -114.8
0.315 0.288 0.254 0.195 -178.4 -167.4 -132.7 ~-lll.8
0.1309 0.280 0.251 0.191 -209.8 -206.8 -14C.3 -l12C.2
0.326 0.305% 0.265 0.192 =130.2 -114.7 -103.0 ~-1l18.1
0.291 0.272 0.2317 0.183 =331.6 -276.7 -193.0 -139.9
0. 329 0.307 0.271 0.184 -122.3 -110.1 =91.3 -l42.4
0.279 0.265 0.223 0.175 -522.5 -387.2 -2715.5 -180.9
0.33¢ 0. 282 0.219 0.170 -86.3 -202.6 -314.9 -210.6
C.320 0.276 0.226 0.166 =154.1 -234.4 -279.3 -239.9
0. 328 0.303 0.252 0.174 =123.1 -120.6 -13€.2 -18)3.4
0.32¢6 0.292 0.243 0.189 =129.4 -152.8 -168.1 -127.7
0. 320 0.279 0.234 0.175 =153.3 -213.9 -208.9 ~-175.5
C.340 €. 323 0.28¢2 L. 209 -8l.7 -74.9 =75.4 -88.4
0.332 0. 305 0.2s1 0.204 -106.4 -114.3 -115.2 -95.1
0.3l 0.314 0.258 0.195 =77.1 -94.2 -118.9 ~-1ll.8
0.340 0.319 0.265 0.204 -79.6 -82.9 -102.2 =-95.9
0.295 0.281 0.241 0.192 =306.5 -195.5 -174.2 -119.8
0.287 0.272 0.239 0.185 =-391.5 -282.6 -1€5.9 -13/.0
C. 342 0.327 0.272 0.1846 -74.5 -66.5 -90.C -139.5
0.332 c.3o07 0.254 0.184 -109.7 -108.8 -131.5 -140.7
0.292 0.271 0.232 0.178 =339.6 -302.7 -219.0 -160.4
0.217 0.264 0.226 0.175 =561.5 -418.2 -259.¢ -175.9
0.312 0.261 0.216 0.l167 -219.4 -495.3 -344.6 -227.0
0.331 0.2986 0.230 0.l61 -111.8 -137.7 -233 =-295%.2
0.297 0.271 0.216 0.160 =298.5 -299.3 -34S =-303.2
0.336 0.297 0.231 0.176 =-93.8 -139.8 -22 -175.1
EVERY CTHER ROw ORIP TREATMENT CMITTER LINE ON RCW
TENSIOMETER LOCATION ONE ROW FROM EMITTER LINE
REPLICATION AVERAGES
VOLUMETRIC MOISTURE CCNTENT (VMC) PRESSURE FEAD (P+) IN CM CF WATER
T GIVEN DEPTHS AT GIVEN DEPTHS
SCH 13CM 23Cc~ 46CHM sce 13cr 23Cr 46Cr
UATE
JuLy 21 0.294 0.273 0.232 0.175 =314.9 -269.2 -224.9 -246.6
JULY 24 0.316 0.292 0.259 0.2Ce =175.9 -151.5 -11l6.4 ~-143.7
JuLy 28 0.282 0.255 0.20)3 0. 146 <-502.4 =-622.1 -620.5 =-622.6
JuLy 29 0.286 0.259 0.206 0.149 =457.2 -523.3 -527.1 -496.2
JuLy 31 0.273 0.252 0.203 0.148 -€65.7 -693.7 -629.3 -525.5
Auc 2 Cc.339 0.315 0.2¢5 0.198 -83.3 =90.0 =-101.3 -110.6
ALG 3 0.308 0.281 0.239 0.189 -210.2 -200.1 ~-le€8.s ~-13l.1
ALG - 0.311 0.281 0.244 0.181 -198.9 -216.4 ~-176.7
aLG 5 0.334 0.297 0.262 0.181 =100.1 -134.4 -123.5
avc 7 0.292 0.272 0.233 0.174 =336.6 -298.5 -234.5
AUG A 0. 343 0.305 0.263 G.177 =75.4 -114.7 -115.6
ALG 11 0.286 0.263 0.219 0.168 ~417.4 -443.8 -334.1
ALG 12 0.340 0.275 0.220 0. 164 -79.6 -277.6 -3C2.3
AUG 13 0.314 0.275 0.2131 0.162 -184.7 -245.3 -228.¢
AUG L& 0.330 0.299 0.251 0.170 =l16.6 -134.4 -148.2
ALG 1S 0.326 0.289 0.250 0.184 =131.5 -167.0 -141.5
AUG 18 0.313 0.276 0.230 0.171 -186.3 -238.2 -240.8
AUG 19 0.342 0.315 0.268 0.193 -73.3 -94.2 -iCl.8
AuG 20 0.332 0.299 0.252 0.188 -108.9 -133.1 ~-l142.C
auG 21 0.345 0.307 0.243 0.185 ~64.1 -114.7 -170.4
auLG 22 0.343 0.311 0.257 0.186 -69.1 -103.8 -126.0
ALG 25 0.296 0.271 0.231 0.180 =3C4.8 -296.4 -232.8
AUG 26 0.287 0.267 0.230 0.182 =403.2 -357.1 =-23s&.9
ALG 27 0.345 0.315 0.263 0.185 -62.8 -92.9 -1l11.C
AUG 29 0.336 0.298 0.248 0.181 -93.8 -13%.5 -152.¢
SEPT 2 €.295 0.267 0.225 0.187 =329.5 =-354.2 -213.0
SEPT 3 0.283 0.261 0.218 0.191 ~482.7 -483.5 -337.5
SEPT & 0.296 0.259 0.212 0.163 =305.2 -528.8 -421.6
SEPT 15 0.324 0.3c0 0.233 0.154 -158.3 -143.2 -217.7
SEPT 15 0.306 0.271 0.214 0.156 ~242.4 -299.7 -373.1

SEPT 29 0.336 0.293 0.227 0.175 =92.1 -161.2 =-267.6




SPRINKLER TREATMENT

TENSIOMETER LOCATION

VOLUMETRIC MOISTURE CONTENT (vmC)
AT GIVEN DEPTHS

scw

0.340

13CH

0.279
0.301
0.255
0.256
0.257
0.317

CARROT PLOTS
1975

IN CARROT ROW

REPLICATION AVERAGES

23cm

0.227
0.255
0.229
0.214
0.214

SPRINKLER TREATMENT

TENSIOMETER LOCATION ONE

VOLUMETRIC MOISTURE CONTENT (VMC)
AT GIVEN DEPTHS

13Ccm
0.286

0.30S
0.257

0.3c0

PRESSURE
46CH SCm
0.150 -129.4
0.147 -109.3
0.145 -736.5
0.142 -550.9
0.143 -633.5
0.219 -82.1
0.206 -290.6
0.206 -428.7
0.194 -205.2
0.181 -436.7
0.173 -134.4
0.168 -200.6
0.178 -70.4
0.165 -146.1
0.164 -87.9
0.166 -108.5
0.169 -91.3
0.220 -67.0
0.206 -112.2
0.191 -64.1
0.196 -69.5
0.185 -5C9.1
0.1083 -593.3
0.181 -87.1
0.187 -95.1
0.178 -481.9
0.176 -654.8
0.163 -288.9
0.155 -88.4
0.153 -378.5
0. 164 -79.2

REPLICATION AVERAGES

23cm

0.211
0.250
0.206

PRES SURE
46Cw SCw
0.147 -276.8
0.152 -110.6
0. 148 -174C.6
0.147 =350.4
0.149 -396.1
0.213 -71.6
0.197 -173.8
0.193 -221.1
0.184 -301.0
0.1081 -428.3
0.175 =339.1
0.177 -210.6
0.164 -100.9
0.170 -167.1
0.169 =103.4
0.170 -126.9
0.179 -148.2
0.228 -64.5
0.210 -103.9
0.194 -75.8
0.199 -67.4
0.188 =-320.3
0.185 ~449.7
0.183 -99.2
0.192 -100.9
0.178 =-319.5
0.180 -538.8
0.166 -260.0
0.154 -110.6
0.153 -255.0
0.166 -108.0

HEAD (PH)
AT GIVEN OEPTHS

1300

=291.4
-127.7
-627.1
-590.7
-583.6

-85.4

-287.2
-125.2

ALF ROwW FROP CARROT ROW

HEAD (PH) IN CP
AT GIVEN DEPTHS
13cv 23Cr
-278.C¢ -539.3
-118.5 -150.3
-580.7 -547.6
-726.4 -S64.4
-691.2 -716.8
-02.5 ~80.4
-141.9 -121.4
-168.3 -130.7
-211.4 -157.9
-272.9 -188.C
~140.7 -171.7
-211.0 -l167.5
-223.5 -180.1
-204.7 -253.3
-89.2 -113.9
-107.6 ~-115.2
-152.8 -157.9
-42.7 -46.9
-89.2 -93.8
-89.2 -l121.0
-68.2 -93.0
-203.9 -173.4
-259.1 -193.9
-176.7 -205.2
-92.5 -124.0
-260.4 -220.2
-409.9 -241.2
-527.9 -3871.1
-93.8 -510.0
-216.8 -3l6.1
-127.3 -253.3

23cr

=327.4
-134.4
=311.9
-440.5
-434.2

-59.9
-121.4
-136.9
-162.9
-198.5
-155.4
-190.5

In C»

CF WATER
a6y

-519.6
-556.5
-588.7
-674.1
~654.8

-1.7

-92.2

-93.0
-113.9
-146.2
-181.3

CF WATER
a6Cr

-554.8
-484.9
=517.9
-557.3
=494.5

-80.4
-107.2
-115.6

-161.2
=250.4
-198.1
-209.0
-200.6
-155.4

-62.4

-84.2
-117.3
-103.0
-132.8
-14s.1
-151.6
-117.7
-167.1
-149.5
-245.8
-409.5
-441.3
-237.9
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EVERY ROW DRIP TREATMENT
TESIOMETER LOCATIOIN AT EMITTER LINE

VOLUMETRIC MOISTURE CONTENT [vMl)
AT GIVEN DEPTHS

aC™

0.360
04329
0.270
0.263
0.279
8.337
0. 294
0. 2u5
0. 00
w.ere
0. 311
.27l
0.2H3
G.283
0. 309
0.309
0.292
0.335
0. 318
0.335
0.336
aur 49 0.2K1
AN o 0.274
AuG 27 0.334
AL 24 0.3)34
st 2 C.2n6
SEeT 3 0.21%
SFPT ¢ 0.295
SEPT g 9.329
SLPT LS 0,293

FVeRy RCw DRIP TREATMENT

13Cm

0.322
0.311
0.262
U.256
0.265
0.320
0.274
0.270
0.277
04259
0.2746
0.252
0.25%
0.267
0.280

ONION PLOTS
1975

REPLICATION AVERAGES

232

0.28¢
0.267
0.226
0.212
0.228

9.291
0.218
0.207
0.236
Vo214

45CH

0.200
0.211
0.183
0. 17
0.180
0.226
J.203
0.201
0.136
0.18%
0.181
0.170
0.16%
0.162
e L 64
0.164

PRESSURE

5Cm

-3Sa2
~i18.5
-121.0
-748.6
=531.3

-89.2
-329.1

EMITTER LINE ON ROW

HEAD [PH)
AT GIVEN
13Cm

-88.23
-10J.9

IN Cm
DEPTHS
23Cn

~643,.3 =255.4
=-609.1 -391.5
=377.2 =242.6

=19.9

=639.7 -578.2
-8l3.7 -572.8
~6l2.8 -l68.3
=271.7 -272.06
=313.8 =-342.9
-68.6 -85.0
=106.7 ~-134.0
“llles =-157.9
-72.8 =1ll7T.7
-345.0 -237.8
-452.6 -264.2
~89.6 ~-156.2
-165.8 -185.9

~437.1 -328.3
-564.3 -517.9
-363.0 -225.7
=365.8 -367.6

EMETTER LINE ON ROW

TONSIOMETE? LOCATIIN OVE-HALF 0w FRIM EMITTER LINE
REPLICATION AVERAGES

VILUMLTRIC OTSTURE CONTENT

AT GIVEN DEPTHS

sce

13Cm

0.322

23Cn

0.288
0.265
0.227
0.22)
0.229
0.271
J.251

46CM

0.209
0.213
0.184
0.175
D.180
0.219
D.206
0.201
0.196
0.18%
0.184
0.170

[N 9)

PRESSURE

HEAD (PH)
AT GIVEN
13Cn
-86.2
“115.9 =
-436.6 -
-584.9 -

IN Cn
DEPTHS
23CH

=69.9

OF WATER
46CH

-101.0
-84.6
-137.8
~165.0
-150.8
-67.9
-87.1
=98.0
-108.9
=133.6
-l147.8
=200.6
-2371.0
=¢65.1
-252.9
-24%.6
-237.0
-162.0
-121.0
=131.1
-106.8
=129.4
-166.6
=154¢ 5
=l167.1
-152.9
-180.1
=202.6
-322.8
=319.5

OF WATER
46CM

=91.3
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ONIDN  PLOTS
1975

EVERY OTHER ROW ORIP TREATMENT
TENSIOMETER LOCATION

EMITTER LINE IN BETWEEN ®OW
T ENMITTER LINE

REPLICATIDN QVERAGES

VILUMETRIC MOISTURE CONTENT (VMI)
AT GIVEN DEPTHS
S5Cm 13CH 23Cm 4sCH

DATE

JuLy 21 0.286 0.276 0.245
JULY 24 0.326 0.301 0.261
JuLy 28° 0.260 0.243 0.228
JuLy 29. 0.271 0.259 0.218
JuLy 31 0.267 0.254 0.213
AUG 2 V.339 0.318 0.270

0.295 0.279 0.251

J.158

EVERY OTHER ROW ORIP TREATHMENT

PRESSURE HEAD (PH) IN CM OF WATER
AT GIVEN OEPTMS

EMITTER LINE |V BETWEEN ROW

13Cn

-254.9
-125.2
-437.5
=530.6
-652.7

~-84.5
-223.1
-290.1
-216.8
-545.5
-249.1
~636.4
-718.0
-630.4
-352.5
-332.0

-459.7
-56%.2
“615.4
-169.5
-436.2

TENSIOMETER LOCATION OME =HALF ROW FROM EMITTER LINE
REPLICATION AVERAGES

VOLUMCTRIC MUISTURE CONFENT (vaC)
AT GIVEN DEPTHS
SCm 1iCm 23Cm 45CH

0.288 0.217 0.243 0.194
0.326 0.301 0.261 0.203
0.271 0.263 0.221 0.17%
0.268 0.260 0.21% dal 77

auG 11 0.267 0.257 0.218 del7s
aun 12 0.267 0.25¢ 0.213 0. 168
AuG 13 0.267 0.252 0.212 0.l66
aUG L& 0.288 0.287 0.232 0.171
auf 15 0.284 0.2715 0.229 d.179
AUG 18 0.280 0.265 0.220 0.167
AUG 19 0.343 0.326 0.289 2. 191
AUs 20 0. 326 0.313 0.258 0.190
aun 21 0.381 J.301 0.252 0.188
AUG 22 0.3s1 0.311 0.267 0. 198
AUG 25 0.279 0.268 0.229 0.188
AUG 26 0.271 0.266 0.227 0.177
AUG 27 0.362 0.302 0.261 0.181
aAUG 29 0. 326 0.293 0.245 0. 184
SEPT 2 0.274 0.26%5 0.e32 0.177
SePT 3 0.263 0.260 0.222 0.172
SEPT & 0.272 0.25% 0.208 0.165
SEPT 12 0.329 0.286 0.241 0.163
SEPT 15 0.288 0.264 0.216 0.162

EVERY OTHER ROW DRIP TREATMENT

PRESSURE
SCm

EMITTER LINE IV BETWEEN ROW

HEAD (PH) IN CH
AT GIVEN DEPTHS

13Cm

-247.0
-126.0
~469.6
=519.5
~666.9

2

=176.1
-406.9

TENSIOMETER LOCATION OnE ROW FROM EMITTER LINE
REPLICATIOY AVERAGES

VYOLUMETRIC “OISTURE COMTENT (vMC)
AT GIVEN DEPTHS
SCM 13Cm 23CH 46CH

0.296 0.279 0.240 0.191
0.327 0.306 0.256 0.205
0.272 0.265
0.27s 0.259
0.268 0.253
0.338 0.315
0.291 0.281
0.281 0.276
0. 306 0.283
0.271 0.261
0.307 0.280
0.267 0.258

SEPT 12 0.322 0.282
SEPT 1S 0.284 0.264

PRESSURE HEAD (PH)
AT GIVEN DEPIHS

SCm

13Cm
=229.0

23Cn

-159.1
=113.1
-273.6
=329.1
-399.0

=-90.0

~459.3
=391.9

23Cm

~165.4
-112.2
=309.4
=3508.4

-165.0
-215.6
-297.3
-567.2
-174.2
-385.2

23CH

-180.1
=125.¢

In Cn

46CH

=109.3
-9l.7
=106.7

OF WATER

“6CM

OF WATER

46CH

=119.s

122
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ONION  PLOTS
1975

EVERY OTHER ROW ORIP TREATMENT EMITTER LINE ON ROW
TENSIOMETER LOCATION AT EMITTER LINE
REPLICATION AVERAGES

VOLUMETRIC MOISTURE CONTENT (VWMD) PRESSURE HEAD (PH) IN CM OF WATER

AT GIVEN UEPTHS AT GIVEN OEPTHS
SCH 13Cm 23CmH 46CH k1] 13Cn 23Cmn 46CH
OATE
JuLy 21 0.308 0.283 0.232 0. 159 -247.0 ~-193.8 -237.0 -312.0
JuLy 24 0.325 0.300 0.261 0.209 -133.2 -127.7 -11l3.1 =84.6
JuLY 28 0.268 0.264 0.230 0.185 =784.2 -395.2 =-228.6
JuLy 29 0.271 0.259 0.217 0.178 -678.3 -532.1 -327.8
JuLy 31 0.268 0.257 0.213 0.183 -762.4 -587.4 <-378.9
AUG 2 0.338 0. 311 D.275% 0.226 -88.8 -100.9 -082.5
AUG 3 0.287 0.272 0.250 0.206 -401.9 -278.8 ~-l46.l
AUG . 0.282 0.268 0.2645 0.203 ~4764.8 =-333.7 ~-1%59.5
AUG S 0.300 0. 280 0.253 0.203 =-290.6 -208.1 ~-134.0
AUG 7 0.2713 0.260 0.228 0.180 ~648.5 -493.6 -242.0
- AUG 8 0.289 0.277 0.250 9.182 -4%2.2 -258.7 ~-l&8.2
AUG 1) 0.268 0.261 0.222 0.175 =191.3 - 2 =-209.7
AUG 12 0.269 0.25%5 0.219 0.169 -758.6 -626.3 <-319.9
AUG 1) 0.276 0.258 0.216 0.165 ~622.2 <=54%.7 -340.4
AUG 16 0.322 0. 286 0.251 J.190 ~149.5 -173.3 ~-137.3
AUG 1S 0.316 0.282 0.235 0.193 =-200.9 =-200.6
AUG 18 0.298 0.275 0.250 0.198 -259.6 -141.5
AUG 19 0.336 0.320 0.283 0.220 -82.0 =7l.2
AUG 20 0.316 0.29¢ 0.255 0.203 -150.3 =-131.9
AUG 21 0.332 0.303 0.255 0.201 -126.0 =-129.0
AUG 22 0.335 0.313 0.264 0.206 =97.5 -106.¢
AUG 25 0.279 0.269 0.237 0.191 =323.6 =-196.0
AUG 26 0.272 0.270 0.241 0.188 -297.2 ~-176.3
AUG 27 0.340 0. 320 0.250 0.187 -80.4 ~-154.1
aUG 29 0. 320 0.298 0.250 0.193 -136.5 <-147.8
SEPT 2 0.278 0.270 0.235 0.183 -306.0 -206.8
SEPT 3 0.272 0.265 0.22% 0.176 -378.5 =-210.9
SEPT & 0.281 0.261 0.213 0.159 -463.0 ~-405.3
SEPT 12 0.295 0.287 0.227 0.158 -171.6 =254.2
SEPT 1S 0.285 0.266 0.217 0.162 -370.5 =335.4
EVCRY OFHER ROW DRIP TREATWENT EMITTER LINE ON ROW
TENSIOMETER LOCATION JINE-HALF 20w FROM EMITTER LINE
REPLICATION AVERAGES
VILUMETRIC MOISTURE CONFENT (VML) PRESSURE HEAD (PH) IN CM OF WATER
AT GIVEN OEPTHS AT GIVEN DEPTHS
SCH 13Cmn 23CH 46CH SCH 13Cmn 23Ch 46CH
DATE
JuLy 21 0.310 0.290 0.232 0.167 =177.9 -221.1 =-270.5
JUuLY 24 0.328 0.303 0.259 0.207 =119.7 -91.3
JULY <8 0.275 0.265 0.229 0.183 =376.0 -139.5
JuLY 29 0.271 0.258 0.212 0.179 ~558.5 =1564.5
JuLy 31 0.269 0.256 0.213 0.174 -591.6 =175.1
AUG 2 0.339 0.317 0.276 0.217 -85.4 -75.8
AUG 3 0.297 0.277 0.267 0.204 -232.8 =94.3
AUG . 0.290 0.272 0.25% 0. 200 -286.8 =10l.s
AUG S 0.297 0.275 0.247 0.200 -261.6 -103.0
UG 7 0.274 0.257 0.226 0.188 -571.9 =126.1
AUG 8 0.271 0.270 0.239 0.189 =332.8 =124.8
AUG 1L 0.274 0.261 0.221 0.175 -491.9 -175.9
AUG 12 0.267 0.256 0.220 0.166 -50808.2 -235.3
AUG 13 0.268 0.258 0.216 D.166 =545.5 =233.3
AUG 16 0.313 0.275 0.236 0.176 =266.2 -167.1
AUC 1S 0.328 0.279 0.238 0.180 =2146.3 =156.5
AUG 18 0.303 0.278 0.238 0.185 -216.0 -138.6
AUG 19 0.362 0.325 0.284 0.211 =69.1 -85.9
AUG 20 9.32% 0.303 0.256 0.201 -120.6 -10s.7
AUG 21 0e366 0.307 0.258 0.200 =114.3 ~10s.7
AUG 22 0.342 0.317 0.268 0.204 -86.2 ~-98.0
AUG 2% 0.283 0.274 0.238 0.192 =256.2 =119.0
AUG 26 0.217 0.273 0.237 0.187 =265.0 =-130.7
AUG 27 0.382 0.320 0.276 0.184 -80.4 -142.8
AUG  ¢9 0.330 0.306 0.250 0.189 -117.6 -128.6
SEPT 2 0.281 0.2712 0.236 0.182 ~285.5 =150.6
SEPT 3 0.276 0.267 0.22%5 0.175 =347.5 -173.8
SEPT o 0.2864 0.265 0.211 0.158 -395.2 =336.1
SEPT 12 0.329 0.29¢ 0.233 0.162 =146.1 -268.4
SEPT 1S 0.230 0.269 0.221 0.163 =319.0 -258.0
EVERY OTHER ROW DRIP TRCcATMENT EMITTER LINE IN ROW
TENSIOMETER LOCATION ONE ROW FROM EMITTER L INE
REPLICATIDN AVERAGES
VOLUMETRIC MOISTURE CONTENT (vMZ) PRESSURE HEAD (PH) IN CM OF WATER
AT GIVEN OEPTHS AT GIVEN OEPTHS
SLM 13Cn 23CH A5CH SCH 13Cm 23CH a6CH
0.316 0.286 0.236 0.170 -185.5 <-198.4 -206.0 -312.8
0.328 0.305 0.261 0.210 =121.6 =116.7 ~-lll.& -084.6

0.277 0.265 0.229 0.182
0.275 0.258 0.225
0.273 0.256 0.219
0.335 0.319 0.274
0.296 0.276 0.248
0.291 0.271 0.242
0.313 0.275 0.248
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INION  PLOTS
1978

SPRINKLER TREATMENT
TENSIOMETER LOCATION IN ONION ROW
REPLICATION AVERAGES

VOLUMETIRIC MOISTURE CONTENT (vMC) PRESSURE HEAD (PH) IN CM OF WATER
AT GIVEN OEPTHS AY Gl VEN DEPTHS

sCw 13Cn 23Cm a5Cm SCm 13cm 23Cn 46CH
0.303 0.276 0.235 0.191 ~286.6 -247.6 -210.2 =-121.9
0.328 0.30% 0.259 0.19% =122.7 -114.7 -118.5 ~-lll.&
0.269 0.25% 0.217 0.180 ~753.6 -628.8 -334.1 ~-l47.8
0.270 0.249 0.218 0.176 ~T16.6 -778.3 -334.1 ~-167.5
0.269 0.249 0.211 0.175 ~739.8 -7664.5 -431.7
0.340 0.321 0.276 0.212 =79.6 ~TT7.4 ~85.4
0.291 0.280 0.25%0 0.201 =358.4 -213.9 -140.7
0.281 0.268 0.236 0.200 -21l.5
0.298 0.26% 0.230 0.193 -231.5
0.271 0.25% 0.218 0.190 -323.2
0.287 0.251 0.215% 0.18¢ -354.2
0.268 0.267 0.213 0.177 -378.9
0.268 0.247 0.211 0.175 =409.9
0.273 0.267 0.212 0.17s ~-399.0
J.296 0.247 0.218 0.L72 -347.1
0.290 0.272 0.223 2.173 -29%.2
0.280 0.267 0.223 0.177 =300.2
0.343 0.336 0.284 0.181 ~69.9
0.326 0.29% 0.256 0.189 -124.8
0.337 0.309 0.252 Jd.187 =139.¢
0.338 0.318 0.266 0.191 =100.5
0.281 0.272 0.231 0.187 -225.7
0.276 0.267 0.231 0.183 ~224.46
0.332 0.268 0.233 d.182 -2l6.0
0.328 0.293 0.249 0.181 -166.1
0.281 0.269 0.231 0. 180 -224.9
0.276 0.265 0.423 0.178 -286.0
0.287 0.261 0.21% J.173 -369.3
0.331 0.278 0.229 0. 168 ~260.4
0.290 0.271 0.220 0.1é8 -320.7
SPRINKLER TREATMeNT
VENSIOMETER LOCATION ONE=-MALF Q0w FROM ONION ROw
REPLICATION AVERAGES
VOLUMETRIC MOISTURE CONFENT (VMZ) PRESSURE HEAD (PH) IN LM OF wATER
AT GIVEN DEPTHS AT GIVEN DEPTHS
SCw 13¢™ 23Cn asCm SCH 13Cm 23CM 46Cm
0.306 0.269 0.237 0.182 -227.8 -333.2 -196.0 <-l46.6
0.330 04323 0.251 ~113.9 ~-118.9 -140.3 ~-il6.9
0.268 0.251 0.208 =776l -T722.2 -487.64 -l42.8
0.270 0.249 0.217 ~738.6 -180.1
0.269 0.249 0.213 -7%¢.0 -180.1
0. 340 0.320 De.266 ~-80.4 =175.0
0. 30% 0.280 0.261 =255.4 =90.1
0.285 0.269 0.235 =9l.7
0.295 0.260 0.222 -105.6
0.272 0.256 0.213 -107.7
0.2713 0.252 0.211 =131.9%
0.267 0.250 0.211 -138.2
0.267 0.249 0.208 -162.%
0.268 0.248 Jd.208 -170.5
0.33% 0.27% J.203 -i172.%
0.326 0.276 0.21s -165.0
0. 30¢ 0.267 0.218 -138.6
V. 362 0.326 0.217 -126.5
0.327 0.321 0.251 -106.8
0.338 0.311 0es246 =-1l0.2
0.337 0.328 0.258 =96.3
0.279 0.266 0.230 -120.2
0.273 0.261 0.231 =131.1
0.323 V.263 0.231 =121.0
1649

-434.1 -234.1 -ls46.6
-478.1 -222.8 -l122.3
-648.1 -353.0 <-169.2
-113.0 -230.7 -210.2
=394.4 -310.7 -271.8
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Table Cil. Volumetric Meoisture Content at Yarious
Depths in the Carrot Plots, 1974.

Soil Depth Treatment = i
Date Increment cvery Row Every Other Sprinkler
(cm) Drip Row Drip
June i 0-15 222 22 .7 38.4
15-20 o7 .B LB .Y
30-46 27.3 24.0 16.8
June 27 0-15 2F. 1 .6 16.4
15-30 28.4 26.7 19.7
30-46 26,1 23.3 5.2
July 5 0-15 W 22.8 g0 #
15-30 28.5 26.6 3 i
30-46 25.1 22.% 13.
July 11 0-15 29.4 23.8 20.%
15-30 8.2 26.1 18.0
30-46 23.4 22.0 11.6
July 18 0-15 27.9 23.4 16,0
15-30 29.2 24.9 ig.2
30-46 302 20.0 ®.B
July 26 0-15 26.0 22.8 ir.é
15-30 26.6 24.9 18.6
30-46 21.8 20.5 2.1
August 2 0-15 27.9 22.1 19.3
15-30 27.8 24.4 17.2
30-46 238.4 21.% iR.1
August 8 0-15 21.8 18.8 16.7
15-30 22.0 20.7 14.6
30-4¢ 12.4 .2 2.8
August 16 0-15 22.8 2E. 5 17.9
15-30 26.4 26.4 20.2
30-46 g2.2 £8.8 16.6
August 22 0-15 22.8 24.9 18.2
15-30 27.09 26.0 i9.8
30-46 23.% 2.5 16.1
Septembier 3 Q-15 20.9 i9.0 14.0
15-30 18.9 20.7 12.9
& 3C-4% 13.4 13.4 35




Table 2.

Volumetric Moisture Content

=
(738

Depths in the Onion Plots, 12/4.
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Soil Dzpth Treatment
Date Increnment tvery Row Every Other Sprinkler
(cm) Drip Row Drip
June 18 0-15 23.2 22.7 18.4
15-30 27.8 27.8 25.1
30-46 P 24.0 16. &
June 27 0-15 2.1 19.6 16 &2
15-30 V. W 26.8 20.8
30-46 24.0 24.% 18.0
July & 0-15 g2.7 21.0 17.¢
15-30 28.4 28.9 gl.2
30-46 a3.7 2248 20.1
July 11 0-15 28.4 20.0 21k
15-30 29.7 27.0 17.9
30-46 a3.7 23.2 26.6
Juily 18 0-15 26.7 2.2 17.9
15-30 29.6 gy . b 22.0
30-46 2475 23.6 20.8
July 28 0-15 29.8 209 17.6
15-30 a8 86.2 19.1
36-46 2.9 23.6 $5.2
August 2 0-15 23.56 8.2 7.8
15-30 29.4 @5. 1 21.8
30-46 24.2 2 . s .
Aucust & 0-15 21.4 by | 14.9
15-30 ds. 4 21.8 16.8
30-46 20 .2 205 16. 4
August 16 0--15 21.6 20.3 155
15-30C 26.6 26.1 20.72
36-45 21.4 28.4d 3.7
August 22 0-15 224 24 18.0
15-30 2740 86.& 15.7
30-46 21.5 22.0 18.0
September 2 C-15 21.8 20,0 16.0
15-30 26.0 26.1 17.9
3C-16 2.8 22.6 378
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APPENDIX D
INDIVIDUAL PLOT YIELDBS
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Table D1. ‘Indiwidual Plot Yields for Carrots, 1974,

Flot Yield
Treatment Number metric ton/hectare bu*/acre

Y. 95 & 985
Every Row Drip 4 61.1 1091
3 53.9 962
9 54.6 i
3 Q782 L%
Every Other Rew Drip 5 42.6 750
Emittar Line Between Rous 6 £5.8 81
7 48.5 565
10 42.9 785
g 56.6 1010
Sprinkler LY. 501 2 as¢é
18 54. 3 45
14 46.9 837

* One bush2l is censidered to weigh 50 1b.

Teble 02, Individual Plot Yields for Omions, 1374,

Treatpeny Mumber yetric ton/hectare cagqs*/acre
A e = ST et - =S e =

442
450
450
454

24.
25,
£5.
24.

Every Row Drin

O OO N -

25. 452
15 274
Every Masr Kow Drip 21 382
fwitter Line detween Rows 304

336
332

—a

1t ¥9.
Sorinkler 16 4 K
i3 26.
18 24

356
284
430
440

O NS
—
~
M O N0 A O ™»Ww w O NN S

)

* (One bag is comzidered to weigh 50 1b.

[




Table D3. Individual Plot Yielas for Carvots, 1975.%

Pilot Yield =
Treatment Numder netric ton/hectare bt facre
4 111.38 1995
8 118.5 2114
1 8 10372 184z
il 192:7 1833
i 103.4 1845
3 106.4 1896
g 9 104.2 1859
12 26 42 (=
2 109.6 1866
& mz 2089
3
7 94.6 1583
10 106 ‘e 1894
=9 86.0 1545
30 86€.8 1548
» 31 82.56 1472
£ @38 1495

¥ One bushzl 4s considered to

¥

eigh 50 1b.

* To aceount for excess #0il and feliage on the carrcts, ithe wigids in
this tabie are veported as 5% lezs than the gross yield mweasuremencs.
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Teble D4. Individual Plot Yields for Onions, 1975.
Plot Yield
Treatpeci ‘lumber metric_ton/nectars bags*/acre
17 61.0 1088
19 75.2 1342
1
23 70.0 1243
24 70.9 1265
13 63.9 1136
15 54.0 963
2
13 61.6 1030
20 57.9 i033
14 62.0 108
16 L] Y4 91d
3
2i 65.0 1160
22 64.2 1145
25 96.8 926
28 38.% 19es
L 4
B 56..5 1008
2€ 48.5 566

>~ One bag 13 considered to weigh 50 1b.
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Table [-5. Individual Row Yields for Cav¥rots for
Treatment Number 3, 1975.%
Yield™ (ko/m cof row lergth)
Plot Number row with emitier 1ine row without emitter line

7 3.71 2.8

2.90

13 4.29 3.36
3.16

Averace 4.00 3.0h

* Only two of the four plots for this treatment were harvested and
weighed by rows because of mixing problems encountered with the
carrot digger.

Tne middle row of each piot (row with the emitter Vine) and fhn
tws rows adjacent to the middie row (rows without the emitte
iine) were harvested for yield.

Table D-6. Individual Row Yields for Onions
tor Treatment liumber 3, 1975.

Yieid* (kg/m of row length)

Piot Nurber vow with emitter line rcw without emitter line

14 20 1.08
1,68

16 2.26 1.39
1.16

21 2.85 1.593

5. 76

22 2.72 1.59
1.98

Averace Z2.63 1.53

h plot (row with the eﬂ'*ter ]|P°) and the
the middig row (rows without the emitter
for yield.

* The middie row cof &
Low rows adiacent te
Time ) ware nervested
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APPENDIX E

SAMPLE OF THE ORIGINAL TEMSIOMETER

DATA FOR TREATMENT 2 IN 1975

Abbreviations Used in the Appendix

CH
CEm
i 8
7:-5
PH
TH
TH

Y

Centimeters

Cumulative tctal moisture
Dewnviard gradient

Inches

Pressure head

Total head

Total oistuvre

Voiumetric moisture contant

e
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CARROT PLOTS

19

EVERY CTHER RCw ORIP TREATMENT

5

EMITTER LINE
TENSICHETER LOCATION AT EMITTER LINE

AUG 5 1400 HOURS

PLCT CEPTH  PH ™
cw c™ c™

) S -110.6 -115.6
13 -96.3 -109.3
231 -ll6.4 -139.4
a6 -127.31 -173.3

5 -108.0 -113.0
3 -Fgey -1¢s.3
2) -174.2 -191.2
46 -119.8 -165.8

12 5 -125.6 -130.6
13 -112.6 -125.6
23 -121.4 -144.4
46 -117.3 -163.)

vMC

0.3)
0.31
0.26
0.19

0.33
0.31
0.24
0.19

0.33
0.31
0.26
0.19

AVERAGE VALUES OF THE THREE PLOTS

VMC AT S (v = 0.330 8

CH s

23 Cw = 0.25) 46 CH =

PH AT 5 C¥ = -116.7
23 (v = -137.)

OCWNWARC GRADIENT 5-13 (M =
23-46 C» = 0.31

TOTAL MCISTURE IN S CM PROF
13 C» PROF
23 CM PROF
46 CH PROF

0.0

ILE
ILE
ILE
ILE

13 CH = -106.7
46 CH = -121.9

™ (L)
IN IN
lol? 1.17
1.11 2.28
1.69 3.97
1.70 5.66
1.18 1.18
1.08 2.26
1.57 3.83
1.1y 5.56
1.16 .16
1.08 2.24
1.67 3.91
1.74 5.66

0. 308
0.191
1323 CM =
0.65 INCHES
1.71 INCHES
2.26 INCHES
4. 76 INCHES

CARROQT PLOTS

19

IN BETWEEN ROW  gygRy CTHER RCW DRIP TREATMENT
TENSICMETER LOCATION ONE-HALF ROw FROM EMITTER LINE

15

EMITTER LINE IN BETWEEN ROW

AUG 5 1400 HOURS

06 PLCT CEPTH  PH ™ VMC ™ (4]
(43 (43 (4] IN N
12. 84 1 S -156.3 -163.3 0.32 1.13 1.1}
-0. 70 1y -113.9 -126.9 0.31 1.08 2.21
1.83 23 -151.6 -174.6 0.25 1.61 3.82
1.47 46 -114.8 -160.8 0.19 1.75 5.57
12.56 9 S -157.0 -162.0 0.32 1.1} 1.1}
1.26 13 -154.0 -167.0 0.29 1.03 2.16
4 &2 23 -174.2 -197.2 0.24 1.57 3.73
-1.3? 46 -123.6 -169.6 0.19 1.72 S.46
1s.51 12 5 -131.9 -136.9 0.33 1.15 1.15
-0.56 13 -134.0 -147.0 0.30 1.05 2.20
1.14 23 -130.2 -153.2 0.25 1.65 .85
0. 82 46 -117.3 -163.3 0.19 1.76 5.60
AVERAGE VALUES OF THE THREE PLOTS
VEC AT 5 CM = 0.321 13 v = 0.298
23 Cr = 0.247 46 CM s 0.192
PH AT S CM = -149.1 13 C» = -134.0
23 CF = -152.0 46 CM = -118.5
4.06 CCWNWARL GRACIENT 5-13 CM = -0.89 13-23 (M =
23-46 Cv = -0.46
TOTAL MCISTURE IN S CM PROFILE = 0.63 INCHES
13 C PROFILE = 1.66 INCHES
23 CM PROFILE = 2.19 INCHES
46 CM PRCFILE = 4.67 INCHES

DG

10.14
-4.05

2.89
-0.60

16.00
0.56
1.8
~1.20

15.21
1.12
0. 38
0.4¢

2.81

CARROT PLOTS

1975

EVERY OTHER ROWw DRIP TREATMENT EMITTER LINE IN BETWEEN ROW

TENSICMETER LCCATION ONE ROW FROM EMITTER L INE
AUG 5 1400 HOURS

PLCT DEPTH PH TH LL]19
(] cm (]
1 5 =-320.3 -325.3 0.29

13 -189.2 -202.2 0.28
23 -152.8 -175.8 0.25
46 -116.0 -162.0 0.19

9 5 =-286.4 -291.4 0.30
13 -194.2 -207.2 0.28
23 -243.3 -266.3 0.2)
46 -212.7 -258.7 0.17

12 5 =-2560.8 -263.8 0.30
13 =-179.2 -192.2 o0.20
23 -130.2 -153.2 0.2%
&6 -TI1°3 -169.9 09

™
IN

1.03
1.00
1.60
1.75

1.05
1.00
1.48
1.52

1.06
1.0t
1.65
L.7¢

AVERAGE VALUES OF THE THREE PLOTS

VMC AT S C¥ = 0.296 13 CH =
2) (M = 0.24) 46 Cn

PH AT 5 Cw = -288.5
23 CP = -175.4

0.28)
0.185

13 CH = -187.5
46 CH = -148.7

DCWNWARC GRADIENT S-13 CM = -11.62

23-46 C¥ = -0.16

TOTAL PCISTURE IN S CM PROFILE
13 CM PROFILE
23 CM PROFILE
46 CM PROFILE

0.58 INCHES
1.55 INCHES
2.05 INCHES
4.46 INCHES

cTm
IN

1.03
2.03
3.64
5.38

1.0%
2.04
3.52
5.05

1.06
2.07
3.72
Seab

13-23 Cu =

06

36. 14
-13.68
=1.60
-0.60

32.38
=9.35

3.56
-0.33

29.31
=-7.9%
=2.38

0.44

-0.21

GET




CARROT PLOTS CARROT PLOTS CARROT PLOTS
1975 1975 1975

EVERY OTHER ROW DRIP TREATMENT  EMITTER LINE IN BETWEEN ROW  EVERY CTHER RCw DRIP TREATMENT  EMITTER LINE IN BETWEEN ROW  EVERY CTHER ROW DRIP TREATMENT  EMITTER LINE IN BETWEEN ROW
TENSICMETER LCCATION AT EMITTER LINE TENSICMETER LCCATICN ONE-FALF ROw FROM EMITTER LINE TENSIOMETER LOCATION ONE ROW FROM EMITTER LINE
AUG 7 1100 wOURS AUG 7 1100 HOURS AUG 7 1100 HOURS
PLCT CEPTH Pk ™ vMC ™ (4] DG PLCT DEPTH  PH T VMC ™ (30 0G PLOT CEPTH  PH TH VMC ™ [41] 06
c cn c IN N cw (4] ({7} IN IN (4] cr (4] N IN
| S -290.2 -295.2 0.30 1.05 1.05 32.80 I S =-731.0 -736.0 0.27 0.95 0.95 81.78 i S =-537.6 -542.6 0.28 0.99 0.99 60.29
13 -288.4 -30l.4 0.27 0.96 2.0l 0. 70 13 -363.8 -376.8 0.27 0.94 1.89 -39.91 13 -267.1 -280.1 0.27 0.97 1.95 =29.17
23 -193.0 -216.0 0.24 1.564 3.54 -5.18 23 -270.9 -293.9 0.22 l.46 3.35 -5.02 23 -201.8 -224.8 0.23 1.53 3.48 -3.35
46 -148.7 -194.7 0.18 1.63 S5.17 -0.93 46 -137.4 -183.4 0.18 1.66 5.0l -4.81 46 -137.4 -183.4 0.18 1l.66 S.lé -1.80
. S -409.5 -414.5 0.29 1.01 1.0l 46.05 . S -415.8 -420.8 0.29 1.01 1.0l 46.75 ] S -443.4 -448.4 0.28 1.00 1.00 49, 82
13 -372.6 -385.6 0.27 0.94 1.95 -3.21 13 -390.2 -403.2 0.26 0.9 1.95 -1.95 13 -311.0 -324.0 0.27 0.95 1.96 -13.82
23 -382.7 -405.7 0.21 1.38 3.3 1.22 2) -327.4 -350.4 0.22 1.41 3.36 -3.20 23 -293.5 -316.5 0.22 1.44 3.39 -0.46
46 -136.1 -182.1 0.18 1.66 5.00 -9.72 46 -139.9 -185.9 0.18 1.65 5.01 -1.1% 46 -239.1 -285.1 0.17 1.49 4.89 -1.37
12 S -4564.7 -459.7 0.28 1.00 1.00 51.08 12 5 ~-472.3 -477.3 0.28 1.00 1.00 53.03 12 S -447.2 -452.2 0.28 1.00 1.00 50.26
13 -351.2 -364.2 0.27 0.9¢ 1.95 -10.61 13 -299.7 -312.7 0.27 0.96 1.95 -18.28 13 -231.9 -244.9 0.28 0.98 1.96 -23.03
23 -221.9 -244.9 0.23 1.50 3.45 -1.23 23 -214.4 -237.4 0.23 1.51 3.47 -4.57 23 -195.5 -218.5 0.2¢ 1.53 .52 -1.60
46 -142.4 -188.4 0.18 1.64 5.09 -2.46 46 -141.1 -187.1 0.18 1.64 S.1l -2.18 46 -144.9 -190.9 0.18 1.64 5.15 -1.20
AVERAGE VALUES OF THE THREE PLOTS AVERAGE VALUES OF THE THREE PLOTS AVERAGE VALUES OF THE THREE PLOTS
VAC AT 5 Cr = 0.288 13 CH = 0.268 VMC AT S C® = 0.279 13 CH = 0.267 VMC AT S CM = 0.282 13 CH = 0.273
23 Cv = 0.227 46 CM = 0.182 2 Cw = 0.225 4 CM = 0.182 23 CM = 0.231 46 CM = 0.176
PH AT 5 Cr = -384.8 13 CM = -337.4 PH AT 5 C¥ = -539.7 13 CM = -351.2 PH AT 5 CM = -476.0 13 CM = -270.0
| 23 C¥ = -265.9 46 CH = -142.4 2 = -270.9 46 CH = -139.5 23 CH = -230.3 46 CM = -173.8
| DOWNWARC GRADIENT S=-13 CM = -4.92 13-23 CM = -6.15 CCwWAWARC GRADIENT S-13 CM = -22.56 123 CM = -7.0)3 OOWNWARC GRADIENT S-13 CM = -24.75 13-23 CH = -2.97
23-46 Cr = -4.37 23-46 CF = -4.71 23-46 C* = -1.46
TOTAL WCISTURE IN S CM PROFILE = 0.57 INCHES TOTAL MCISTURE IN S CM PROFILE = 0.55 INCHES TOTAL POISTURE IN S CM PROFILE = 0.56 INCHES
13 CM PROFILE = 1.49 INCHES 13 CM PROFILE = 1.46 INCHES 13 CM PROFILE = 1.48 INCHES
23 M PRCFILE = 1.97 INCHES 23 CM PROFILE = 1.93 INCHES 23 CM PROFILE = 1.96 INCHES
46 CM PROFILE = 4.26 INCHES 46 CM PROFILE = 4.22 INCHES 46 CM PROFILE = 4.26 INCHES

—
w
(o]




13

APPENDIX F
COST IMFCRMATION
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Table F1. Pump, Panel and Motor Costs*.

Jrip System Sprirklier System
Pump Base Motor  Pangl Pump base Mctor Panei
$702 561G 4541 $247 $1023 $768  $289 $575

Table F2. Well and Casing Costs fcr Both Systems*.

—__ltew® —___DOnik Cost _Total Cost
Instaliation $300/well $ 300
Development £500/well $ 5060
Casing $39.40/m ($12/ft) $ 480
£creen $262.50/m ($80/ft) $ 800
Drilling $82/m ($25/ft) $1259
Suction Tubs $60/vell $ 60
Coluin $656/10m (%200/107t) $ 809

* Cost information was obtained from Getting Industries,
Sioux Faiis, South Dakota.

Drillinu denths for btoth irrigation systems were assumed

to be 15.2w (30ft). Develepment costs include well testing
and gravel cacking. The screen lencths for both wells were
assumed toc e 3m {(167Y).
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