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ABSTRACT

Results are presented of a two-year study comparing the evapotranspir-
ation (ET), yields and the microclimate under drip and furrow irrigated
processing tomatoes. Results from a water conservation standpoint were not
encouraging with approximately equal values of evapotranspiration found for
the two methods of irrigation. This was true in replicated field-plot
studies as well as the lysimeter studies. The latter studies indicate that
although ET under furrow irrigation was considerably higher than under drip
irrigation for the three days following each furrow irrigation, this
advantage is largely cancelled by a reversal in trends thereafter, Appar-
ently the advection of sensible heat in air and soil to the narrow wet
strips under the drip~irrigated canopy produces quite significant evapora-
tion losses in spite of a nearly zero ﬁnderwcanopy net radiation.

Yield of ripe fruit in the drip irrigated lysimeter exceeded yields in
the furrow lysimeter by 9% and 16% respectively in 1979 and 1980. 1In the
replicated field-plot study yields in 1979 were not significantly different
between treatments. In 1980 yield from a plastic mulched drip dirrigated
treatment was significantly differént from the regular drip and furrow
irrigated treatment. Yields for the three treatments were respectively

83.8, 66.2 and 58.6 tons/ha.
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POTENTIAL OF DRIP IRRIGATION IN ROW CROPS FOR AGRICULTURAL

WATER CONSERVATION IN CALIFORNIA

W. 0. Pruitt, D. W. Henderson, E. Fereres, R. M, Hagan,
Paul E, Martin, E., Tarantino, Harbir Singh

and Bashir Chandio

SUMMARY

This paper reports on the results of a recent study at Davis,
California directed at determination of possible water savings and/or
increased production per unit of evapotranspiration (ET) under drip irriga-
tion. Two 6.1 meter diameter, highly sensitive lysimeters provided hourly
ET data during two summers for both drip~ and furrow-irrigated canning
tomatoes planted at a 152-cm row spacing. A replicated field plot study
provided for statistical analyses of yield and ET differences for treat-
ments represented by the two lysimeters as well as for a treatment involv—
ing drip irrigation under a plastic mulch.

An intensive micromet stu&y was conducted in and above the two lysim-
eters involving some 80 soil and air temperature sensors and 12 net radiom-
eters, with data collected at 3-minute intervals during many days of the
growing season. Wind speed was recorded continuously for many days at both
under-canopy and between-row locations at a l-cm height above the soil
surface.

Except for the first four to five days following furrow irrigations,
very high soil surface temperatures (around 60°C) were noted in mid-row

positions for both methods of irrigation. With the application of water to



the broad-base flat-bottom furrows, three nearly instantaneous to longer-
lasting effects were noted: 1) soil surface temperatures (-% cm) dropped
some 20~30°C; 2) net radiation (over exposed soil surfaces) increased some
0.2 to 0.3 cal cm-? min»l; and 3) very dramatic increases in evapotranspir-
ation resulted, although with increasing plant cover the effect becanme
moderated. In spite of much higher ET losses under furrow irrigation than
under drip irrigation for the first two to three days following each furrow
irrigation, this advantage for the drip method was cancelled out by a
reversal in trend thereafter, apparently due to a continuously rather high
daily loss by evaporation from the narrow (20-30 cm) wet strip under the
tomato rows. During stages of plant cover of 50%,it is subject to high
levels of sensible heat transfer from hot, mid-row zones of séil and air,
The water use efficiency data dé indicate some advantage for drip-
irrigation treatments where, for example, in the field plots (replicated
four times) WUE for drip plots was 20% and 97 higher than for furrow plots
in 1979 and 1980, respectively. The larger difference in 1979 may have
been the result of a breakage in the furrow delivery system which delayed
the first furrow irrigation for soﬁe 11 days after drip dirrigation was
initiated. The drip plots with a plastic cover under the upper 1-2 cm of
soil (and with emitters under the plastic) resulted in some water saving in

1979 but neot in 1980.

JUSTIFICATION

The need for more precise evaluation of evaporation losses under
different methods of dirrigation comes £rom the increased interest in
possible savings in overall water requirements in agriculture. With the
increasing awareness that dimprovement of farm dirrigation application

efficiency may seldom lead to overall basin or district water savings, the



one loss (evaporation) which for the most part, does not enhance growth of
plants, has become a subject of considerable interest and controversy.
Proposals for conversion of much of California's surface irrigated farmland
to drip irrigation, have received serious attention. Thus, there is a
vital need for developing reliable information on the magnitude of possible
savings and/or the increase of production per unit of evapotranspiration
(ET).

Water loss from a cropped area to the atmosphere is the result of
evaporation from the soil (E) and transpiration (T) from plant surfaces.
The combination of both processes, called evapotranspiration (ET), is
equivalent to the crop water requirements.

When annual row crop plants are in an early growth stage and have
little ground cover from the canopy, the evapotranspiration rate from the
field is dominated by the soil evaporation rate. As the crop canopy
increases, the evapotranspiration rate becomes more dependent on the leaf
area {(Penman et al., 1967).

Studies of crop water requirements have been conducted in most coun-
tries of the world where irfigated agriculture is involved. Examples
illustrative of the extensive nature of such work in some areas, are those
in Israel as reported by Shalevet et al. (1981); in Arizona, USA (Erie
et al.,, 1965); in Washington State, USA (Middleton et al., 1967); and in
California as reported by the State Department of Water Resources (Calif-
ornia, State of, 1975). Many other studies have been aimed at development
of models for prediction of evapotranspiration, both potential and actual
losses by crops. Examples of some widely used methods are those developed
by Thornthwaite (1948), Penman (1948), Blaney and Criddle (1950), Jensen

and Haise (1963), Ture (1961) and Christiansen and Hargreaves (1969).



Models have been developed for calculating evaporation (E) and tran-
spiration (T) separately. Examples are methods developed by Ritchie
(1972), Hanks (1974) and Tanner and Jury (1976), Such models deal with
conventional irrigation methods that essentially wet the entire soil
surface, However, because of the smaller area of wet soil surface under
drip irrigation and strong thermal gradients between dry and wet zones with
microscale advection from the former to the latter area, those measurements
and models are not easily applied to drip-irrigated crops.

Because drip irrigation ideally would involve minor losses of water by
evaporation, it may be expected to reduce evapotranspiration more than most
other methods, especially during the early stage when a large percentage of
the soil surface remains unshaded. However for crop-soil-climate con-
ditions where few early-stage surface irrigations are required, drip
irrigation, if applied frequently, might produce greater ET losses than for
surface methods such as furrow irrigation.

Although many studies have compared drip irrigation with other methods
of dirrigation, very few involved an accurate determination of actual ET
loss for short periods or the detailéd microclimate measurements needed for
separating the E and T components of ET. This and other considerations led
to this project initiated at the University of California at Davis in 1979.
A major objective of the project was to investigate possible savings in
evapotranspiration by drip-irrigated row crops as compared with furrow-
irrigated row crops, and to develop models for predicting expected evapo-
transpiration losses that might be extended to plant and row spacings not

represented,



MATERIALS AND METHODS

The experiment was conducted duriné the summers of 1979 and 1980 on a
Yolo loam soil at the Experimental Farm of the University of California at
Davis. Geographic coordinates of the site are latitude 38°32'15" north,
longitude 121°46730" west, and altitude 17 m above mean sea level.

Processing tomatoes (UCB82 variety) were direct-seeded in two large
lysimeters and surrounding fields (>1 ha) on 15 May 1979 and on 23 April
1980. The rows were spaced 152 cm apart and were oriented east-west. In
1979, practices recommended by Cooperative Extension for fertilizer appli-
cations were followed. Liquid fertilizer (10-34~0) was applied at planting
at a 7 cm depth and directly under the seed bed. The rate was at 112
liters/ha. On June 18 a side dressing of NH4N03 was applied at the
rate of 78 kg N/ha. 1In 1980 due to the difficulty of using the above
procedure in the lysimeters and immediate surroundings, a single broadcast
application of NH4N03 (134 kg N/ha) was made on 14 April and sprinkled
in.

In 1979 the herbicide Treflan was rototilled in (5-7 em) on 21 Jupe.
On 24 April 1980, 11,2 kg/ha ofLEnide was sprayed or in a water mixture and
sprinkled in.

The plants began emerging on 22 May 1979 and on 2 May 1980. They were
thinned to an approximate 22.9 em (9 in) spacing within each row in mid
June 1979 and on 20 May 1980.

The crop was uniformly sprinkler drrigated from planting wup to
June 26, 1979 and up to May 24 in 1980. Differential irrigation methods
were started on July 12 in 1979, although due to a pipeline break the first
furrow irrigation was delayed until July 23. Furrow and drip irrigations

in 1980 were initiated on June 13.



Evapotranspiration of tomatoes under furrow irrigation was determined
from a 6.1 m~diameter, 90~cm deep weighing lysimeter described by Pruitt
and Angus (1960), and that of the crop under drip irrigation was determined
by a 6.1 m floating drag-plant lysimeter described by Brooks et al. (1966),
and Goddard (1970). Both systems are sensitive to within approximately
0.02 mm of evapotranspiration and are, perhaps, the only such highly
sensitive lysimeters existing that also are large enough to provide for a
sample size of almost a hundred plants even with a row spacing of 152 cm
and a plant spacing in the row of 22.9 cm., However, the limiting of
rooting to the depth of the lysimeters (90 cm) may be a problem with
irrigation intervals greater than seven to ten days in midsummer Davis
conditions since up to 50 percent of the so-called available water can be
removed in that length of time. i

Evapotranspiration was also determined in the field plot areas where
yield trials were conducted on three treatments, replicated four times.
Individual plots contained 12 rows at the 152-cm row spacing. They were
15.2 meters long. In addition to the drip and furrow irrigation treatments
(to be managed similarly to those ih the lysimeters) ancther treatment of
drip irrigation was involved using a plastic mulch to minimize evaporation.
Strips of black plastic 152 cm wide and 15.2 cm long were placed between
the plant rows and covered with approximately 2-3 cm of soil to simulate a
normal condition. In all field plots a water balance procedure was used to
estimate evapotranspiration. Each individual plot was instrumented with
four 3.5-m-long aluminum access tubes spaced uniformly between two rows
near the middle of each plot. Neutron probe readings were taken just

before each irrigation. Water applied was measured with water meters.
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Flow in furrows supplying water to mid-plot zones were also checked volu-
metrically at the gated pipe outlets.

The drip irrigation system delivered water through microtubing emit-
ters of 0.82 mm inside diameter, placed every 45.7 cm apart on the lateral
so that after thinning, each emitter supplied water to two adjacent plants.
Operating pressure was such that each emitter delivered 2.65 liters per
hour. Several evaluations of the drip system indicated an emission uni-
formity of 93 to 95 percent,

During periods of differential irrigation the drip lysimeter and its
surrounding field along with the drip plots were irrigated daily during the
season except for a few times during early stages when the field was
irrigated every other day. Frequency of furrow irrigation in the weighing
lysimeter and surrounding field was at approximate 10-day intervals. Most
farmers in the area use a 10-14 day schedule. At each irrigation, both the
furrow- and the drip-irrigated tomatoes (in the lysimeters and in field
plots) received an amount of water equal to the total ET lost in the
respective lysimeters since the previous irrigation,

For both the furrow-~ and tﬁe drip-irrigated lysimeter sites, micromet~
eorological data were recorded on most of the days during both growing
seasons although only 1980 data are reported herein. The vertical and
horizontal variation in soil and air temperature, net radiation, humidity,
and windspeed were determined. This report concentrates on detailed
micrometeorcological data for only three representative days in 1980,
July 16 the day of the fourth furrow irrigation, July 17, the following
day, and July 24, one day before the fifth furrow irrigation. Some soil

and air temperature data are presented graphically for several irrigation



cycles., Much of the micrometeorolvgical data collected in 1980 will be
presented in a supplemental report now in preparation.

Figure 1 shows two vertical cross-sections, respectively, for furrow
and drip methods for the 1980 study. The location of soil and air tempera-
ture sensors, and net radiometers are indicated. Soil-temperature sensors
were made up of 24-~-gauge, two-~junction copper-Constantan thermopiles to
give a mean of temperature at two places on transects parallel to the plant
rows, and to provide a sensitivity twice that of single~junction wunits.
They were placed in the soil profile at depths of 0.5, 5, 15, and 30 cm at
several locations transversely between the plant rows. The upper two
Jevels had thermopiles located 7.5, 22.5, 40, and 63 cm north of one row in
the lysimeter (positions hereafter identified as NS), and at the same
distances south of an adjacent row in the north (identified as SN),
Thermopiles located 15~ and 30-cm deep in the soil were located at every
other position. Similarly, two-junction, air-temperature thermopiles
(30-gauge Cu-Co) were located 6 cm above the soil surface at 7.5, 22,5, and
40 cm NS, in the middle between rows (-76-=), and at 7.5, 22.5, and 40 cm
SN. In addition at each of thése locations, a thermopile of four equally-
spaced 30-gauge junctions were located on a light, 58-cm long framework,
oriented parallel to the plant rows. These provided a voltage output
directly related to the difference in 6 cm and 1 ecm air. Fach thermopile
set was calibrated in a water bath of known temperature with an ice bath as
reference, to obtain the response curve. The photo of Figure 2 shows
several of these T6 and (T6_T1) units. The thermocouple junctions
were not aspirated, no doubt resulting in some degree of error.

Vet radiation was measured at 25 and 150 em above the soil surface

using Fritschen net radiometers located with respect to rows as shown in
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i . A view of the 6.1-meter-diameter weighing lysimeter
Figure 2 planted to processing tomatoes. Photo was taken on
August 7, 1980, two days after an irrigation using

flat-bottom furrows.

Figure 1. Net radiation under the plant canopy and between the rows was
measured with 39-cm long tube net radiometers (Delta-T Devices of Cambridge
England) placed in each lysimeter at four locations as indicated in Figure
1. The two units closest to tomato rows were placed 5 cm above the soil
surface to avoid excessive contact with plant stems and leaves. The other
two were placed lQ cm above the soil surface. Two of these units are just
discernible in the center of the photograph. The 25-c¢m Fritschen hemis—
pheric is visible in the upper right corner.

Although not reported on herein, total wind for half hour periods at a
Z-meter height was measured with a Casella cup anemometer. On a few select
days in 1979 wind readings from an Alinor hot-wire anemometer located at a
l-ecm height above the soil surface were observed at 1 to 2 minute in-
tervals. TIn 1980, the outputs from two hot-wire anemometers (Thermonetics

Corporation) located at under-canopy and at mid-row locations at a l-cm
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height, were recorded for many days of the summer on a fast-~speed strip
chart recorder.

Class A pan evaporation and precipitation data were available from an
lrrigated turf grass weather station located about 150 m south of the
lysimeter area,

Soil meisture profiles from 0 to 30 em were determined for both
lysimeters several times before and after each furrow irrigation date.
Samples were obtained just under the rows, in the middle between the rows
(=76-), and at the 22.5 cm SN and NS locations. These data were needed to
determine thermal conductivity and heat capacity values, The percentage
moisture in the soil samples was measured gravimetrically.

Percent ground cover during the growing season was calculated by
dividing the width of plant canopy b& row spacing which was 152 em. A
150-cm ruler was used to take 30 random measurements of plant row width in
each lysimeter., During the early growth stages percent cover data were
obtained from careful evaluation of 35 mm slides projected on a screen.

Tomatces were harvested on 10 October 1979 in both field plots and in
the 1lysimeters. TFor vyield determiﬁations plants were cut at the soil
surface and shaken to remove the fruit, with red, green and rotten fruit
weighed separately. The 1980 harvest was complicated by the desire to
obtain evaporation-only losses from the weighing lysimeter, but with plants
cut to stop transpiration, all in an effort to derive a wind functional
relationship. This was done on September 6, 1980. Furrow and drip plots

were harvested on September 10 and the drip lysimeter plants on the l7th.
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EXPERIMENTAL RESULTS

Soil and Air Temperature — Figure 3 provides an example of soil isotemps
in the upper 30-cm layer along with air temperature at 6 cm above the soil
surface (hourly mean values between 1300 and 1400 on July 17 and 24, 1980,
Included are wvalues of AT (T6—Tl) as indicated by the four-junction
thermopiles above the soil surface.

From the soil isotherms the marked difference between the microenvir-
onment of drip- and furrow-irrigated tomatoes is evident, especially for
the day following a furrow irrigation (July 17). Although under-canopy
soil and air temperatures are quite comparable the mid-row soil tempera-
tures at the 0.5-cm depth ran some 20°C hotter in the dry surface soil of
the drip-irrigated lysimeter than for the moist surface soil of the furrow-
irrigated lysimeter. For July 17 the 6-cm air temperature (T.) at

6

mid~row was 37°C for drip as compared to 34°C for furrow. T6—T1 at
mid~row locations ran a -3.5° for the former as compared to -0.8° for the
latter.

Although a temperature inversion over the wet soil surface of the
furrows might be expected, such was not the case, Apparently the resis-
tance to transfer of water vapor from this rather smooth protected surface
precluded the development of a latent heat transfer greater than net
radiation minus soil heat flow (Rn-G). On the other hand the net radiation
and ET patterns presented by Tarantino et al. (1982),for July 17 (their
Figure &), suggests an average sensible heat transfer from the furrow
lysimeter to air and soil (H+G) of 0.1 cal cmm2 m:i.n—‘l for the 1300~1400
period, By comparison one could alsc deduce from their Figure 4 that the
value of H+C at mid-row in the drip lysimeter was approximately 0.8 cal

-2 -1 . . ,
cm  min assuming E from the very dry surface soil at mid-row to be
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negligible. Although much of this sensible heat must escape as H to the
above canopy air, some would end up as transfer of energy teo the plant
canopy. Hence on days such as July 17 following a furrow irrigation,
transpiration losses by drip-irrigated plants must considerably exceed that
by furrow-irrigated plants. Even so as will be shown later, the total ET
loss on such days is greater for the latter. Transpiration losses may be
less but this is more than compensated for by high evaporation losses from
the wet soil of the furrows.

The results in Figure 3 show much less difference between soil temper-
atures of the two lysimeters on July 24, eight days after the furrow
irrigation of July 16. However, the 0.5-cm soil temperature near mid-row
was still some 4 to 8°C hotter in the drip-irrigated lysimeter.

Rather consistent in Figure 3 (and in review of all mid-day periods of
the study) is the indicated inversion profile just above the under-row wet
strip of the drip-irrigated tomatoes. Thus, even though these strips are
largely shaded by plants, and the net radiation is very low ({see Tarantino
et al.,, 1982, Figure 4), the evaporation is Ilikely quite high due to
advected heat both in secil and-in air, Tarantino et al. (1982) show that
ET (furrow)/ET (drip) averaged 0.9 for six days prior to furrow irriga=-
tions. A simple calculation assuming; 1) a 25-cm wide strip is affected by
the drip emitters, and 2) that evaporation from soil surfaces during such
periods is the same in all other areas for both drip and furrow systems,
shows that on a day when ET (drip) = 5 mm/day and ET (furrow) = 4.5 mm/day,
the 25~cm wet strip under the drip plants would have to lose a depth of
water 3 mm more than that under the furrow plants. This does illustrate
that quite significant advection to the wet strips is involved since the

net radiation of such areas is very low. It would not require, as prior
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reports on the project have speculated (Pruitt et al., 1981 and Tarantino
et al., 1982) that evaporation from the drip irrigated wet strip under a
canopy might be as much as 1.5 to 3.0 times the loss expected from a strip
the same size in a wet, bare field.

Although much can be deduced from the results reproduced in Figure 3
the soil and air temperature profile data presented in Figure 4 are also
helpful for interpretation of results. Tarantino et al, (1982) show a
gimilar figure but without the air temperature data. Also the previously
published data for soil temperature are in error on the high side, espe-~
cially in the 50 to 70° range. A linear calibration equation for the
thermocouple had been used for simplification in a preliminary analysis,
Although quite adequate in the 20-40°C range, a subsequent careful cali-
bration of the sensors from 5° to !65°C showed the equation used by
Tarantino et al. (1980), to overpredict soil temperature at higher ranges,
e.g., by approximately 4.5°C at 65°C.

The soil and air temperature profile variation from early morning
(0400~-0500) to early afternoon (1300-1400) Ffor under canopy location was
rather minor as might be expected: This is in contrast to very large
changes at the exposed 635N position. At this location the difference
between soil surface temperature and l-cm air temperature ranges from 16 to
20°C except for July 17 furrow data when high evaporation rates kept
surface temperatures from building up.

The lapse or inversion air temperature profiles shown in Figure 4 are
in all cases in agreement with underlying soil surface conditions. Also
note the inversion profiles for the under~canopy location for the 1300-1400
period for both days and both methods of irrigation. On the other hand

lapse conditions prevailed at both locations for the 0400-0500 period.
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The morning to aftermoon change in soil temperature profiles at 63 8N
for furrow drrigation was much less for July 17 than for July 24 or for
either day in the case of drip irrigation. This should not be construed as
an indication of a greatly reduced heat transfer since the heat capacity
and thermal conductivity of the very moist soil would be much greater than
for the dry soil cases.

The differences noted in preceding paragraphs can be more easily
understood by referring to Table 1, showing the results of gravimetric
determinations of soil moisture on 18 and 24 July. Each value represents
the moisture content of a composite of three samples collected along the
row. The temperature of a bare soil surface, under a given incident
radiation, is affected by the soil reflectivity, emissivity and soil
moisture content. Another factor exe%ting considerable influence is the
partitioning of the net radiation of the surface inte latent and sensible

heat transfers,

Table 1. Soil moisture on 18 and 24 July, two days after and omne day

before furrow irrigation, respectively, percent by weight.

Furrow Drip
Depth Distance from the row (cm) Distance from the row (cm)
{cm) 0 22.5 76 0 22,5 76
18 July
-5 7.5 18.9 18.2 23.0 12.8 6.7
5-15 19.4 23.0 23.6 25.8 21,5 18.6
15-30 17.3 22.8 25,0 26,6 e 26.3
24 July
0-5 14,1 15.0 14.3 23.9 19.6 10.1
5-15 20.4 21.4 20.2 27.9 23.0 20,0

15-30 21.3 20.9 22.6 33.1 26,9 23,2
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the mid-row positions for the 1300-1400 hour during several

irrigation cycies.
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Figure 5 presents the day~to-day variation in the 0.5 cm soil tempera~
ture (average of 63NS and 63 SN locations) and l-cm air temperature at
mid-row in both lysimeters. Alsc shown are data for T6—-T1 for the same
hours. The data for the period foilowing the July 16 furrow irrigation
illustrate the sharp increase in T__.5 by early afternoon of the third day
following irrigation. One might consider that the gradual increase each
day thereafter until the next dirrigation was produced by a decreasing
evaporation loss each day. This may be the case for evaporation from
mid-row zomes but the lysimeter data reflect no further decrease in ET
after the fifth day following irrigation. It is also obvicus that the
effect of irrigation on T_“.5 is lessened as the season progresses and
plant cover increases.

The T6—Tl data of Figure 5 suggést that the effect of rewetting by

furrow irrigation of mid-row zones every 10 or so days, prevents the

forming of lapse rates as great as those in the drip-irrigated lysimeter.

Net Radiation — Tarantino et al. (1982) presented the diurnal patterns of
net radiation for July 17 and July 24 for both methods of irrigation,
Figure 6 compares on a single graph the patterns of Rn for several radiome
eters for both July 17 and July 24 for the furrow lysimeter. Data for one
radiometer located over the drip-irrigated lysimeter are also shown.

The data for the tube radiometers located out in the open should be
considered as somewhat relative, since the directional response of such
units is less than ideal (8zeiz, 1975). However a comparison of patterns
from the hemispheric Fritschen units with the 63 SN tube units reveals

fairly minor problems within the hours of 0800 to 1600. The results also
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suggest the radiometer calibration factors usedl/ are in good agreement.

Results in Figure 6 indicate very low net radiation values on July 17
for the under-canopy location, with only 5-7% of that measured out in the
open. Data for the unit located at the 22.5 SN position reflect the
increasing canopy cover from July 17 to July 24 although records indicate
an increase in average plant cover of the furrow-~irrigated lysimeters of
only 2% (from 33% to 35%). On July 24 this unit was obviously exposed to
some direct sunlight in morning hours but experienced complete shading from
400 on. The negative Rn values reached by 1430 seem unreasonable but the
0.5 SN soil temperature at 1430 was 56.1°C and had dropped ouly to 46°C by
1630. Assuming a significant area of soil surface viewed by the underside
of the radiometer was similarly hot, the negative Rn could occur as soon as
all direct solar radiation was bleocked out by shading of the plants.

The 15-20% higher Rn on the earlier date for units located at or near
mid-row is no doubt due to the lower reflectance and emitted long-wave
radiation from the cooler moist soil surface on that date. Figure 7 giving
net radiation and soil and air temperature data on the July 16 irrigation
date illustrates more clearly fhe effects of dry and moist so0il surfaces
{for a 33% plant cover situation). The furrow lysimeter, because of the
shape of the furrows (see Figure 1) and lysimeter edges, was essentially
basin irrigated. Hence, the very short time period involved in the 6-cm
irrigation application. The results indicate a sharp drop in T

-, 5

temperatures in the mid-row =zones with some slight increase in surface
1 . . ,

L Factory calibration constants were used for the Delta-T tube radiom-
eters whereas constants developed in calibrations by the USDA Water Conser-—

vation Laboratory in Phoenix were used for the Fritschen units.
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29

temperature after irrigation ceased. Surprisingly, air temperature wasg
effected little. The large drop in T;.S did produce a slight inversion
condition.

Unfortunately the Rn25 unit in the weighing lysimeter was inopera-
tive until 1300 and the respective unit in the drip lysimeter was out of
order during the entire day. The sharp drop in surface temperature and no
doubt the reduced reflectance of the soil surface produced a very apprecia-
ble increase in Rn for the bare soil near mid=-row. Looking at the data for
1600-1630, Rn appears to run about 0.3 cal cm—2 min_l higher than a
projected curve would indicate, had the area remained dry. A calculated
longwave emitted radiation using a TS of 304°K indicates a value of 0.70
cal cmnz minﬁl. This compares with a 0.89 value wusing a projected
surface temperature of 323°K, Presumably decreased reflectance could
account for the other 0.1 cal cm—z min_l.

Altheugh not shown in Figure 7, the Rn of the furrow lysimeter as
measured at a 150 cm height, was approximately 0.15 cal cm-2 min—l
higher for the 1600-1630 period than it apparently would have been if the
soil had remained dry. The RﬁlSO ran almest iddentical to Rn25 from the

end of irrigation on, whereas prior to irrigation, RHISO (furrow lysim-

eter) was paralleling the drip lysimeter Rn record, but approximately

10

0.07 cal cm2 min“l higher.

Evapotranspiration — Continuing with a presentation of data for the two
days we have concentrated on, a figure given by Tarantino et al. (1982) is
reproduced in Figure 8, showing a cumulative record of ET for both lysim=-
eters on July 17 and July 24, ET was 8.21 and 6.15 mm on July 17 for the
furrow- and drip-~irrigated crops, respectively, and 5.05 and 6.25 mm on

July 24. Thus there was less than 2% difference in ET in drip irrigation
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Figure 8.  Cumulative hourly evapotranspiration of tomatoes under furrow

¥

and drip irrigation as measured by the lysimeters on July 17

and 24, 1980,

for the two days while with furrow irrigation, a 62% higher loss occurred
on the first day when all of the soil surface exposed to direct sunlight
was moist due to an irrigation late afternoon of the day before.

Figure 9 gives a record for the entire 1980 season of the daily ratios
of BT to evaporation from a Class A pan., Although not included herein, the
1979 results were very similar, but with the higher degree of plant cover
reached by midsummer (63%), the ET/Epan ratios were averaging around 0.75
rather than 0.7. 1In earlier Davis studies with a seven to 10 day frequency
of drrigation by sprinkling, ratios arcund 0.9 were common in mid-season
but with 85-90% plant cover (Pruitt et al., 1972), The day-to-day values
of ET/Epan during the growing season were influenced by the development
of the crop canopy and the sqrface 501l moisture status, For both crops in
the early stage, as the amount of canopy increased, the ratio increased
until maximum values were reached, around the end of July. After that, the

ratio began to drop as the plants aged. As a rule, great increases of
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ratios were observed after each watering of the crop under furrow irriga-
tion, especially during early stages of growth.

Figure 10, extracted from Tarantino et al. (1982), shows the variation
of the ratio of ET(furrow) /ET(drip) for the 1980 season which somewhat more
clearly reveals the effect of rewetting of the soil by each furrow irriga-
tion.

Tarantino et al. (1982) also presented a figure showing the average
ratio for the season of ET(furrow)/ET(drip) as a function of days following
furrow irrigation. Figure 1l is a similar presentation for 1980 results
but with the effects shown for all but the last furrow irrigation. The
individual sets of data are identified by the percent cover figures in-
volved from the first full day of wet surface conditions following an
irrigation to the last full day preceding the next irrigation.

Figure 12 presents plots based on the same set of data plus some for
the 1979 season. Rather than a curve identifying ratios on successive days,
Figure 12 curves identify for given days following furrow irrigations (or
groups of days) how the ratio of ET{(furrow) /ET(drip) varied as a function
of percent ground cover. The two ;ets of data blend very well together,
and by inclusion of the 1979 data, the trends in the ratios as affected by
increasing percent cover, are more clearly identified. It is obvious that
with furrow irrigations of 5-8 cm on Yole loam soil, that the number of
days following an irrigation in which evaporation from the soil surface
remains a significant factor, varies with percent cover. TFor example, note
that for the fourth day the ratio is well below 1.0 during early stages of
plant cover but by the time 60% cover is reached the ratio exceeds 1.0.
Alsc revealed is the fact that for the first and second day wvery high

ratios are reached at early growth stages with a reduction to around 1.3 by
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the time cover reaches 30%. Relating this to Figure 9, however, it should
be recognized that these very high ratios for low percent cover situations,
are largely because the losses of the drip-irrigated lysimeter are still
rather minor. It should be noted that the ratios in Figure 11 (all 1980
data), and for the 1980 data in Figure 12, would no doubt have been higher
if the percent cover for both drip~irrigated and furrow-irrigated crops had
been closer in 1980,

Data on total seasonal evapotranspiration for both years are given in
the first column of Table 2, 1In 1979, a year when plant cover in both
lysimeters remained very close throughout the season (see Figure légi)the
ET loss by the two lysimeters was very close with only a 1% greater loss
for the furrow lysimeter., Although not given in Table 2 the ET for the
furrow and drip lysimeters for the period from July 3 to October 8 was 48.3
cm and 47.6 cm respectively or 1.5% different. The ET for the total season
for the field plots in 1979 likewise showed a 1.5% greater loss for furrow
as compared to drip but with both field treatments running some 7-8% above
the lysimeter losses. However, it is evident from Figure 13A that the
percent cover developed in the field plots was greater than in the lysim-
eter. In 1979 both drip treatments reached close to 90% ground cover but
the plastic mulch treatment had 6% less ET, no doubt due to decreased
evaporation losses from the soil.

Total seasonal evapotranspiration for the 1980 tomatoes growing in the
furrow-irrigated lysimeter was practically the same as that in the drip-
irrigated lysimeter from April 1 to September 10, with values of 55.9 and
56.6 cm, respectively. Losses from June 6 to September 10 which relate to
the actual period of differential methods of irrigation were, respectively,

45.4 and 46.1 ecm. The somewhat higher ET by the drip~irrigated lysimeter
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Table 2, Total ET in cm from planting to harvest and yield of processing
tomatoes under furrow and drip irrigation. Davis, California,
1979 and 1980.
WUE
. . -1 -1
ET Yield Ton/ha Tha “cm
Irrigation method cm Ripe Rotten  Total {ripe fruit)
1979
Furrow~irrigated 61. 75.1 2.2 79.6 1.22
lysimeter
Furrow field plots 65.9 86.0 a 0.7 93.9 1.31
Drip-irrigated 60. 82,1 4.5 88.5 1.35
lysimeter
Drip field plots 64 . 162.4 a 1.8 106.9 1.58
Drip & plastic plots 60, 98.8 a 1.1 105.7 .62
’ 1980
Furrow—irrigatedé/ 55. 77.2 0.0 80.7 1.38
lysimeter
Furrow field plotsg/ 59, 58.6 b - 60.7 0.98
Dripmirrigatedél 56. 89.4 4.5 94.9 1.58
lysimeter
Drip field plotsgj 61. 66.2 b - 67.2 1.07
Drip & plastic plotsg/ 61. 83.8 ¢ - 85.8 1.37

* Values not followed by the same letter are significantly different at the

5% level.

1 Furrow lysimeter plants were cut at ground level on September 6 and left
on lysimeter for a special test to determine a wind functional relation-
ship, Fresh weight of fruit as measured on September 17 was correctaed
back to September 6 based on changes in percent moisture of a subsamplie
of two vines with their fruit allowed to dry in the field.

Harvest date of September 10,

= As harvested on September 17 seven days after field plots were harvested.
Since at this stage of maturity tomato fruits tend to show little if any
further assimilation the affect on yield due to the different harvest dates

can be ignored.
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in 1980 no doubt reflects to some degree the higher percentage of cover
achieved in the drip lysimeter (47% maximum) as compared with 38% in the
furrow lysimeter (see Figure 10) . Recall however that in 1979, when both
lysimeters reached 63% cover, the ET (during the period of differential
irrigation treatments) was only 1.5% higher in the furrow lysimeter than in
the drip lysimeter.

The ET of field plots in 1980, again was 7~8% higher than for the
lysimeters. The plastic mulch treatment did not show a lower ET in 1980
but this could be due to the development of a greater percent ground cover
in this treatment (see FigugeAB )} than for other treatments both within and

outside the lysimeters,

Yield and Water Use Efficiency — Table 2 gives yield, ET and water use
efficiency data for the 1979 and 1980 seasons. Marketable yield of fruit
from the drip lysimeter was 9% and 16% higher than from the furrow lysim-
eter for 1979 and 1980, respectively. For the field plots the drip out-
yielded the furrow by 19% and 13% for 1979 and 1980, respectively. It
should be noted from Table 2 that the yield differences between treatments
in 1979 were not statistically significant at the 5% level. In 1980 the
mulched drip treatment showed a significantly higher yield thar the other
two treatments, It is speculated that with the cool late spring conditiocns
of 1980 the mulched plots had a more favorable thermal condition which
enhanced canopy growth in this treatment (see FigulgS?)) and increased
final yields.

Interestingly both lysimeters had somewhat higher yields in 1980 than
in 1979 while the reverse was true for the field plots where 1979 vields

weye some 145 to 155 percent greater than in 1980, The percent ground

cover of field plots in 1979 exceeded considerably that achieved in the
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lysimeters, with furrow plots reaching 75% cover, and both sets of drip
plots approaching 90% cover. 1In 1980 however the percent cover of field
plots was similar to that in the lysimeters with values of 45%, 47% and 55%
for furrow, drip and drip with plastic, respectively. The 1980 season with
a much cocler than norymal May and early June was not a good season in the
Sacramento Valley for late April plantings of the variety of tomatoes
grown. In relation to this study however it did provide a chance for
extensive micrometeorological work under limited amounts of plant cover, a
condition under which evaporation savings with drip drrigation is most
likely.

The water use efficiency data in Table 1 do show some advantage for
drip irrigation treatments where, for example, in the field piots (replica~
ted four times) WUE for drip plots wds 20% and 9% higher than for furrow
plots in 1979 and 1980, respectively. The larger difference in 1979 may
have been the result of a breakage in the furrow delivery system which
delayed the first furrow irrigation of field plots until July 23, whereas
the drip plots were irrigated on July 12, 13, 14, 16 and 17, with a delay
then until July 23. {(All plots ié 1979 were sprinkler irrigated until

early in July).
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The microclimate and evapotranspiration of
processing tomatoes under drip and furrow irrgation™

Emanuele Tarantino, Harbir Singh, William O. Pruitt (%)

Introduction

Water losses from a cropped area to the atmos-
phere is the result of evaporation from the soil (E)
and transpiration (T} from plant surfaces. The com-
bination of both processes, called evapotranspiration
(ET), is equivalente to the crop water requirements.

When annual row crop plants are in an early
growth stage and have little ground cover from the
canopy, the evapotranspiration rate from the field
is dominated by the soil evaporation rate. As the
crop canopy increases, the evapotranspiration rate
becomes more dependent on the leal area (Penman
et al,, 1967).

Many studies have been conducted to predict
the ET requirement of varius crops (Pruitt ef al.
1972; Doorenbos and Pruitt, 1977), and models
for calculating £ and T separately have been studied
(Ritchie, 1972; Tanner and Jury, 1976) for use with
conventional irrigation methods that essentially wet
the entire soil surface. However, because of the
smaller area of wet soil surface under drip irrigation
and strong thermal gradient between dry and wet
zones with microscale advection from the former
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to the latter area, those measurements and models
arc not applicable to drip-irrigated crops.

Because drip irrigation ideally invoives minor
losses of water by evaporation, it may be expected
to reduce evapotranspiration more than most other
methods, especially during the early stage when a
large percentage of the soil surface remains uns-
haded.

Although many studies have compared drip irri-
gation with other methods of hrigation, very few
involved an accurate determination of actual ET loss
for short periods or the detailed microclimate mea-
surements needed for sepavating the E and T com-
ponents of ET. Therefore, in 1979 a new project
was initiated at the University of California at Da-
vis. A major objective of the project was to investi-
gate possible savings in evapotranspiration hy drip-
irrigated row crops as compared with furrow-irri-
gated row crops and to develop models for predic-
ting expected evapoiranspiration losses that might
be extended to plant and vow spacings not repre-
sented.

The present communication is limited to speci-
fic findings from the 1980 growing season. In par-
ticular, it deals with some micrometeorological ob-
servations on representative days of the growing sea-
son and comparisons of ET and yield of processing
tomatoes under furrow irrigation with ET and yield
under drip trrigation.

Materials and Methods

The experiment was conducted during the sum-
mer of 1980 on a Yolo feam soil at the experimen-
tal farm of the University of California at Davis.
Geographic coordinates of the site are latitude
38932'15” North, longilude 121946'30” West, and
altitude 17 m above mean sea level.

Processing tomatoes {« UC 82 » variety) were
direct-seeded in two large lysimeters and surrounding
fields (~1 ha) on 23 April, the eastwest rows were
spaced 152 cm apart. Fertilizer (N 134 kg/ha, P
100 kg/ha) was broadcast by mechanical spreader
evenly over the entire area ten days before planting.
On May 2 the plants began emerging, and on May

2



20 they were cultivated and thinned to an appro-
priate spacing of 22.9 cm within each row.

The crop was uniformly sprinkier irrigated from
planting up to May 24. Differential irigation methods
(furrow and drip) were started on fune 13.

Evapotranspiration of tomatoes under furrow ir-
rigation was determined from a 6.1 m-diameter, 9¢-
cm deep weighing lysimeter described by Pruitt and
Angus (1960), and that of the crop under drip irri-
gation was determined by a 6. m floating drag-plate
lysimeter described by Brooks (1966) and Goddard
(1970). Both systems are sensitive to within aproxi-
mately 0.02 mm of evapotranspiration; they are, per-
haps, the only such highly seasitive lysimeters exis-
ting that also are large enough to provide for a
sample size of aimost a hundred plants, even when
crops are in widely-spaced rows (152-cm row spac-
ing}. However, the limiting of rooting to the depth
of the lysimeters (90 ¢m) may be a problem with
irrigation intervals>>seven days in midsummer Da-
vis conditions.

The drip irrigated lysimeter was irrigated by mi-
crotubing emitters (0.82 mm inside diameter) pla-
ced 45.8 cm apart on the lateral so that after thin-
ning, each emitter irvigated two adjacent plants, one
on each side.

The drip-irrigated lvsimeter and the surrounding
field were irrigated daily during the scason except
for a few times during early stages when the field
was irrigated every other day. Frequency of furrow
irrigation in the weighing lysimeter and surrouding
fiefd was at approximate ten-day intervals, Most far-
mers in the area use a 10-14 dav schedule, At eachi
irrigation, both the furrow- and the drip-irrigated
tomatoes received an amount of water equal to the
total ET lost since the previous irrigation.

For both the furrow- and the drip-irrigation lysi-
meter sites, micrometecrological data were gathered
on a number of representative days during the
growing season, The vertical and horizontal varia-
tion in soil and air temperature, net radiation, hu-
midity, and wind speed were determined. This re-
port includes data for soil and air temperature and
net radiation on July 17 and 24, one day alter the
fourth furrow irrigation and one day before the
fifth furrow irrigation.

Figure 1 shows two vertical cross-sections, res-
pectively, for furrow and drip methods, the loca-
tion of soil and air temperature sensors, and net
radiomelers. Soil-temperature sensors were macde
up of 24-gauge, two-junction copper-Constantan ther-
mopiles to give a mean of temperature at two places
and provide a sensitivity twice that of single-junc-
tion units. They were placed along the soil profile
{0.5-, 5-, 15-, and 38-cm depth) at several locations
transversely between the plant rows. The upper two
levels had thermopiles located 7.5, 225, 40, and
63 cm north of one row in the lysimeter and at the
same  distances south of an adjacent row to the
north, Thermopiles Tocated 15- and 30-cm deep in
the soil were located at every other position. Simi-
farly, two-junction, air-temperature thermopiles {30-
pauge Cu-Co) were located 6 cm above the soil sur-
face at 7.5, 22.5, and 40 cm from the south row
and in the middle between rows, and at 7.5, 22.5,
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Fig. 1 - Location of the net radiometer (<=, m)and thermo-
cotiples along the air (O) and soil (@) profife in tomatoes
furrow-jrrigated (a) and deip-irrigated (b) lysimeters plan-
ted to tomatoes. Davis California, 1980,

Fig. [ - Posizione dei radiometri netti e deile termocoppic
lungo il profile deil'aria e del suolo in file di pomodoro ir-
rigato a solchi (a) e a goccia (b},

and 40 cm from the north vow. In addition at each
of these locations, four-junction thermopiles avera-
ged the differences of temperature {AT)between 1
and 6 cm above the soil surface.

Each thermopile set was calibrated in a water
bath of known temperature 1o obtain the response
curve,

Net radiation was measured at 25 and 150 cm
above the soil surface using Fritschen net radiome-
ters, Net radiation under the plant canopy and be-
tween the rows was measured with 39-cm long tu-
be net radiometers (Delta-T Devices of Cambridge)
placed in each lysimeter at four locations 7.5 and 40
cm north of the south row and 22.5 and 63 cm
south of the adjacent north row, The two units clo-
sest o tomato rows were placed 5 c¢m above the
soil surface, and the other two were pfaced 10 cm
above the soil surface.

Class A pan evaporation and precipitation data
were avaifable from an irrigated turt grass weather
station located about 150 m south of the Iysimeter
area,

Soil moisture profiles for both lysimeters were
determined several times after each flrrow watering
and one day before each furrow watering, up to
30 em deep on the row and in the middle between
the rows, at 22.5 ecm from the south row, and at
22.5 cm from the north row,

These data were needed to determine thermal con-
ductivity values, The percentage moisture in the soi}
samples was measured gravimetrically,

Percent ground cover during the growing sea-
son was calculated by dividing the width of plant
canopy by row spacing which was 152 cm. A 150-
¢m ruler was used to take 30 random reasurements
of plant row width in each lysimeter. During the
early growth stages data were taken from pictures,

The tomatoes were harvested on September 17.
For yield determination, plants were cut at the soil
surface and shaken to remove fruit; red, green, and
rotten fruit were weighed separately,



Experimental Results

Soil Temperature — Figure 2 shows an example
of soil and air temperature profiles (hourly mean va-
laes between 14.30 and 15.30) in tomatoes under
furrow and drip irrigation on Fuly 17 and 24, respec-
tivelv (one day after and one day before furrow ir-
rigation). In each situation near the surface, the soil
tempetrature gradient {as indicated by the distances
between two isotherms) increased, In addition, ave-
rage soil temperatures at the time of reading showed
an asymmetric distribution along the sections with
lower values at southernmost sites between the to-
mato rows. This reflects the greater degree of shading
compared with more exposed northerly zones be-
tween the rows. Below 25 cm, the temperature was
generally less than 30°C. As shown, maximum soil
temperatures under the drip system were higher
than under the furrow system.

On July 17, maximum temperatures were 58° or
more under the drip method at the ¢.5-cm depth
in the dry area near the midpoint between rows;
whereas the temperature was about 38° in the fur-

a AIR TEMP. (6 ¢cm above the soil)

Qeervon AIR TEMP (1 cm above the soil )

AL NP
2

row irrigation crep at the same area (but wet). On
July 24, similar trends were found, although ditle-
rences between the two irrigation methods were
much less pronounced.

Those differences between the two methods can
be attributed primarily to the difference in soil mois-
ture (Table 1}). The temperature of a bare soil sur-
face under a given incident radiation is affected by
soil reflectivity, emissivity, and moisture content. The
third factor exerts considerable influence on the pat-
titioning of absorbed energy into latent heat and
scnsible heat transfer (in soil below and air above
the surface). In addition, penetration of the heat in-
to the soil is determined by the heat capacity and
thermal conductivity, of soil, both of which vary
with moisture content. Since each cubic centimeter
of soil has a certain heat capacity, the total daytime
rise in temperature is a function of the total heat
flow inta the ground.

Figure 3 shows changes in soil temperature pro-
files between 7.00 and £4.00 for under-canopy and
between-row locations, Profile variations during the
day for under-canopy locations were rather minor.
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Fig. 2 - Andamento tipico delle temperature massime giornatiere dell’aria e del terreno in colture di pomodoro irrigate a
solchi ¢ a goccia (medic orarie tra le §4,30 ¢ 1e17,307del 17 e det 24 luglio), 1l rilevamento dei dati & stato fatto nelle
posizioni indicate nella figura [, { :
JERE
J
23



Tanre Lo Dercent soil maisture Wy welghl) o fuly 15 and Bl by daygs after furrme ireic wlion and one day before the
i i juld i i

The following furrow irrigation.

Taveria . - Umidith del terreno i1 18 e 1 24 lugho, due diorni dapo ¢ un giorno prima dell'ivrigazione per infilbrazione
laterale da solchi, rispettivamente,

I
{‘ Furrow I Drip
; — [ . N
Depth l Distance from row (em) , Distance from row (cmy)
b H i B “_.u_kl -—"—"‘4 H
X ; - |
(cm) f 9 22.3 76 | 0 22.5 76
| | | !
18 July
0-35 7.5 £8.9 18.2 23.0 18 6.7
5-15 19,4 23.0 3.6 25.8 215 18.6
153-30 17.3 22,8 25,0 26.8 — 26.3
24 Juiy
0-5 14t 15.0 143 230 19,6 10.1
315 20,4 204 20,2 27,9 23.0 20,0
15-30 21.3 20.9 22.6 33.1 26,4 23.2

The variation in temperature from morning to af- litative analysis of soil heat transfer remains to be
ternoon was about the same for the furrow-irriga- done,

ted crop, one day before frrigation as for the drip-
irrigated crop, The daytime change in the tempera-
ture profiles of the furrow lysimeter was much less
for the dav following irrigation. This daes not ne-
cessarily mean that a great deal less heat transfer
into the soil took place because with the very high
soil moisture conditions the heat capacity would
have been much greater than for dry soil. A qua-

Alr Temperature — Figure 2 shows air tempe-
raturcs obtained | and 6 c¢m above the soil surfa-
ce at several locations across the tomato rows, In
areas cxposed to direct sunlight, a very strong gra-
dient between soil surface and air was evident in
midafternoon with sojl temperature (at 0.3 cm) ex-
ceeding 1 cm air temperature by as much as 20°C,
although in the furrew case, this difference was on-
ly 4°C the day after irrigation. In shaded zones, the

July 17 (one day atter the furrow irrigation) . - o :
0.5-cm soil temperature was within 1-3°C of l-cm air

TEMPERATURE {°C)
10 20 30 40 50 60 12 20 30 40 50 g0

-0~ ¥ - temperature. As expected in sunlit areas, a strong
. A “‘1 lapse rate (3-4°C) was evident for the 1 cm to 6 cm
_mf i $1400 [ 700 « Etjvei in the aif' E.Ib(')VC the dry soil surface, espe-
_35‘( cially in the drip-irrigated case. In the furrow case

! in sunlit areas, the lapse rate was 2-3°C the day
—20] FurRaw before irrigation, but only 0.2-0.3°C the day fol-
£ -2 lowing irrigation. In all cases in shaded zones, there
& —30- ; was an inversion profile. For the drip plot with the

Q July 24 (one day & , _ considerably hotter soil surface out in the open (38-
P Jetere the furrow irrigation) 63°C), this hot air was obviously being advected in-

i_gﬁ__ﬁlgﬂg,@_g&gjg_@q” !__10_29___“375‘ 2.20.9 ko to zones under the cangpy, creating an inversion of
o -5 some 1-2°C between the 1 cm and 6 cm levels,
2 This was true only on the north si%g, 79{, the row,
s _ suggesting that wind direction at theywas™ from the
i north. On the south side of the row, but in shaded
—20 | zones, there was iittle if any air temperature gra-
~25 } dient,
~30-

Fig. 3 - Scil temperature profiles in furrow- and drip-irri-
gated tomatoes as observed at 7.00 and 14.00 on July 17
and 24. Dashed lines indicate profiles under canopy while
profile data {or between-row sites are indicated by solid 1
nes,

Fig, 3 - Profili delle temperature del terrcno osservati in
colture di pomodoro irrigate a sclchi ¢ a goccia alle 7 ¢
alle 14 del 17 ¢ del 24 luglio. Le lince tratteggiate indicano
i profili sotto la copertura vegetale, e finee intere indicano
i profili tra I file di pomodo,
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Nel Radiation — As indicated in Materials and
Methods, net radiation was measured at 150, 25,
[0, and 5 cm above the soil surface. However, on
17 July no values were collected from 10-cm height
al 40 em from the south row in the furrow method,
or from the 25-cm height in the drip-irrigation me-
thod because of mallunctioning of the instruments.

Figure 4 shows hourly net radiation values {con-
vetted to equivalent evaporation in mm/h) and



it o

mean hourly values of evapotranspiration, as measu-
red by the large lysimeters on July 17 and 24 for
crops under furrow and drip irrigation. The R. data
for the 5- and 10-cm heights should be considered
somewhat relative, since the directional response of
tube radiometers is less than perfect (Szeicz, 1975).
The 3-cm units located well under the canopy should
have been providing good absclute values, however.

Overall, on July 17 (one day after furrow wa-
tering) the net radiation measured in the furrow
method at 150 cm above the ground and at 10 cm
at the unshaded location 63 e¢m from the north row
(essentially above the completely moistened soil sur-
face) was higher than that measured at the same
locations {practically above the dry soil surface) in
the drip-irrigated soil. These differences can be re-
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Fig. 4 . Mean hourly evapotranspiration (ET) and net radiation (Rn) (expressed in mm/h) measured above the canopy

(150- and 23-cm height), under canopy (5.cm height), and between the rows ([0-cm height), Rn under plant canopy was
measured at 7.5 and 40 cm north of the south row (NS} and 225 and 63 cm south of the adjacente north row (SN).

Fig. 4 - Evapotraspirazione (ET) orariz media e radiazione netta (Rn) espresse in mm/h misurate sopra la copertura ve-

getale (a 150 ¢ 25 cm <li altezza); sotto la vegetazione (3 em < altezza) e tra le file (10 cm) Rn sotto la vegetazione & stata
mistrata 7,5 ¢ 40 cm a Nord delia fila a Sud (NS) € 225 ¢ 63 em a Sud della fila adiacente (SN
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lated to differences in albedo and thermal propet-
ties of the two soil surfaces. Low soil-surface-mois-
ture content between the row plants under drip ir-
rigation produces a high soil surface temperature,
greater outgoing longwave radiation, and hence,
lower R,.. The energy balance would involve fow
evaporation and high sensible heat transfer to the
air above,

Trends of the net radiation differed between the
two methods at 22 ¢m from the notth-row plants
(3-cm height). At this location, in fact, the net ra-
diation measured in the drip method was greater
than that in the furrow method, probably influenced
by differences in shading of the radiometer by
the canopies. At the other focations, the net radia-
tion differed little between the two methods on the
same day.

On fuly 24 (one day before furrow irrigation)
the net radiation measured at all iocations in drip-
irrigated tomatoes was greater (although in different
measure) than that in the furrow method,

Evapotranspiration (ET) — On July 17 {one
day after the furrow watering) ET measured from
the furrow-irrigated crop was greater than that from
the drip-irrigated crop, whereas on July 24 (one day
before the furrow irrigation) ET was greater in the
drip-irrigated crop (Fig. 4). '

In Figure 5, cumulative evapotranspiration cur-
ves are presented for the hours from 6.00 to 20.00
hrs for both July 17 and 24, ET was 8.21 and 6.15
mm on July 17 for the furrow- and drip-irrigated
crops, respectively, and 5.03 and 6.25 mm on July
24, Thus, there was less than 29% difference in ET
in drip irrigation for the two days while with fur-
row irrigation, a 62% higher loss occurred on the
first day when 80-90% of the soil surface was moist
all day.
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Fig. 5 - Cumulative hourly evapotranspiration of tomatoes
under furrow and drip irrigation measured on Fuly and 24,
one day after furrow irrigation and ome day before the
following furrow irrigation,

Fig. 5 - Evapotraspirazione oraria cumulata,
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Total seasonal evapotranspiration for the toma-
toes growing in the furrow-irrigated lysimeter was
practically the same as that in the drip-irrigated ly-
simeter from April28 to September 10, with values
of 55.9 and 56.6 c¢m, respectively. Losses from June
& to Septembre 10 which relate to the actual period
of differential methods of irrigation were, respecti-
vely, 45.4 and 46.1 cm, The somewhat higher ET by
the drip-irrigated plots no doubt reflects to some de-
gree the higher percentage of cover achieved in the
drip lysimeter (maximum of 47% as compared with
389 in the furrow lysimeter). However, in 1979
when both lysimeters reached 639% cover, the ET
during the period of differential irrigation treatments
{(July 3-October 8) was 48.3 and 47.6 cm, respec-
tively, for furrow- and drip-irrigated lysimeters.

Figure 6 shows the daily water loss by evapo-
transpiration from each lysimeter compared with
Class A pan evaporation, and the results were plot-
ted as the ratio of the former to the latter and as a
function of the day of the vear, The day-to-day va-
lues of ET/E, during the growing season were
tnfluenced by the development of the Crop canopy
and the soil moisture status. For both crops in the
early stage, as the amount of canopy increased, the
ratio increased until maximum values were reached,
around the end of July. After that, the ratio began
to drop as the plants aged, As a ritle, great increascs
of ratios were observed after each watering of the
crop under furrow jrrigation, especially during the
early stage of growth, the effect lasting for several
davs,

Figure 7 shows ratios of daily evapotranspira-
tion by furrow-irrigated tomatoes to those under
drip, together with values of percentage of ground
cover during the growing season. Drip-irrigated to-
matoes had more ground cover during most of the
growing season: maximum values were about 10%
more than those of the furrow-irrigated crop. The
difference in plant growth response under the drip
method can be attributed primarily to the greater
availability of water provided by the system ex-
cept during a few days after each furrow irrigation,
although for the lysimeters in the 1979 seasor, si-
mifar irrigation scheduling did not produce growth
differences.

After the start of the differential irrigation treat-
ments, the daily ratios of ET (furrow)/ET (drip)
were always less than unity, except for a period of
three to four days following each furrow irrigation.
In particular, under our experimental condition, the
ratio ET (furrow)/ET(dvip) for each day included
between two successive furrow trrigations, as indi-
cated in Figure 8, was as high as 1.35, 1.30, and 1.08
for one, two, and three days after furrow irrigation,
respectively, and between 0.97 and 0.87 for each
remaining day.

Yield — Table 2 gives the yields of red and green
fruit for each lysimeter, along with average yield
from replicated field plots. Total seasonal ET is al-
s0 given, Although different harves: dates were in-
volved, this need not be of concern because tomato
fruits show little if any further assimilation after tur-
ning pink (Dr. Allen Stevens, personal communica-
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Fig. 6 - Rapporto tra ET giornaliera delle colture di pomodoro irrigate a solchi ¢ a goccia ed evaporazione da vasca di Classe
A per i periodo da poce dopo 'emergenza a 10 glorni prima della raccolta,
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Fig. 7 - Ratio of daily evapotranspiration by tomatoes un-
der furrow irrigation to those under drip irrigation, and
ground cover percentage during the growing season. Davis,
California, 1980.

Fig. 7 - Rapporte tra ET giornalicra delfa coltura di pomo-
doro irrigata a solchi e quella i pomodoro irrigata a goc-
cia, ¢ grade di copertura del terreno {in percentuale) du-
vante la stagione di crescita. Davis, California. 1980.

tion, Cctober 24, 1981, Davis, California), Yield of
ved fruir in the drip-irrigated lysimeter was 16% hi-
gher than that in the furrow lysimeter, although so-
me uncertainty exists, owing to application of drying
rates of only two plaats to that of the furrow lysime-
ter fruits, The tomato crop in both lysimeters out-
yielded by 32-35%9% the drip- and furrow-irrigated
field plots, although similar trends in yield between
the two irrigation methods is evident {13% higher
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Fig. 8 - Mean rvatio of daily evapotranspiration by tomatoes
furrow-irrigated to those drip-ivvigated (average among cach
chronological day of ten-day Ffurrow irrigation schedule
during the growing season).

Fig. 8 - Rapporte medio dell’'ET giornaliera tra le colture
di pomodoro irrigate a selchi ¢ a goecia {medic di ogni
giorno det urne di 10 giori).

for drip-irrigated plots than for furrow-irrigated
plots).

Since ET was almost the same for the two lysi-
meters, water-use efficiency (tons ha™' cm~' for red
fruity was about 15% higher for drip than for fur-
row with values of 1.58 and 1.38, respectively. This
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Tanre 2 - Toldd ET in cn from plunting to harvest (£22-09/10) and gield of processing lomatoes under furrow and dripy irri-
gation. Davis, California, 1950,

TaspLLa 2, - ET Totale in em ¢ preduzione di bacche mature, verdi, marcite ¢ totali in pomaodore da industra irrigaio a
soichi o a gogcia,

4 LT f L Yield (ton/tw) e
| | | |
Irvigation method | e i Ripe CGreen I Rotien Total
| i
Furrow (weighing lysimeter) (1) 35.4 72 3.5 0.0 80.7
Farrow field plots (2) 59,6 58.6 2.1 e 60.7
Drip (shear lysimeter) (9) 36.0 89,4 5.5 L) 91,9
Drip field plots (% 651.6 (6.2 1.0 — 67.2

(1) Furrow lysimeter plants were cut at ground level on September 6 and left on lysimeter for a special est to determine a wind
functional relationship. Fresh weight of fruit as measured on September 17 was corrected back to Septemtber 6 based on changes
in percent moisture of a subsample of two vines with their fruit allowed to dry in the field.

() Harvest date of September 10.

(%) As harvested on September 17 seven days after field plols were harvested. Since at this stage of maturity tomato fruits tend
to show little if any further assimilation the affect on yield due to the different harvest dates ean be ignored,

compares fairly closely with 1979 results where wa-
ter use efficiencies of 1.35 and 1.22 were realized
for drip- and furrow-irrigated lysimeters, respective-
ly, with yields of 82.1 and 75.1 T/ha and total sea-
sonal ET values of 60.8 and 61.5 cm.

Conclusions

For purposes of irrigation scheduiing, insuffi-
cient data are available for predicting evapotranspi-
ration for drip irrigation with the accuracy curren-
tly possible under conventional methods. Studies
were initiated in 1979 to verify the evapotranspira-
tion expected under both drip- and furrow-irrigation
methods for at least one row crop with a typical
row and plant spacing. Additionally the collection
of very detailed measurements of the microclimate
fust above the soil surface as well as within upper
layers of the soil is expected to yield the necessary
information for significant improvement over pre-
sent models of predicting the evaporation losses from
the soil surface under a wide range of row and plant
spacing, irrigation frequency, and Crop-canopy con-
ditions,

The reported measurement of the soil and air
temperature, net radiation, and soil moisture at va-
rious positions in tomatoes under furrow and drip
irrigation, on representative days of the 1980 grow-
ing season, gives some examples of the different mi-
croclimate associated with the two methods. The
ET loss under daily drip irrigation actually exceeded
that for furrow irrigation by values included between
3 and 13%, except for a period of three days fol-
fowing each furrow irrigation, when the losses for
the furrow-irrigated crop were much greater than for
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the drip-irrigated crop, However, under our experi-
mental conditions (152-cm row spacing, ten-day fur-
row irrigation intervafs, and daily drip irrigation),
the seasonal ET loss by the two crops irrigated dif-
ferently was almost the same (36 cm).

A significant savings of ET under drip irrigation
as compared with furrow irrigation would obviously
result in situations where more frequent applications
by furrow might be required to achieve similar
vields for both methods, On the other hand, if top
vields could be achicved by a 15- to 20-day sche-
dule, the furrow method would obviously produce
less ET loss than the drip method, with the high
evaporation losses for three days following each ir-
rigation more than made up for by the steady, eve-
ryday evaporation loss from the areas kept moist by
the daily drip irrigation, Although these wet arcas
may represent less than 10-15% of the surface area,
our data reveal that they are subjected to advection
of sensible heat from mid-row hot areas both above
and below the soil surface, Evaporation losses from
the wet arcas may well efflceed by 1.5-3.0 times the
loss from an equivalent wet area in a field where
alt surface areas are continuously moist.

{n 1980, marketable yields of tomato under drip
irrigation were 169% higher than that under furrow
irrigation, somewhat in line with a similar response
in development of plant cover, The results in 1979
were similar, although with about equal develop-
ment of plant cover (60%?), the drip lysimeter ou-
tvielded the furrow lysimeter by only 9%. In 1980
plant cover for the furrow- and drip-irtigated ly-
simeters, respectively was only 38 and 479%, yet
the 1980 yields exceeded those of 1979 when the
percent cover rveached % A greater water-use ef-
ficiency for the drip-irvigated lysimeter is inferred
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for both years. However, in 1 replicated plot stu-
dy, water-use efficiency was only 9% greater for
drip- than for furrow-irrigated plots, and the drip
plots had a 3% higher total seasonal ET.

Riassunto

MICRQCLIMA ED EVAPOTRASPIRAZIONE DEL
POMODORO DA INDUSTRIA IRRIGATO CON L
METODO IRRIGUO A GOCCIA E PER INFILTRA-
ZIONE LATERALE DA SOLCHE E. TaranTINnG, H.
SINGH, W, O. PRUITT.

Si riportano { risultati di una prova condotta a
Davis in California, nel 1980, su coitura di pomodoro
(« U.C. 82 ») seminato a file distanti 152 om ed irvi-
gata con due differenti metodi irrigui: infiltrazione la-
terale da solchi e goccia. I turni irrigui medi sono stati,
rispettivamente, di 10 giorni ¢ di un giorno.

Per entrambi i metodi irrigui sono stati misurati
anche i valori della temperatura dell’aria ¢ det suolo
¢ della radiazione netta, a diverse postazioni e in par-
ticolari giorni dei ciclo colturale,

La coltura del pomodoro irrigato a goccia ha for-
nito valori medi giornalieri di ET superiori ai valori
ottenuti con il metodo per infiltrazione laterale da sol-
chi di circa 8-9%, tranne che nei primi tre giorni dopo
ogni intervento irriguo per infiltvazione laterale da
solchi.

{ valori stagionali di ET relativi ai due metodi,
raisurata con due lisimetri ciascuno del diametro di
6,1 m, sono stati pressocché gli stesst {339 c¢m nel
metodo  Drrigue per infiltrazione lalerale del soleo e
366 cm nel metodo irriguo a goccia), mentre nelle
parcelle circostanti tenute nelle stesse condizioni di
regime irriguo sono stati riscontrati valori siagionali
di ET pari a 39,6 ¢ 61.6 cm rispettivamente nel me-
todo irriguo per infiltrazione latcrale da solco ed in
quello a goecia,

Infine, la coltura di pomodoro con il metodo a
goceia, in entrambi i casi, ha fatto vegistrare una pro-
duzione di bacche commerciabili pitr alta di civea 13-
159 rispetto a quella irvigata per infilirazione laterale
da scicii,

Siummary

The results presented pertain to the 1980 cropping
secason at Davis, California, for processing tomatoes
(UC 82 variety) growing in rows spaced 132 om apart
undler an ien-day schedule of furrow irvigation and a
daily scheduled drip irrigation,

Results for both frrigated crops inciude microme-

teorological measurement of the soil and air tempera-
ture and net radiation at various locations on parti-
cular days during the growing scason,
. The mean ET loss under daily drip irrigation
actually exceeded that for furrow irrigation by about
8-9%, except for a period of three days following each
furrow irrigation,

" Scasonal ET losses by tomatoes irrigated by
furrow and drip irrigation, as measured by two 6.1
m-diameter fysimeters, were almost identical (33.9 c¢m
for furrow and 36.6 cm for drip). Field plots with
eguivalent irrigation schedules had ET values of 390
and 61.6 cm for furrow and drip, respectively.

Marketable yield of processing tomatces in both
the drip lysimeter and drip field plots were around
13-15% greater than yield of those under furrow irri-
gation.
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