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TiTLEf PREDICTING HYDRAULIC CHARACTERISTICS OF CRITICAL-DEPTH
; FLUMES OF SfMPLE AND COMPLEX CROSS—SECTIONAL SHAPES
NRP: 20740 CRIS WORK UNIT: 5510-20740-003
' 'CODE NO.: Ariz.-WCL 72-1
INTRODUCTION:

The broad—-crested weir style flume appears to be well suited to
irrigationlcanal applications. The errors of construction are easily
controlled because the width is wide enough to make the usual varia--
tions in canal-construction dimensions unimportant, while the flow
depths are deep enough to absorb the error of gage placement, which
is dome with surveying techniques. Publicity has been widespread,
and we have received requests for information and assistance from
farmers, researche];s9 university faculty members, Soil Conservation
Service offices, concrete~ditch contractors, and numerous foreign
inquirers. Requests have come from alﬁost every western state,
Canada, India, Sri Lanka, Puerto Rico, and the Netheilands where a
design for a small flat gradient river was proposed. Standard flume
sizes have been developed fdr several small size canals, which will
be.publishéd in a USDA Farmers’ Builetin, with a more technical ver-
sion being prepared for Tramsactions, ASAE. We plan to extend these
standard flumes to larger sized canals and laterals. The present
versions are computed for trapezoidal canals with 1-ft-bottom widths
and 1:1 sideslopes. Two-ft bottom canals with 1:1 and 1.25:1 are
also included. ‘ | '

The Salt River Praject now has the ability to design this style
of flume. Three large flumes were designed by Joe Robins (SRP), and
the designs were reviewed by us for laterals in their canal system.
THese were installed in October 1978 near Gilbert, Arizona.

The mathematical model with the laboratory ratings that have
been accumulated over the last 10 years, including some work by _
Bazin in 1865 and by A. R. Robinson in 1968 (as updated by Humpherles
and Bondurant, 1978), were presented at an IMEKO meeting in the
Netherlands (FLOMECO 78).: The modeling was well reqeived, and contact‘

was made with M. G. Bos who has also done research with long~throated
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flumes. Contact was also made with W. R. White who has been working
with Crump weirs. The significant property of these weirs is their
apparent favorable characteristic of transporting sediment because
of the sloping approach ramp. Since our broad-crested weir style
flume has similar properties, 1t should also pass sediment well.

has performed satisfactorily in irrigation situations with low-
sediment transport rates. We may be able to observe the field
behavior in more detail at some of the many locations resulting
from the contacts for assistance and information. A list of five
publications and one presentation concerning flumes is attached.

NEW DESIGNS:

»

Several portable flumes and "expadient’ f£lumes were conceived
and designed during the past vear. Three sizes of furrow flumes have
been designed, all of the 211l style. Two sizes were constructed

« «x

in: three copies sgach. The first, with a sill width of 6 dinches, has
a flow range of about 3 to 225 gpwm, and was delivered to Guy Dickey,

SC5, Davis, California, fox field use. The second

constructed size was a melric a flow range of about

0.15 to 12 liters per second (2.5 to 190 gpm) and had a 10-cm sill

Y

width. The third size is &

about 35 gpm. It will

a throat width of 5 cm.

The major advanta

Fhese cons ctions ave theiy relative

insensitivity to

ing, and precision
leveling. These features are accomplished by locating the stilling
well as closely as practical to the elevation zero reference surface

of the sill. The pressur

.

¢ intake tapping is still located upstream,
as usual. -

"Turtlie” Flume. The "turtile” flume, designed for the Soil

Conservation Service is to be constructed in two sizes: the standaxd
size as reported last year, and a longer version with an 18- Jnch~long
throat instead of the original 12-inch-long throat because of the
need to measure larger, and thus deeper, flows in canals having

1:1 sideslopes and 1-ft bottom widths but constructed 36 inches

deep. The original version was limited to canals less than 30 dinches
deep. A patent application was filed in August 1978.
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"Expedient” Flumes. Of the “expedient” flumes, one in particular

appears useful. It is constructed from a single sheet of 3/4~inch
plywood. One method of construction is as follows:

1. Cut off and save a 12.0-inch~-wide piece from one end of
the full sheer. (Result is a 12.0-inch by 48-inch piece to be used
later for the sill piece and ramp section.)

2. Cut two more pleces about 2 inches wide, also from the end
of the full sheet. (Result is two pieces, 2 inches by 48 inches, to
be used later as cross ties for the flume.) These are optional and
can' be rveplaced with other strip materials.

3. The remaining large piece which is about 48 inches by 80
inches long is centerline marked along the long dimension and sawed
lengthwise parallel to the centerline but offset one-half plywood

thickness (3.8-inch). (Re

o

ult is one piece 24-3/8 inches wide by 80
inches long and one piace 23-5/8 inches wide by 80 inches long that
will be nailed together to form a V' trough shape with an inside
edge top width of 33.41 inches.)

4. Nail the two large pileces together, observing that the
wider piece is properly overlapped and is used to start the nailing

process. This overiap will meke the flume to

ot

E

5 level when properly
completad.

5, Nail the two Z-inch bracing styips as cross tiles to the
flume. They can be placed about 1 ft from either end of the "VV
construction. Make sure that the "V' is 90° before nailing on
cross ties. The measurad tep width should be 33.41 inches.

6. From the 12-inch-wide section cul two pieces: one
rectangular 12.0 inches wide by 18 inches long, and the other 12
inches wide and about 19 inches long.

7. Bevel the two long edges of the 18~inch piece at 45°. This
will become the sill crest piece., Nall in place flush with one end
of the "V" section, so that it is symmetrically placed to form an
elevated floor in the "V section.

8. Make a centerline lengthwise on the 19~inch-long piece.

Mark from the corners of one end to the centerline at the other

1-3
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end to form an isosceles tringle with a 12-inch base and 2 19-inch
altitude. Saw oul the triangle. Bevel the long sides at about
43-1/2° for the entire length. Bevel the 12-inch side at about
18.4°, so that it will fit the upstream face of the previously in-
stalled sill piece. MNaill triangular rawmp sectlon into place.

9. The readout is best made with the portable stilling well
and probe system previously reported (see Annual Reports for 1975~
1977}, although a wall-mounted gage can be used.

10. ‘Use plastic sheeting attached to the upper end of the flume

to aid in water sealing.

This flume was demonstrated in an earthen canal where it was
installed by a class of college students during the hydrology
summer camp programs of the University of Axizona. Tt was gquickly
built (two people less than 30 win) and quickly installed {(several
class members in sbout 15 min). Readoub was made with the stilling-

well cup, portable-pipe-and-eiphon-hose sensing mechanism used on

many of our previous portable flumes. The rating table was calcu~

8!
lated by computer modaling, and is shown in Table 1. TFigure

oy

fomd

shows a layout, similar to thet descyibed, but in metric notation
and with no overlap allowance for nailing the two large pileces
together. This flume design has been proposed for portable low-
flow stream monitoring in Nebraska.

Concrete Pre~Cast Flumes. pecial molding pans were built to

make the ramp and §ill flumes as two pre—cast parts, a sill section
and a ramp section. The concrebe thickness is basically 1-1/2
inches with edge thickening to 4 iunches. Reinforcing mesh and
steel are placed in the blocks. They weigh about 90 pounds each
for -the small canal (1:1 sideslopes and 1-ft bottom width) and
correspond to the 1-fr-high standard flume that we proposed for the
Farmers® Bulletin. Larger sizes appear to be dmpractical because
special equipment would need to be used. Sheet steel versions are
planned for the larger sizes, buf have not been designed in detail.

Side wall gages complete these flume systems.

-4
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Earthen Canals. Many canals are wmlined. Application of simple

construction techniques to these 1s progressing. The series recom—
mended for lined canals can he used with a short length of pre-paved
canal section, and was proposed for applications in northern
California, Oregon, Montana, and Nevada. However, unlined canals

are usually wider and shallower, often resembling "waterway'' construc-—
tion rather than irrigation canals. These shapes will require a
different series of sizes than those presented for lined canals.

The Bureau of Indian Affairs plans to install some during the spring
of 1979, and has selected several sites for design and application.

The unlined storm flow éhannels in Florida, that were fitted
with flumes on 3~6 May 1977, were visited in October 1978, They
appear to be functioning satisfactorily hydraulically; however, the
concrete is being attacked by the acid drainage waters and has
deteriorated to the point that plaster-patch vepalrs to the throat
section have had to be made. It appears that limestone aggregates
in the concrete mix are being dissolved.

SUMMARY :

Ervor control concepts for the sizing of the breadcrested-welr
style of flume single it out as a very usable shape for lined canals.
Because of this, precomputed sizes suitable for three common con-
crete slipformed canals have been selected and computed in cooperation
with Soil Comservation Service analysis of needs. These have subse-
quently been slightly modified to incorporate field experience, and
edited for a USDA SEA Farmers' Bulletin to be distributed nationwide.

Comparisons of mathematical modeling results and laboratory and
field measurements were published for 18 flumes of triangular, trape-
zoidal, and rectangular cross—sectional shapes, including trapezoidal
broad-crested weirs. Representative data for weirs and flumes previ-
ously published by Bazin (1863) and by Robinson (1968, as updated by
Humpheries and Bondurant, 1978, private communication) include stage-
discharge information on each flume, so that further analysis by

interested scientists is possible.
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A series of three small flumes, two of which have been constructed
for field testing during the coming irrvigation season, have been
developed for furrow irrigation studies, at the request of the Soil
Conservation Service, a California wniversity, and groups within oux
own agency. Advantages are + 27 accuracy with easy field installa-—
tion and insensitivity to movement of the flume due to settling or
accidental bumping. Special but simple physical arrangements in-
volving the translocation of the stilling well provide this feature
that is part of mechanisms for which a patent application has been
filed (August 1978).

An inexpensive flume, made from one sheet of plywood and some
plastic sheeting or irrigation canvas, was demonstrated to a wmiver—
sity hydrology class, and subsequently is being considered for
portable use in Nebraska for surveying low-flow stream discharges.

The concrete 3-section triangular flumes installed in Florida
forestry watershed projects continue to fumction to their satisfac-
tion. Some concrete quality problems related to the acid runoff is
apparent.

Design recommendations foxr a concrete sill-type of flume were
made for a special site in the Netherlands for uvse in a flat gradient
small rivern.

Semi-portability for the concrete canal versions was achieved
in the form of two precast concrete blocks, a sill, and a ramp
section for use in small, 1-ft-wide trapezoidal canals for flows up
to 10-12 cfs. While not portable, they can be moved and reinstalled.
PUBLICATIONS:

1. Clemmens, A. J., and J. A. Replogle. WNew flume breakthrough for
ditch irrigators. Irrigation Age 12(7):82-88. April 1978.

2. Clemmens, A. J., and J. A. Replogle. Constructing simple
measuring flumes for dirrigation canals. USDA Farmers Bulletin
(In press).

3. Replogle, J. A. Flumes and broad-crested weirs -— Mathematical
modeling and laboratory ratings. Flow measurement of fluids.
H. H. Dijstelbergen, and E. A. Spencer (eds). North Holland
Pub. Co., Amsterdam, New York, Oxford. pp. 321-328. 1978.
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. Repleogle, J. A., and A. J. Clemmens. Measuring flumes of
simplified construction. Presented at 1978 winter meeting
of Amer. Soc. Agr. Eng., Chicago, I1linois, 18-20 December.
Paper No. 78-2506. (Multilithed copies available).

5. Replegle, J. A., and A. J. Clemmens. Broad-crested weirs
for portable flow metering., Trans. Amer. Soc. Agr. Eng.
(Accepted for publication).

6. Replogle, J. A., H. Riekerk, and B. ¥. Swindel. Flow metering
flumes monitor water in coastal forest watershed. Water and
Sewage Works Journal 125(7):64-67. July 1978.

PERSONNEL: John A. Replogle, Albert J. Clemmens
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Table 1. Calibration for plywood temporary flume.

Metric Fnglish

Y, Q v, Q
Depth Discharge Depth Discharge
cm L/s ft cfs
2 1.400 0.05 0.0314
3 2.75 - 0.10 0.0996
4 445 0.15 0.1966
5 6.48 0.20 0.321
6 8.86 ' 0.25 0.475
7 11.59 0.30 0.657
8 14.65 G.35 0.869
9 18.08 0.40 1.113
10 21.87 0.45 1.388
11 26.04 0.50 1.696
12 30.06 0.55 2.04
13 35.5 0.60 2.42
14 40.9 0.65 2.83
15 46 .6 0.70 3.28
16 52.8 0.75 3.77
17 59.3 0.80 . 4.30
18 66.3 0.85 4.87
19 73.8 G.90 5.48
20 81.7

21 90.1

22 98.9

23 108.2

24 118.¢

25 128.2

26 139.0

27 150.2

28 162.0
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TITLE: EVALUATING TRICKLE

=
w
£

IGATION FOR CANTALOUPE PRODUCTION
NRP: 20740 CRIS WORK UNIT: 5510-20740-003
CODE NO.: USWCL 73-3

INTRODUCTION:

The objective and need for this research project appeaved in the
U. 5. Watex Comservation Labovatory 1977 Annual Report. Procedures
and results for the second year conducted at the Mesa Experiment
Farm, Mesa, Arizona, are presented in this repork.
FIELD PROCEDURES:

Spring. JIrrigation treatments included two subsurface trickle

practices {(trickle to end of harvest and trickle to beginning of
harvest), two irrigation frequencies (weekly and daily), and ¢ h ree
irrvigation quantities (1.0, 0.8, and 0.6 times consumptive use). .
These 12 treatments were replicated five times in a randomized-block
design, with each plot being two beds wide and 70 feet long. The
trickle irrigation system used was Reed’s Bi~Wall, a double-chamber
polyethylene tubing, having a 12-inch ocutside orifice spacing. The
tubing was installed & inches deep and 1 inch away from the seed row.
Adjacent to the trickle drrigation study was a furrow-irrigated
border, 5 beds wide and 280 ft long. The furvow irrigation was used

as a standard to check vield, fruit quality, and consumptive use.

T

o

Cantaloupe seed, Top Mark, was planted on March 30 on the east
slope of north-south oriented beds. Water applications for germina-
tion were 2.3 and 2.9 inches, respectively, on the trickle and furrow
irrigation plots. Because of esarly rains, an additional 0.9 and 1.1
inches of water weve applied on April 11, just before ﬁlant emergence
to reduce so0il crusting. Also, soll compaction existed on the“entire
field from spriang plowing under the abnormally wet moistures condi-
tion. Plants emerged on April 12 and 13 with an excellent stand
resulting on all plots. After thinping of plants to a 12-inch spacing
along the row on May 3, 1.5 and 2.3 inches of water were applied to
the trickle and furrow treatments. The different water quantities

applied by trickle irrigation were initiated on May 12 and were
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calculated by multiplying 1.0, 0.8, 0.6 times an estimated consump-—
tive-use rate for a weekly or daily irrigation interval. This rate
was taken from a 4~year mean consumptive-use curve measured for
cantaloupes at the Mesa Experiment Farm (1), with irrigations based
on the entire surface area between plants. One half of the trickle-—
plot drrigations were terminated on July 2, whereas trickle irrigations
continued until July 17 on the remaining plots. Furrow applications
after thinning were 3.7 inches on June 1, 3.7 inches on 12 June,
3.7 inches on June 21, and 2.0 inches on June 30.

Ferrilizer applications included 150 lbs/acre of ammonium
phosphate (16-20-0), sidedressed over the field before planting; 85
1bs/acre of urea (46-0-0) after thinning on May 12, and 85 lbs/acre

of urea after early runners on June 1 for both methods. After the

preplant application, fertilizer applications for the trickle were
deiivered through the system, whereas fertilizer applications for
the furrow were banded about 2 inches away from the plant row. The
total fertilizer applied was 102 1bs of actual W per acre and 30
ibs/acre of P.0..
275

Principal data obtained included water applied, scoil-moisture
content by gravimetric and neutron probe measurements (the neuvtron
information has not been fully analyzed), yield, and fruit guality.
Water applications for the trickle treatments were measured with a
turbine-vane water meter, after the water was filtered through a
sand (#20 silica) filter and 200-mesh (75 micron) screen filter.
Furrow irrigations were measuraed by an impeller-type water meter.

Cantaloupe harvest from 50 ft of the west vow on the 60 trickle
and 6 furrow plots began on June 30 and lasted until July 26 (27
days). Melons were harvested three times per week, sized, counted,
and graded as marketable or culls. Four sizes were packed: 23, 27,
36, or 45 jumbo melonsg per commercial crate (22 x 13 x 13 inches)
and were referred to by their sizing numbers. The smaller the number,
the larger the melons, with the 36's generally the most desirable.
All melons smaller than 45, rotten, soft, ground spot, slick, or

split were considered the culled or discarded melons. At five
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different times during the harvest period, four mature melons were
selected at random from each plot. - Fruit quality in terms of soluble
solids, general appearance, netting, outside color, flesh color,
flesh firmness, cavity dryness, cavity length, and cavity width were
evaluated on these melons. Soluble solids were determined by a hand
refractometer from the juice of a l cm3 core from the blossom end of
each test melon and at a location opposite the side where the melon
laid in the field. General appearance, netting, cutside color, flesh
kcolor, flesh Firmness, and cavity dryness were judged subjectively
by comparing cut surfaces to a pre-established series showing the
variation of melon quality. Cavity length and width were measured
with a hand ruler. Yield and quality data were analyzed statisti-

cally, and means were separated by Duncan's multiple range test.

Fall. After the harvesting of spring cantaloupes while subsurface
trickle lines remained in place, old vines were removed using an
onion knife that was mounted to a tractoxr tool bar to cut off wvine
tops from roots, followed by hand raking tops into the furrows; a
rotary Lilisten cultivator was then used to prepare a seed bed; and
fall cantaloupes were planted on July 31, within 5 days from final
harvesting of spring cantaloupes. Trickle irvigation treatments,
cantaloupe variety, water filtration, water measurement, thinning,
and harvesting procedures were the same for the fall as the spring
cantaloupes. The furrow-irrigated border was again used as a stand-
ard to check yield, fruit quality, and comsumptive use.

Water applications for germination of 1.8 and 3.7 inches were
applied to all trickle and furrow plots, rvespectively, on August 1.
Plant emergence began on August 6; however, by August 9 a few seed-
lings had died or appeared to show salt damage on the trickle plots.
Additional trickle ivrigations of 0.9 and 0.7 inches of water were
given on August 9 and 12, while soil salinity samples were taken along
the plant row before irrigating on August 12. The voung plants on
the trickle plots appeared to vecover and were about the same size as

the furvow plants by thinning on August 23. After thinning, 0.5 and
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3.3 inches of water were applied to all trickle and furrow treatments.
Subsequent furrow irrigations were given of 3.7 inches on September
8, 3.3 inches on September 22, 3.6 inches on October 6, and 2.0
inches on October 20. The different trickle quantities (1.0, 0.8,
and 0.6 times the estimated consumptive-use rate) and frequencies
(weekly and daily) began on September 4 and continued to either har-—
vest or the end of harvest. The 1977 consumptive-use curve measured
for fall cantaloupes was used as a guide for scheduling irrigations.

Fertilizer applications included 150 lbs/acre of ammonium phos—
phate (16-20-0) banded 2 inches deep near the seed row on August 1
(before planting), 85 lbs/acre of urea (46-0~0) on August 23
(thinning), and 85 1bs/acre of urea on September 8 for borh trickle
and furrow plots. Cantaloupe harvesting began on October 18 and
ended on November 9, lasting 23 days. Fruit quality samples were
taken on three picking dates using procedures identical to rhe spring
harvest.

RESULTS AND DISCUSSION:

Spring. The 1978 measured consumptive use was 18.7 inches of
water for furrow-irrigated spring cantaloupes. This was nearly the
same as the 4-year seasonal average of 19.1 inches determined by
Erie et al. (1). A high water-application efficiency was obtained
on the single furrow treatment, since the total water applied for
the season was 19.4 inches. For the trickle treatments, the actual
amounts of water made available for consumptive use, as calculated
from the water applied plus rainfall, are shown in Table 1. The
adjusted trickle dirrigation quantities were 1.20, 0.97, and 0.77
times the 1978 measured consumptive use for the weekly and daily
trickle until the end of harvest, and 0.98, 0.81, and 0.65 rarios
for the weekly and daily trickle to the beginning of harvest.

Yields for spring cantaloupes are summarized in Table 2. Con-

tinuing to trickle irrigate until the end of harvest did not increase

production or lengthen the harvest period over discontinuing to

trickle irrigate at the beginning of harvest. As plant consumptive
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use declined drastically (Figure 1), the additional water applied
during harvest did not enhance plant growth. Ample soil moisture was
present in the root zone to mature the melon crop where trickle irri-
gation stopped at harvest. Maximum cantaloupe production was obtained
when the seasonal subsurface trickle irrigation gquantity was nearly
equal to the consumptive use under furrow irrigation. Results of
1977 cantaloupes showed that cantaloupe production did not further
increase yields where trickle application exceeded the consumptive
use by 25 or 50%. Marketable crates per acre decreased by 24 and
39% with applications at about 20 and 40%, respectively, below con-
sumptive use; the total number of marketable melons larger than a
size 36 declined by 29 and 53%; and the total number of marketable
melons declined by 16 and 21% (all significant at the 1% levei,
Table 2). A trend of increased percentage of culled fruit resulted
frém the drier treatments, but the total number of culled fruit
changed little with irrigation quantity (Figure 3). Spring produc-
tion was not affected significantly by the two irrigation frequencies
(Table 2). Marketable crates per acre were greater than 380 for
both trickle and furrow irrigations with water applications near the
consumptive-use requirement. Current commercial yields range from
150 to 250 crates per acre of spring cantaloupes dn Arizona (2).
Table 3 shows that increased production at the optimum irrigation
quantity was due to a greater number of larger 23— and 27-sized
melons. However, the soluble solids (sugar percentage) improved for
water applications at or below the consumptive-—use requirement (Table
4). All the fruit-quality measurement (soluble solids, general
appearance, netting, outside color, flesh firmness, and cavity dry-
ness) were exceptionally good during the first week of harvest (Table
4). Fruit quality decreased during the second week of harvest, but
the differences between treatments tended to be small (Table 5). »
Figure 2 shows that about 757 of the marketable crates per acre
for the optimum irrigation quantity were produced in the first 11

days of the 27-day harvest, and about 307% of the marketable crates
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per acre were produced in the first 6 days, regardless of the irriga-
tion quantity or frequency. After 6 days of harvest, marketable
crates increased more for trickle quantities near the consumptive use
than below. Relatilonships for total marketable melons were similar
for crates per acrve (Figure 3). The 1007% production value represented
about 1.5 fruits per plant, while 75% production would be 1.15 fruits
per plant.

Fall. The measured consumptive use was 16.1 inches of water for
furrow-~irrigated fall cantaloupes. This was similar to the 1977 con-
sumptive use of 15.8 inches used to schedule the irrigations in
1978. The adjusted trickle irrigation quantities, considering water
applied plus rainfall, were 1,05, 0.86, (.71 times the 1978 measured
consumptive use for the weekly and daily trickle until the end of
harvest, and 1.00, 0.81, 0.68 ratios for the weekly and daily trickle
to the begimning of harvest (Table 1). On the furrow treatment, 16.6
inches of water was applied; and the consumptive-use ratio was 1.18

Fall cantaloupe yields are listed in Table 6. About 0.8 inches
of rainfall occurred during the harvest period, and trickle irriga-
tions to the end of harvest were not completed on a continucus basis.
Therefore, resulits showed that yield differences betwesen trickle
irrigation throughout harvest and trickle terminated at harvest were
small. However, marketable crates per acre decreased by 28 and 64%,
where applications again were decreased by almost 20 and 407%; the
total number of marketahle melons larger than a size 36 decreased by
31 and 75%; and the total number of marketable melons decreased 7
and 19.7% (all significant at the 5% level). The reason forx the
greater percentage decrease for marketable crates and larger fruit
than total marketable fruit was caused by a decrease in melon size
and an increase in culled melons when less than the consumptive-use
requirement was applied (Table 7). Weekly compared to daily sub-
surface trickle increased marketable crates per acre by 367 and
increased the number of frult larger than size 36 by 44% {(both signif-

icant at the 5% level). Vo significant difference between the total
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marketable melons per plot was recorded, while there was a trend of
increased cull percentage for the daily over weekly trickle (Table 6).

Checking yields with the standard furrow irrigation method, the
subsurface trickle produced fewer marketable crates per acre and
marketable fruit larger than size 36; but the number of marketable
fruit harvested per plot was similar for both methods (Table 6).
Harvesting on the furrow plots was 2 to 3 days later than on the
trickle plots, but lasted 3 to 4 days longer. Total production was
lower in the fall than the spring, as expected:; however, marketable
yields were certainly respectable where the irrigation quantity was
near optimum (2). |

Table 7 indicates that the increased yield near the 1.0 trickle
quantity and for weekly over daily was due to a greater number of
larger melons, particularly the size 23 and 27. As the irrigation
quantity decreased, the number of culls increased, although the num—
ber of green fruit remaining after harvest was less. Tables 8 and 9
show soluble solids to increase as the trickle ilrrvigation quantity
became less than 1.0. General appearance, netting, cutside color,
and cavity dryness did not decrease until the trickle quantity
approached 0.56. Overall, the frult quality was better during the
first than the second week of harvest, while scluble solids were
unchanged between weeks.

Approximately 75% of the total marketable crates per acre were
produced in the first 14 days of the 23-day harvest on the optimum
1.0 trickle quantity (Figure 5). Again, about 30% of the marketable
production was produced in about 6 days for both the 1.0 and 0.8
trickle quantity; however, the 0.6 quantity had lower vields during
the entire harvest. After 14 harvest days, the 75% marketable
melons represented about 0.6 of a fruit per plant, whereas the poten-
tial full-season harvest represented about 0.8 of a marketable fruit
per plant in the fall with adequate water {(Figure 6).

Winter. Aftexr the fall cantaloupe harvest, high-population

carrots and dry onions were precision planted on December 12. The
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bed was first flattened, cultivated, and two additional trickle lines
were installed. Three trickle lines were spaced 25 cm apart at a
10~cm depth with a 100-cm top width on the bed. The east trickle
line was the same used since April 1. Fifteen rows of carrots and
onions were spaced 6 cm apart, while carrots were planted about 2 cm
and  onions about 5 cm along the row.

Subsurface over surface trickle offers several potential advan-—
tages for vegetable production in terms of less interference with
thimming, cultivating, weeding, harvesting, replanting, or other
field operations. Subsurface lines will not deteriorate rapidly
from exposure to high temperatures or require staking during germina-—
tion for protection against wind movement. Although chemical treatment
of the drrigation water has not been used, root clogging has not
cccurred on the subsurface trickle lines to date.

SUMMARY ;

Multiple cropping and minimum cultivation were used to evaluate
the practical advantages of subsurface over surface trickle irriga-
tion. Two consecutive cantaloupe crops were produced in 1978, and
onicns and carrots were planted in late £all. The same subsurface
trickle system was used for all the crops, whereas surface tyickle
would have required removal and replacement of old or new trickle
lines.

Maximum cantaloupe production was obtained with subsurface
trickle applications near the consumptive use of about 18 inches in
the spring and 16 inches in the fall. Marketable vields declined
by 24 and 397 with applications at about 20 and 40% less than this
optimum amount in the spring, while yield reductions were 28 and 64%
in the fall. Water applications at 40% below consumptive use
decreased considerably the fruit size and increased somewhat the
soluble solids. Weekly subsurface trickle tended Lo increase yields
over daily subsurface trickle, which was statistically significant
in the fall and not in the spring. Regardless of the drrigation

frequency or quantity, approximately 75% of the total potential

2~8
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marketable melons were produced in the first 11 days of harveét in the
spring and 14 days in the fall. Harvest lasted 27 and 23 days in the
spring and fall, respectively. Continuing to trickle irrigate during
harvest compared to discontinuing to trickle irrigate at harvest did
not improve production. The best quality melons were picked during
the first 7 harvest days, while optimum trickle and furrow irrigation

productions were comparable.
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Table 1. Availlable moisture and adjusted quantities for trickle irrigation of spring and fall cantaloupes, 1978.

Total avallable Adjusted
Irrigation treatment Water moisture for irrigation
Practice Frequency Quantity applied Railnfall consumptive use quantity
(days) (consumptive~use ratio) (inches) (dinches) {inches) (consumptive-use ratio)
Spring Cantaloupes
Trickle to  weekly 1.0 20.4° 1.5 21.9 1.20°
end of and 0.8 16.3 1.5 17.8 0.97
harvest daily 0.6 12.6 1.5 14.1 0.77
Trickle to weekly 1.0 16.4 1.5 17.9 0.98
beginning and 0.8 13.2 1.5 14.7 0.81
of harvest daily 0.6 10.3 1.5 11.8 0.65
Furrow variable 1.0 19.4 1.5 20.9 1.15
Fall Cantaloupes
Trickle to weekly 1.0 14.6b 2.4 17.0 1.05d
end of and 0.8 11.4 2.4 13.8 0.86
harvest daily 0.6 9.1 2.4 11.5 0.71
Trickle to weekly 1.0 13.7 2.4 16.1 . 1.00
beginning and 0.8 10.7 2.4 13.1 0.81
of harvest daily 0.6 3.5 2.4 10.9 0.68
Furrow variable 1.0 16.6 2.4 19.0 1.18

a/ Based on
b/ Based on
/ Based on

£
4/ Based on

the measured
o

the measured

the measured

the measured

consumptive
consumptive
consumptive

consumptive

use

use

use

of 21.4 inches for
of 15.1 inches for
of 18.2 inches for

of 16.1 inches for

1977 spring cantaloupes.
1977 fall cantaloupes.
1978 spring cantaloupes,

1978 fall cantaloupes.
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Table 2. Summary of spring cantaloupe yields (mean of 5 replications), 1978.

Trrication T . . Marketable No. of fruitl/ Total no. frui'g/
i o -reacmen crates per per plot per plot Percenti/
Practice Frequency Quantity acre 36 and larger harvested culls
Kk e Tk Sk
Trickle to  Weekly 1.20" 436,08 58.45 81.02° 8.3%
end of 0.97 306.5 38.0%¢ 65.4 10.7ab
harvest 0.77 264.7 29.0%%8 64.0 14,92P¢¢
Daily 1.20 436.3% 59.62 87.4ag 12.353”d
0.97 345.28 44.6°°¢ 74.0.°° 12.927¢
0.77 248.3" 24, 8% 65.6 19,7°¢
Trickle to  Weekly 0.98 377.122 50.6ZEC 76.22df 15.13263
beginning 0.81 313.29¢ 39. 4 € 7o°4def 13.9adC
of harvest 0.65 258.4°" 27.2°8 68.8%¢ 20.3°
Daily 0.98 418.323f 54.822f 90.65 16.6EC§
0.81 297.6 36.8 71.2°¢ 17.7dC
0.65 247.0 24,28 67.0° 21.1
Furrow Variable 1.15 381.2 51.3 79.5 12.4

*Ratio of seasonal consumptive use of 18.2 inches measured on furrow irrigation plots.
#*Means followed by the-same letter belong to same population at the 5% level of significance.

1/ Melons of size 23, 27, and 36 are included (Table 3).

2/ Melons of size 23, 27, 36, and 45 plus culls are included (Table 3).

3/ Number of culled fruit divided by the total number of fruit per plot harvested,
- expressed: as a percentage.
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Table 3.

Grading of spring cantaloupes (mean of 5 replications), 1978,

Average no. of melons per plot

ITrrigation Treatment Green
Practice Frequency Quantity 23%s 27's 36's 45%s Culls fruit
Trickle to  Weekly 1.20 20.4 20.8 17.2 16,2 6.6 12.8
end of 0.97 6.8 15.0 16,2 19, 6.8 14.4
harvest 0.77 4.8 8.0 16.2 23.6 9.6 8.4

Daily 1.20 12.6 19.0 20.8 19.8 10.8 11.0

0.97 14.8 18.0 19.0 17.8 9.6 18.0

0.77 3.4 7.0 14.4 24,2 13.0 4.4

Trickle to Weekly 0.98 16.4 19.6 4.8 16.0 11.2 10.0
beginning 0.81 7.0 12.2 20.2 22.4 9.4 11.0
of harvest 0.65 3.2 6.4 17.6 25.6 13.8 6.0
Daily 0.58 10.4 16.2 16.0 19.2 15.0 7.4

0,81 11.0 14,2 23.8 24.6 12.6 7.0

0.65 2.6 7.0 14.6 23.6 14.0 4.0

Furrow Variable 1.15 16.2 16.2 17.5 18.3 9.8 9.0

Ci

Ratio of season consumptive use of 18.2 dinches measured on furrow irrigation plots.
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Table 4. First week quality of spring cantaloupes (3 picking dates, mean of 60 fruitr), 1978,

2/ / 2/ 2/ 2/ 3/ 3/

Outsg ide—%

Trriontd Treatma /
Lrrigation Treatment PercenL}-* General™ 2/ Flesh=" Tlesh~ Cavity™ Cavity™ Cavity™
Practice Frequency Quantity sugar appearance Netting— color color’ firmness dryness length width
(cm) (em)
*
Trickle to Weekly 1.20 12:4 6.0 6.4 6.6 6.3 6.7 5.5 8.5 5.9
end of 0.97 13.0 5.8 6.1 6.4 6.1 7.2 5.7 8.2 5.8
harvest 0.77 13.0 5.7 6.0 6.3 5.9 6.8 5.2 7.9 5.6
Dally 1.20 11.8 5.8 6.2 G.4 5.8 6.4 5.1 8.3 5.9
0.97 12,7 5.7 6.2 6.4 6.0 6.8 5.4 8.5 5.9
0.77 12.7 5.8 5.0 6.3 5.9 6.8 5.4 7.8 5,5
Trickle to Weekly 0.98 12.1 5.8 6.1 6.4 6.1 6.5 5.5 8.7 5.8
beginning 0.81 13.0 5.8 6.1 6.3 5.8 6.6 5.6 8.3 5.8
of harvest 0.65 12.9 5.8 6.1 6.3 5.9 6.9 5.3 8.0 5.8
Daily 0.98 11.8 5.8 6.2 6.5 6.0 6.7 5.5 8.2 5.8
0.81 12.06 5.9 6.3 6.4 5.9 6.8 5.4 8.3 5.8
0.65 12.9 6.1 6.2 6.5 5.8 6.9 5.5 7.9 5.7
Furrow Variable 1.15 13.8 5.9 6.5 6.6 6.2 7.0 5,8 B.4 6.0

% Ratio of seasonal consumptive use of 18.2 iaches measured on Furrow irrigation plots,
1/ Measured by a handheld sugar refractometer.
_2_/ Visual evaluation, rated on a 1 through 9 scale, with 9 the most desirable.

3/ Measured by a handheld ruler.

\
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Table 5. Second week quallty of spring cantaloupes (2 picking dates, mean of 40 fruitr), 1978,

. P 2
Irrigation Treatment Percentl/ Generalgf Outsidez/ Fleshg/ Flesh:/ Cavityg/ Cavityé/ Cavityg/

Practice Frequeacy Quantity sugar appearance Netting— color color firmnpess dryness length width

(em) (cm)

*

Trickle to Weekly 1.20 12.3 5.7 5.9 6.2 5.1 6.5 5.1 8.9 6.2

end of 0.97 12.5 5.0 5.3 6.4 4.7 6.2 5.1 8.4 6.0

harvest 0.77 11.9 5.3 5.4 6.1 5.1 6.3 4.6 8.5 5.9

Daily 1.20 11.6 5.0 5.4 6.1 4.8 5.9 4.8 8.7 6.1

.87 11.4 4.6 5.1 5.7 4.6 6.0 4.9 8.6 3.9

0.77 11.7 5.4 5.4 6.3 4.8 6.2 4.9 8.2 5.8

Trickle to Weekly 0.98 11.8 5.1 5.7 6.3 4.9 6.6 5.2 8.5 6.0

beginning 0.81 11.1 4.9 5.4 6.1 4.4 G.4 4.9 8.5 6.0

of harvest 0.65 12.7 5.2 5.6 6.5 4.8 6.4 4.9 8.3 5.8

Daily 0.98 11.6 5.3 5.7 6.2 5.1 6.2 5.0 8.8 6.2

0.8 11.0 4.1 5.4 6.2 4.3 6.3 5.2 8.5 6.1

0.65 11.1 bob 5.7 6.2 4.3 5.2 (8] 8.5 5.9

Furrow Variable 1.15 12.0 5.3 5.7 6.2 5.5 6.7 5.1 8.6 6.1

* Ratio of seasonal consumptive use of 18.2 inches measured con furrow irrigation plots.
1/ Measured by a handheld sugar refractometer.
2/ Visual evaluation, rated on a 1 through 9 scale, with 9 the most desirable.

3/ HMeasured by a handheld ruler.
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Table 6. Summary of fall cantaloupe yields {mean of 5 replications), 1978.

. X X Marketable No. of fruit;/ Total no. fruitg/
Irrigation Treatment i ) 3/
crates per per plot per plot Percent™
Practice Frequency Quantity acre 36 and larger harvested culls
ek ek Ex EE
Trickle to  Weekly 1.05% 216#52 2.8 59.4§E§d 34,97
end of 0.86 196.0. 26.07 54.2°7 31.25°
harvest 0.71 96.0° 9.8 49.4 60.4
1 -
Daily 1.05 208.0" 25.2" 61.420 35,120
0.86 128.0, 15.0 55.4% ¢ 53.2¢
0.71 62.6 4.2° 47.6 70.2°
] 3
Trickle to  Weekly 1.00 271,33 36,6§ 60.4°°¢ 26,4Zb
beginning 0.81 213.4 4 26.4de 62.6d 37.4,e
of harvest 0.68 93.3° 5.0 47.8 58.7¢
Daily 1.00 211.8 27.4Ed 66.4° 43.52?
0.81 119.1% 13.27 57.4§C§ 60,45
0.68 73.7 5.6 54.0 68.8
Furrow Variable 1.18 258.0 32.7 63.2 29.0

*Ratio of seasonal consumptive use of 16.1 inches measured on furrow irrigation plots.
#*Means followed by the same letter belong to same population at the 5% level of significance.

1/ Melons of size 23, 27, and 36 are included (Table 7).

2/ Melons of size 23, 27, 36, and 45 plus culls are included (Table 7).

3/ Number of culled fruit divided by the total number of fruit per plot harvested,
expressed. as a percentage.
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Table 7. Grading of fall cantaloupes (mean of 5 replications), 1978.

Average no. of melons per plot

Irrigation Treatment Green
Practice Frequency Quantity 23's 27's 367s 45%g Culls fruit
Trickle to  Weekly 1.05° 11.2 8.4 6.4 12.0 21.4 16.4
end of 0.86 6.2 7.8 10.0 13.0 17.2 6.8
harvest 0.71 1.4 4.2 4,2 9.8 29.8 8.0

Daily 1.05 6.6 9.0 9.6 13.8 22.4 23.0

0.86 2.8 7.0 5.2 9.4 30.2 12.6

0.71 0.8 1.8 1.6 9.6 33.8 2.2

Trickle to Weekly 1.00 13.6 11.8 11.2 9.8 16.0 9.8
beginning 0.81 7.4 9.8 9.2 12.8 23.4 3.4
of harvest 0.63 0.8 4.0 4.2 10.6 28.2 1.4
Daily 1.00 11.6 7.8 8.0 9.0 30.0 12.4

0.81 4.2 5.0 4.0 9.2 35.0 5.8

0.68 0.6 1.0 4.0 11.2 37.2 G.6

Variable 1.18 13.0 10.5 9.2 12.2 18.3 13.3

Furrow

% :
Ratio of seasonal consumptive use of 16.1 inches measured on furrow irrigation plots.
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Table 8, TFirst week quality of fall cantaloupes (2 picking dates, mean of 40 fruit), 1978,

Irripgat: Treatment . y 2/ 2 : / 3 3
trrigation Treatnent Percentlf Gen@ralé/ Outsié&gj Flesuzf Fleshz/ Qavmtygj Cnvity~/ Cavity«/
Practice Frequency Quantity SUEL appearance Netting~ Coloyr Colox firmness dryness leuapth width
(om) {cm)
Subsurface Weekly 1.05% 10.9 5.5 6.0 5.9 5.4 5.9 4.5 8.6 5.6
tyickle 0.86 11.5 5.6 6.1 5.9 5.4 5.8 4.7 7.9 5.3
' 071 12.7 4.6 5.2 5.1 5.5 6.3 4.5 7.3 5.0
Daily 1.05 10.4 [Ne 5.5 5.1 4.8 6.0 4.3 8.4 5.5
0.86 9.9 4oty 4.7 4.6 5.0 5.3 3.9 7.5 5.0
0.71L 12.2 4.7 5.0 4.9 5.3 5.7 4.5 7.4 5.2
Subsurface Weekly 1.00 10.1 5.9 6.3 6.3 5.2 5.8 4.6 8.4 5.5
trickle 0.81 11.3 5.3 5.9 5.8 5.2 6.1 4.0 §.2 5.4
carly .68 12.4 4.8 5.2 5.2 5.2 5.8 4.2 7.3 5.0
uk-olf . - . . . p N .
cutee Daily 1.00 16.5 5.2 5.6 5.7 5.3 5,7 5.6 8.6 5.7
0.861 10.6 4.5 4.7 4.7 5.2 5.5 3.8 7.0 4.9
G.68 10.9 4.3 4.5 4.6 h.6 5.3 3.8 7.3 5.0
Furrow Variable 1.18 1101 5.5 6.1 5.9 5.4 6.3 4.6 8.3 5.6

* Ratio of scasonal consumptlve use of 16.1 inches measured on furrow irvigation plots.
1/ Measured by a handheld sugar refractometer.
2/ Visual evaluatlon, rated on a 1 through 9 scale, with 9 the most desirable.

3/ Measured by a handheld ruler.
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Table 9. Second week quality of fall cantaloupes (1 picking date, mean of 20 fruit), 1978.
Irrigation Treatment Percentif Generalz- 2 Qutside~ Flesbg/ Fleshg/ CavityZ/ Cavityéj Cavityél
Practice Frequency Quantity sugar appearaince Netting~ Color color firmness dryness lenpth width
{cm) (cm)
Subsurface Weekly 1.03% 11.0 5.1 5.5 5.2 4.5 5.6 3.9 8.2 5.2
trickle 0.86 1i.3 5.5 5.7 5.9 6.4 6.2 4,1 8.2 5.3
0.71 12.4 4.8 5.1 4.8 5.8 5.7 3.7 7.2 4.8
Daily 1.05 10.3 4.7 5.5 5.2 5.4 5.3 3.8 8.3 5.2
0.86 1l.4 5.0 5.3 5.1 6.1 5.5 3.5 7.8 4.8
0.71 12.1 5.0 5.1 5.1 5.6 5.1 3.8 7.4 5.0
Subsurface Weekly 1.00 10.2 5.9 6.3 6.2 5.5 5.4 A 8.7 5.8
trickle 0.81 11.4 6.3 6.4 6.3 6.7 6.0 4.1 8.2 5.5
early 0.68 13.0 4.7 5.0 5.0 5.8 5.7 3.9 7.5 5.0
cut=off

Daily 1.00 10.0 4.7 5.1 5.2 5.1 5.2 3.7 8.5 5.5
0.81 11.5 4.9 5.1 5.0 6.3 5.6 4.0 7.7 5.1
0.68 11.1 4.9 5.2 5.2 5.3 5.2 3.3 7.3 4.8
Furrow Variable 1.18 11.8 5.8 6.1 6.0 6.0 6.1 4.7 8.4 5.7

* Ratio of seasonal consumptive use of 16.1 inches measured on furrow irrdigation plots.

1/ Measured by a handheld sugar refractometer.
2/ Visual evaluation, rated on a 1 through 9 scale, with 9 the most desirable.

3/ Measured by a handheld ruler.

s

N
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APPLIED ACCORDING TO CONSUMPTIVE USE, 1559-62 ond 77

18,4 n.
|~ —-~~ MEASURED CONSUMPTIVE USE, {978
0.4 18.2 1, SN .

CONSUMPTIVE USE (in./day)

APPLIED | / Q.15 0.53 0.88 2.00 4.00 5.890 4.05 1.26
MEASURED 0.18 0.51 0.87 1.68 4.20 8.27 3.45 .02
APR, MAY JUN, JUL.

Figure 1. Applied and measured consumptive-use curves for spring

cantaloupes, 1978.
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PERCENTAGE OF TOTAL MARKETABLE MELONS
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TITLE: RESEARCH, DEVELOPMENT, AND DEMONSTRATION OF AUTOMATED SURFACE
WATER DISTRIBUTION SYSTEMS FOR GRAVITY IRRIGATION
MR

av}

20740 CRIS WORX UNIT: 5510-20740-003
CODE NO.: USWCL 74-2
INTRODUCTION:

An auvtomated irrigation system reduces farm labor requirements
and as an irrigation tool, assures more precise control of the guan-
tity of water applied. Betteyr control of water results in water
saving and generally crop vield improvement, Improving the irriga-
tion efficiency will reduce the water return flow associated with the
water qualilty degradation to a river system such as the Colorado River.
OBJECTIVES:

This study is a paxt of an effort to improve the irvigation effi-
ciency in the Wellton-Mchawk Irvigation and Drainage District and re-
sultant low water gquality rveturn flow to the Colorado River with
objectives

1. To demonstrate {on-farm) the use of presently-available
schemes for auntomating surface water distribution systems in the
Wellton~Mohawk area of Arizona.

2. To design, develop, and demonstrate improved automated
systems.

Two filelds were automated dn 1975, to demonstrvate first a 1ifp-
gate operated surface distribution system, and then a concrete port
outlet system in combination with lift-gates. ©Each system is pneu~
matically actuated by a clock-controller at a central location which
signals irvigation field changes according to preset times. For fur-
ther intvoduction, see 1975 Annual Report.

At the request of the Sc¢ll Conservation Sexrvice, we designe&
and installed the first cost-shared automated irrigation system as
part of the on~farm irrigation improvement program administered by
the Soll Comservation Service in the Wellton-Mohawk Irrigation and
Drainage District. The system is on the Ron McDonnell-Bob McElhaney

farm near Wellion, Arizona. Twenty-five lift-gates were automated
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- which service 23 fields averaging about 2.6 acres each. The system
was installed in May 1977, and has been used to irrigate through two
irrigation seasons.

RESULTS AND DISCUSSION:

~ Woodhouse Automation--Lift-Gates

The system was used for nearly all irrigations during 1978, but
three times gate actuation problems were reported. In all cases the
problem was traced to improper functioning of solenoid-operated, 3-way
normally open valves associated with safety overflow and excess water
disposal functions. The problem has been reported to the manufacturer.
Generally, some foreign materials have been found in the valves but
the source of the material is unknown. The valves will be replaced
during 1979. '

Upon burning bermuda grass along the canal, plastic tubing houséd
inside a plastic meter box was melted and had to be replaced. The
plastic tubing should be insulated.

1978 completed nearly four years' operation of this automated
equipment and most of the components—-many never used in this environ-
ment previously~-have functioned extremely well. The air cylinders
still bypass hardly any air and the pneumatically-operated 4-way
valves attached to the gates, continue to function satisfactorily.

The system will continue to be used during 1979.

Naquin Automation-—Ports and Lift-Gates

The automated port system on the Naqiin farm was used about 15
times during 1978. All basins were in alfalfa. Changes or additions
made to the system during 1978 included addition of quick exhaust
valves near the ports of basins 1 through 4, isolation of the over—
flow signals, and redesign of the port closures to all basins exéept
basin 3.

In the original design of the port system, ailr was vented at the
control center, a distance of as much as 1900 feet, for ports to *
basins 1 and 2. Port closure (pressurization) under this condition

was much quicker than port opening (depressurization/vent). The delay
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between closure and opening caused an undesirable overflow actuation
when making a normal switch from basins 1 to 2 or 3 to’4. In an
effort to delay port closure, an air-throttling valve was installed
“in the air supply going to the upper four basins. Although this wés
an improvement, it did not eliminate the problem. I then installed
quick eXhaust-valves in each air supply tube near each set of six
bellows for basins 1 through 4. The valves were located in water
meter boxes along the canal. Quick exhaust valves function as shuttle
- valves when air is supplied to the inlet, but exhaust ta the atmos—
phere when the inlet pressure drops slightly. Hence, when the exhaust
valve senses a decrease in pressure (basin switch signaled at control
center) the air in the bellows is immediately exhausted at the quick -
exhaust valve rather than at the control center. ' This change @roved
to be satisfactory.

At least one overflow sensing unit is located on each canal reach
upstream from a check gate or the end of a canal. The overflow.turn-—
outs (ports or gates) that are used with a particular overflow sensor
should be those common to that reach of canal. In the original design
of the Naquin system, however, overflow sensed by any one of three
overflow sensors could operate all gates or ports as overflow turn-—
outs, if so designated by the irrigator. This proved to be unsatis-
factory when switching from lower-lying basins to upper basins since
time delays were significant and port opening was slow. The problem

was alleviated by isolating the overflow sensing devices so that:

Qverflow {OF) Basin ports or gates actuated
OF-1, Upstream from check gate Basins 1 and 2, Check
(CG-1) adjacent to basins = gate 1
1 and 2 .
QF-2, Upstream from CG-2 adjacent Basins 3 and 4, CG-2
te basins 3 and &
QF-3, Upstream from CG-3 adjacent Basins 5, 6, 7, or 8, and
to basins 5 and 6 CG-3

Debris collecting on the port closures continued to be a problem

during 1978. One closure was modified in 1976 by eliminating ome of
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the support legs, turning the structure 45°, and hanging the closure
plate from the upper leg. Very little debris collected on this -
modified closure during 1977 and 1978. WNew structures for all ports
except those leading to basin 3 were designed and built during the
fall of 1978, and are to be installed in early 1979. The design was
essentially the same as the one closure modified in 1976, except the
support legs were farther away from the port ring than the originals .
and the plates were larger. Their function will be evaluated and com~
pared to the originals still being used for basin 3.

Brass couplings used for connecting polyethylene tubing under-
ground were examined when the quick exhaust valves were installed and
were Iin excellent conditions. .

The Naquin system will be used aﬁd evaluation continued during
1979.

McDonnell-McElhaney Automation

The sysiem on the McDonnell-McElhaney farm has been used to irri-
gate through two irrigation seasons with very little problem. - After
the first two irrigations in 1977, the system has been used solely by
the farmers. A few items have been evaluated or modified during 1978.

The particular gates to be opened when an overflow is sensed are
selected by the irrigator by turning "on" a toggle-operated pneumatic
valve attached to the 4-way valve at the gate (Valve 3 in Figure A).
We have found that Valve 2 remains in a partially shifted position
when air signals are received at both parts (N/O and N/C)--signal from
both the timer and overflow to open the gate. If Valve 2 were
replaced with a shuttle valve (configuration shown in Figure 1B) the
problem would likely be eliminated. Such a replacement will be made
during 1979.

k Operation of the excess water disposal function is dependent upon
a solenoid-operated air valve. The valve, the same as used on the.’
Woodhouse system, occasionally leaked and was replaced by another
valve from a different manufacturer——the same valve used on Naquin

system for 2 years without problems.
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Material that accumulated on the rod surface of the air cylindefs
has been removed 3 or 4 times by brushing over the 2-year period.
Normally the rods would be wiped clean, but infrequent‘operation and
rod exposure between irrigations had lead to the accumulation. It
is easily removed but needs to be prevented if possible. Canvas
sleeves are to be tried as a protective shield to the rods.

The time required for an air piloted valve to operate depends on
tubing size and length, the operating pressure, and pilot activation
pressure. Of prime importance, when.automatically switching gétes
during an operatioﬁ, is that a gate opens at the same time or before’
another géte closes. 1In last years® Annual Report we reported a
laboratory~developed relation between distance to gate (valve) and
time of actuation. In Figure ? we show the actual situation for the
McDonnell-McElhaney system. The difference in opening time to closure
time for gates located at about the same distance from the control
center is as much as 1 minute, 35 seconds at about 2200 ft. (last
gate).

» With the ekception of the three normally open gates used for
émergency water turnoui in casé of air loss to the system, éll gates
are closed betWeen irrigations. In some instances this does not allow
the canal to drain between irrigations and may cause rusting of the
gates. A short helical spring was designed that could be loaded into
gate cylinders to maintain a normally open gate (open only 1/2 to 3/4-
inch) for drainage purposes. The spring characteristics were:

Spring force at 0.75-inch displacement is about 600 pounds;
freelength 2.50 inch; coils, 4-1/2; wire diameter, 0.225 inch;
inside diameter, 1-1/32 inch; material 17-7 stainless steel.

The automated system was featured at a University of Arizona
Extension Service-sponsored field day on 26 January 1978. The field
day was attended by more than 70 growers aﬁd agribusiﬁess leaders.
In addition, an article entitled "Flood Irrigation Without Fuss' was
published in The Furrow magazine, April 1978, Vol. .83, Issue 4,

featuring the automated irrigation system on the McDonnell-McElhaney
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farm. The farmers have demonstrated the system to many individuals
and groups other than organized demonstrations.

Hoffman Automation

I designed two more automated systems during 1978 that are part
of the SCS irrigation improvement program in the Wellton-Mohawk Trri-
gation and Drainage District. The fields to be automated, both farmed
by Joe Hoffman, are located about 20 miles apart. The first field
(110 acres) is divided into 8 basins, 4 on each side of the nearly
3000-ft concrete lined canal. The second field features 12 basins on
nearly 80 acres. Length of the canal in the second field is just over
2000 ft. Both systems use lift-gates {(jack-gates) as single inlets
to the individual basius.

The two primary differences between these systems and any done
previously are (1) the electrical wire and air tubing is directly
embedded inm the concrete canal lining (for gopher protection) during
the slipforming operation, and (2) a portable control center is.used
that is independent of 110 VAC power.

Embedding of the wire and tubing (5/16~inch 0.D. polyethylene)
was possible since the canal lining contractor operating in the
Wellton-Mohawk District, Mr. Fred Crabtree, was willing to have his
slipform modified to allow for proper wire and tubing placement.
Modification included attachment of a rack to the slipform for carry-
ing spools of wire and tubing, and cutting two holes in the chute to
provide entry of guides used for placement of the wire and tubing in
the desired position. Wires and tubes were located om both sides of
the liner along the outside lip of the canal. This loecation provided
access to the tubes and wires where gates were to be located. The
first canal was lined in December 1978, and required about 6 hoﬁrs to
cdmplete“ The wire and tubing placement caused little delay in thg‘
canal lining operation. The embedding operation was successfﬁl, but
the action of the concrete on the tubing and wire over a period of

time is unknown. The second canal will be lined in Februaxry 1979.
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Portable control centers (trailers) have been previously used at
other locations, but 110 VAC power was always available. Electrical
power to these fields would be quite costly, hence we decided to try
a control center independent of AC power. Gatekactuation requiresv
pressurized air at about 50 psi. DBotiled air or nitrogen supplied at
2200 psi (240 ft3 at atmospheric pressure) will be tried. Several
air bottles will be carried on the traller. Preliminary calculations
and tests in the laboratory indicate that three irrigatidns may be
attainable with one bottle providing the system is relatively air
tight. To reduce the air required, 24 VDC solenoid-operated (rather
than air-piloted) é4-way valves will be used to divert air for open-
ing/closing of the gates, since battery power is easier to maintain
than an air supply. The controller to be used will be provided by
Aquamatic. Timing is digital (minutes or hours-tenths hour). The
controller is normally powered by 110 VAC but will be modified for
12 VDC operation.

Other system features include:

(1) Air cylinders

(a) Maximum gate opening, 18 inches

(b) Cylinder bore, 3~1/2 inches {(not spring loaded)

(¢) Cylinders mounted so that rods retracted between
irrigations for protection against weathering

(2) Structural tubing was used to transfer the wire and tubing
across erosion cantrol structures. They were embedded in the concrete
and the tubing and wire were threaded through when the gates were
installed. Lids, about 18 inches long, were fabricated on the tubing,
to allow access to the 4~way valve and 3 toggle switches housed
inside the tubing.

(3) Selector switches (three) will be located at each gate to
allow irrigator selection of overflow gates, and irrigator actuation
of the gate without returﬁing to the control center--open gate if in
closed position or close gate if in open position;

Installation of the systems will be completed during the spring

of 1979 and both will be used to irrigate cotton the first year. The
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portability of the control center will be severely tested since the
distance separating the fields is about 20 miles.
SIMMARY AND CONCLUSIONS:

Two fields were automated in 1975 in the Wellton-Mohawk Irri-
gatioﬁ and Drainage District to demonstrate (on~farm) the use of
presently available automated schemes for coutrolling irrigation water.‘
to level basins and to design, develop, ahd demonstrate improved
systems. One 65-acre field on the Bob Woodhouse farm uses lift-gates
to confrol the water, while on a 70-acre field on the Jim Naquin farm,
concrete port outlets in combination with lift-gates are used. Each
system is pneumatically actuated by a clock/controller at a central
location which signals irrigation field changes according to preset
times. The systems were each used about 15 times during 1978 for a
total, since installed, of about 100 irrigation events. This type of
experience and use of the systems has been invaluable in development
ofimproved systems. Most of the irrigations have been completed by
the farmer/irrigator.

Gate actuation problems occurred during three irrigations in
1978 on the Woodhcuse sysitem. In all cases the problem was traced to
improper functioning of solenoid-operated, 3-way normally open valves
associated with safety overflow and excess water disposal functions.
This, however, was the only component problem encounterad and will be
corrected during 1979. '

Changes or additions to the Naquin system during 1978 included
addition of quick exhaust valves near basins 1 through 4 to shorten
the time of port opening; disolation of overflow signals so that an
overflow sensor operated gates or ports common to that particular
overflow; and port closures Were redesigned and built in an effort to
minimize debris collection. The closures will be tested during 1979.
The original closures to basin 3 will be used for comparison ﬁurposes.

Two technical papers describing the Woodhouse and Naquin systems

were publiished in the Transactions of the American Society of
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Agricultural Engineers. The papers are entitled "Automation of On~Farm
Irrigation Turnouts Utilizing Jack-Gates' and "Automation of Open Ditch
Irrigation Conveyance Systems Utilizing Tile Outlets.”

In May 1977, the first cost—shared automated iirigation system
was installed as part of the Soil Conservation Service's on—~farm irri-
gation improvement program in the Wellton-Mohawk Irrigation and Drain~
age District. The system, featuring pneumatically signalled and
actuated 1lift-gates, has been used’through two irrigation seasons
solely by McDonnell and McElhaney, the owner—operators. The valve
arrangement used to select which gates should actuate when an overflow
is sensed fails to function properly when air signals are received
from both the timer and overflow. Thevproblem will be alleviated dur—

ing 1979 with the use of a differvent valve. Canvas sleeves are to be
‘placed over the exposed cylinder rods in an effort to eliminate material
accumulation.

The autowated system was featured at a University of Arizona
Extension Service-sponsored field day on 26 January 1978. The field
day was attended by‘more than 70 growers and agribusiness leaders. In
addition, an article entitled "Flood Irrigation Without Fuss” was pub-
Jished in The Furrow magazine, April 1978, Vol. 83, Issue 4, and
featured the automated irvigarion system on the McBonnell-McElhaney
farm. The farmers have demonstrated the system to many individuals
and groups other than organized demonstrations.

Two more automated systems were designed during 1978 that are
part of the SCS irrigation improvement prcgram in the Wellton-Mohawk
Irrigation and Drainage District. The fields to be automated, both
farmed by Joe Hoffman, are located about 20 miles apart. The first
field (110 acres) is divided dinto 8 basins, 4 on each side of the
nearly 3000-ft concrete~lined canal. The second field features 12
basins on nearly 80 acres. Length of the canal in the second field
is just over 2000 ft. Both systems use lift-gates (jack-gates) as

single inlets to the individuwal basins.
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The two primary differences between these systems and any done

previously were (1) the electrical wire énd alr tubing is directly
embedded in the concrete canal lining (for gopher protection) during

the slipforming operation, and (2) a portable control center is used

that is independent of 110 VAC power. Controller and solenoid operatioﬁ
will be 12 and 24 VDC powered, respectively. Air used for gate actuatiqﬁ

will be supplied from air bottles at 2200 psi (240 ft3

at atmospheric -
pressure). Embedding of the air lines and electrical wires was
successfully completed for the 3000-ft canal in December 1978. The
placement of the wire and tubing caused very little delay in the lining
operation. The second canal will be completed in Febfuary 1979.

PERSONNEL: TLeonard J. Erie and Allen R. Dedrick
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Figure 1.--{A)

Original valve arrangement to -allow-for irrigator

selection of overfliow gates for McDomnell-McElhaney automated

system. Valve 1:
valve mounted on gate frame. Valve 2t
piloted diverter valve. Valve 3:

(B)

shuttle valve.

valve.

b-way, pneumatically piloted, spring return
3-way, pneumatically
roggle operated pneumatic

Proposed modification replacing valve 2 with a
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the McDonnell-McElhaney automated system, to operate when
pressurized (gate opened) from atmospheric pressure and
depressurized (gate closed) from 50 psi operating pressure
related to signal length or distance to gate. The signal

line tubes were 1/8-inch ID polyethylene tubing.
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TITLE: TIME RATE MOVEMENT OF WATER FOR DEAD LEVEL IRRIGATION

NRP: 20740 - CRIS WORK UNIT: 5510-20740-003
‘ CODE NO.: TUSWCL 74-3
INTRODUCTION:

More efficient irrigation within the Wellton-Mohawk Trrigation
and Drainage District potentially can reduce the drainage requirement
and associated quantity of salt returned to the lower Colorado River
system near Yuma, Arizona. The irrigation application efficiency in
many cases can be improved by changing the farm irrigation system. A
method referred to as level-basin irrigation can be highly efficient
and represents one such change.

For further introduction, see 1975 Annual Report.

OBJECTIVES:
(1) To determine the effects on time-rate-of-advance for
level~basin irrigation systems that are caused by:
(a) Field configuration
(b) Stream size or application rate
(c) Number and location of outlet structures
(2) To publish a practical publication explaining design prin-
ciples and water management criteria, including consider—
ation of cultural changes for implementing level~basin
irrigation. '
PROCEDURE:

Several time-rate-of-advance studies associated with the first
objective were planned and have been completed. Design principles,
water management criteria, land preparation, cultural changes, and

other aspects for using level basins have been or are to be published.
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RESULTS AND DISCUSSION:
A manuscript entitled "Level-basin irrigation: A method for con-
serving water and labor' was prepared and submitted to the USDA

Information Division for publication as a Farmers Bulletin. Alsoc a

paper entitled "On-farm level-basin irrigation - Save water and

energy'' was published in the Civil Engineering magazine. . In it we

described the role of technological inputs like laser controlled land
leveling, irrigation turnouts, mechanization, and improved water
measurement techniques when used in conjunction with level basins.

The concept of level-basin irrigation has been Introduced to
many potential users during 1978. This has been done by participating
in workshops; farmer meetings; field days; tours and discussions with
farmers from Utah, Nevada, and California; private consultantsg and
through presentations to university classes.

SUMMARY :

The utility of level basins as a low energy, high efficiency and
labor saving irrigation technique has continued to be emphasized to
potential users in Arizona, California, Colorado, Nevada, New Mexico,
and Utah. Some usage is expected to start in most of these states
during 1979.

PERSONNEL: L. J. Erie and A. R. Dedrick
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TITLE: CLOGGING POTENTIAL OF COLORADO RIVER IN TRICKLE IRRIGATION
SYSTEMS AND DEVELOPMENT OF METHODS FOR PREVENTING PLUGGING
- NRP: 20740 CRIS WORK UNIT: 5510-20740-003
CODE: USWCL 75~2
INTRODUCTION:

Part of the original outline was modified to include work being
conducted under Ariz.-WCL 71-11, "Chemical treatment of irrigation
water for the prevention of clogging and the removal of flow obstruc—’
tions in trickle irrigation systems.’ A formal Amnnual Report covering
the activities at Tacma, Arizona for 1978, has been given to the Soil
Conservation Service and Bureau of Reclamation, the original funding
agency. We were able to extend the study period foxr a fourth yeér S0
additional information on clogging and operation and maintenance
practices could be obtaired. The results will be summarized in a latér
section. |

Another aspect of great importance related to clogging is that
dealing with uniformity of water application. Porticns of this were
discussed in the 1977 Annual Report (Ariz.-WCL 71-11). Besides uni-

* formity or non-uniformity of water distribution, fertilizer, herbi-
cide and other materials added with the trickle system must be con—
sidered when application uniformity is considered.

PROCEDURE:

- A simulation model was developed for estimating coefficient of
variation when a certain fraction of the emitters in the trickle system
become clogged, In this approach, a statistical emitter population
is first established for an orchard area with a specified number of
A tree§ﬂin the unit area. The system can include from one to 10 or more
emitters per plant. In the computational procedure, enough emitters
are selected randomly from a theoretical statistical population &ith
a defined emitter flow rate and standard deviation that will make up
the trickle system. This procedure would be like picking emitters
from a group of emitters supplied by the manufacturers to the farm

operator for installation into the irrigation system. The average
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flow rate and standard deviation {or coefficient of variation) would
be the values provided by the manufacturer.

Once the simulated emititer population is established with the
normal range of .flow rates and frequencies, emitters are randomly
selected for clogging using the random number generator of the com-
puter. Furthermore, the routine is programmed so that the same emitter
is not clogged again when multiple clogging events are simulated.
Resultant system flow rates and coefficient of variation and other
statistics are calculated after the original emitter population is
modified through clogging.

RESULTS AND DISCUSSION:

The computed coefficients of variation for the clogging with
different numbers of emitters per plant are illustrated in Figure 1.
Obviously, clogging effects on uniformity are greatest with the system
having only one emitter per plant. Two emitters per plant improve upon
the coefficient of variation for the same percent of clogging. Four to
six emitters per plant appear toc be the better combination to use. If
yield function versus uniformity of application is available, econo-
metric computation could bhe made to determine the optimum number of
emitters per plant to use.

By applying the interrelation developed last year between coefficient
~of variation, coefficient of uniformity apd number of ewitters pex plant,
the effect of clogging can be incorporated into the system. Results of
Table 1 reinforce numerically the intuition-derived concepts that more
emitters per plant would give better water application distribution
and also the system can tolerate more degree of emitter clogging. Pre-
caution must be taken with the usé of the number, however, since even
with 80 to 90 percent uniformity coefficient, only 80 to 90 percent of
the plants will be adequately irrigated. To achieve 100 percent ade-
quacy, more irrigation water is needed, but some plants would be over-—
irrigated, consequently causing a decrease in irrigation efficiency.
SUMMARY :

Long—term observations on trickle emitters are necessary to

evaluate emitter performance and reliability. Experiments have shown
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that emitters exhibiting good potential in the first and even second
vear of operation could develop flow problems. In the water treat—

- ment, removal of suspended material is important for proper operation
of most types of emitters. Acid treatment with filtration for the
Colorado River water was as effective as the combination hypochlorite~
acid treatment for maintaining emitter operation. Apparently, micro-
, bial activity is not as great a problem with this water for the site
as other locations.

‘A simulation model based on statistics that accounts for the
clogging of emitters and its effect on application uwniformity was
developed. The effect of emitter clogging with various combinations
of emitters per plant is clearly demonatrated even with 5 to 10 percent
of the emitters being clogged. Two or more emitters per plant are
~ mecessary to maintain adequate water application uniformity in such
situations.

PUBLICATIONS:

1. DNakayama, F. S., Gilbert, R. G., and Bucks, D. A. 1978. Vater
treatment in trickle irrigation systems. J. Irrig. and Drain.
- Div., Amer. Soc. Civil Engin. 104(IR1):23-24.

2. Nakayama, F. 5., Bucks, D. A., and Clemmens, A. J. 1978. Assessing
trickle emitter application uniformity. Trans. Amer. Soc. Agric.
Eng. (In press).

3. Bucks, D. A., Nakayama, ¥. S., and Gilbert, R. G. 1978. Trickle
irrigation water guality and preventive maintenance. Agric. Water
Manage. {(In press).

4., Gilbert, R. G., Nakayama, F. S., and Bucks, D. A. 1978, Trickle
irrigation: Prevention of clogging. Trans. Amer. Scc. Agric.
Eng. {(In press).

PERSONNEL: F. S. Nakayama, B. A. Rasmick, D. A. Bucks, O. F. French,
R. G. Gilbert
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Table 1. Interrelationship betwesen number of emitters per plant,

percent emitters clogged and uniformity coefficient.

No. of Uniformity Coefficient (%)

emitters Percent clogged emitters
per plant 0 1 2 5 10 15 20
1 92 90 87 80 73 65 60
2 96 95 93 90 87 84 76
4 98 97 96 95 93 91 89
8 99 98 57 96 95 94 93
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TITLE: TFIELD EXPERIMENTS FOR SURFACE IRRI@ATION MCDEL
NRP: 20740 CRIS WORK UNIT: 5510-20740-003
CODE NO.: USWCL 78-10
INTRODUCTION:
An experiment was initiated to provide additional verification

o

£

the mathematical models that have been developed for border irriga-
tion. Additional objectives are to tesl methods of estimating the in-
filtration rates of a soil from surface water hydraulics and to
develop practical guides for estimating surface roughness in irriga-
tion borders. During 1978, three fields (C-1, B-1l, B-2) with acre-
ages 3.94, 3.74 and 9.32 were laser leveled to slopes of 0.000, 0.00L
and 0.0005, respectively. Special border dikes were constructed by
pulliﬁg up two extra high border dikes next to each other. A blade
was used to knock soil back into the dead furrow on the field side of
‘the dikes. The area between the two dikes was comvenient for walking
up and down the field while irrigating. The border strips were all
about 617 ft long and the widths were 110, 40, and 80 on the smaller
fields and 120, 40, 80, 120, 40, and 80 cn the larger field. All
borders were blocked to prevent runoff.

EXPERIMENTS :

The alfalfa seed was flown on teo minimize vehicle traffic, then
tilled into the soil. The first irrigation was made on September 21,
1978 just after planting. Advance and recession were observed on all
12 borders. Ring infiltration data was taken on the two outside
borders of field C-1 (level) at 100 ft dintervals, starting at station
0 + 50 and ending at station 5 + 50. Bouwer's method of determining
infiltration rates was used to estimate the infiltration rates for
thig drrigation. When all 12 borders were used, the results looked
good and are plotied in Figure 1. However, one standard deviation
in average depth applied represents about 1 inch at 3 1/2 hours,
which was almost 30%. Also, when using this method on only a few
borders, the resulis were rather poor, indicating that the infiltra-
tion was different in different borders. Difficulty in determining

recession times also probably affected the analysis. The ring data
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was plotted on log~log paper, both the Infiltration rate and the
cumulative dnfiltration. A wvolume balance showed that the data under—
predicted the infiltrated volume by about 30%. Both sets of data

were adjusted to reach a volume balance and are plotted in Tigure 1.

A comparison with Bouwer's method would indicate that the infiltration

rate data was probably better than the cumulative infiltration data.
Since the soil is a c¢lay loam (Avondale), this is reasonable. How-

ever, on more coarse-textured soil, the reverse is usually true.

0

The zero-inertia border dirrigation model was used to estimate

1

the advance and recession on thes

borders based on the infiltration

D

-t

data taken. In general, the model predicted advance too slowly, most
n f

likely due to the value chosen for the Manning roughpess coefficient.

The laser leveled fields with almost no tillage weve apparently

smoother than indicated by the Soil Comservaiion Service, who recom—

mend n = 0.04 for bare soil. A second fvvipation was run on October

11, 1978 with similar vesulte. Additional rings were set out to de-
termine the effects of driving the cvlinders on the infiltration. Ho
correlation existed.

To obtain more realistic, usable data, some water depth measure-
ments will be necessary to obtain water surface profiles. This will
improve the estimates of both infiltration rates and surface rough-
ness.

Small 1ift gates were installed on Field C-1 and swmall erosion
control structures were built. ILrosion was caused by floor jets
which were not blocked off by the tempovary sills. These gates will
eventually be automated to facilirate fast set chauges. Use of the
gates helps to maintain a uniform, stable discharge down the border
which is necessary for this study.

SUMMARY :

A field experiment has been initiated in an attempt to obtain
better data over a wider range of field conditions to investigéte the
usefulness of hydraulic wmodeling of the irrigation process and to
verify existing models. Preliminary investigations have shown that

some water depth measurements are necessary in order to obiain
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accurate estimates of infiltration and flow resistance.

PERSONNEL: Albert J. Clemmens, Allen R. Dedrick, John A. Replogle
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TITLE: DEPTH DETECTION AND TRANSMISSTON FOR OPEN CHANNEL TLOW
MEASUREMENT AND CONTROL DEVICES
NRP: 20740 CRIS WORK UNIT: 5510-20740-003
CODE NO.: USWCL 78-11
INTRODUCTILON:

A more serious effort has begun in trying to develop a reliable,
simple, accurate, inexpensive depth sensing device (with no moving
parts) for open channels and irrigation field studies. Several other
research projects depend on accurate depth detection that can be in-
terfaced with digital electronics. The work to date consists of two
parts: development of probes or instruments whose properties can be
related to water depth and a processor/controller to interpret these
properties accurately and reliably, and to store data for laboratoryv
and field testing and calibration. ‘ /

DEVELOPMENT OF DEPTH DETECTION INSTRUMENTS:

~Up to thisvpoint3 we have been investigating general ideasvand
concepts and not specifics. Thus, there was very little documenta-
tion of what was done. The first concept tried was a capacitance
probe with two metal, insulated rods. The water was the dialectric.
The biggest problem here is that the dialectric constant is affected
by the properties of the water, such as: electrical conductivity,
salt content, temperature, suspended matevials, etc. Using a fluid
with controlled properties would probably be too difficult, so this
idea was abandoned.

The next thing tried was a tight fitting steel rod inside a
glass rod. The steel rod acted as one plate of the capacitor, while
the water acted as the other plate, with the glass as the dialectric.
This seemed to work fairly well. Stable readings were difficult to
get due to changes in water conductivity, and due to the inaccuracies
of the circuitry used. An oscillator was used to charge and discharge
the capacitor. The output was a frequency which depended upon the
capacitance of the probe. Both the oscillator and the frequency
counter used were suspeact, and considerable drift resulted. A nine-

volt DC battery was used to power the circuit.
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Next, a large glass tube was used and filled with a salt solu-
tion and the same size steel rod (very ioose fitting). The previous
size glass tubing was too'small in diameter and too thick for the
‘capacitance range of the oscillator. This probe was hooked up to an .
autodata nine data acquisition system. Preliminary investigations
showed that the battery voltage was critical in detefmining the output
frequency. Also, we found that the autodata nine time clock was not
accurate enough to provide stable frequency measurements.

During the work with the sutodata nine, a new type of prxobe was
built in an attempt to greatly increase the walue of the capacitance.
This consisted of a dozen loops of teflon insulated wire wrapped
around a plexiglass frame. Of course the same problems of stability .
existed as with the other probes. An additional problem was also en—
'countered, that of hysteresis caused either by. the water clinging to
the wire as the water level dropped, or by the. water being absorbed by
the teflon. This property of teflon will have to be explored, par—
ticularly since many commercial depth probes use teflon coated rods.
It is not known if a different type of teflon is used or mot. This
area will have to be studied further.

A microprocessor data acquisition 'system was built to obtain
more reliable results from these probes. It tock a lot of effort to
make sure that the data obtained by the processor was not affected by
the pfocessbr itself. The wvoltage to the probe circuit is now
separately regulated. A hardware counter was addéd to avoid inter-
ference problems between the real time clock and the frequency counter
software. It appears that most of the electrical noise has been
eliminated from the processor circuitry. Several problems were en—
countered in switching from externmal AC or DC to intermal DC for -
memory Storage. With these improvements, a more stable oscillator
integrated circuit chip was found and is now being used in the probe
circuit. |

A new type of probe was developed for further testing. A glass
tube was filled with mercury. This new probe was tested in a con-

stant temperature room. An overmight run was made while monitoring
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the probe, the probe circuitry with a fixed capacitor, and a crystal
source frequency. The crystal source channel data was constant,
indicating that the processor is working well. The data from the
fixed capacitor showed a trend almost identical to recorded air tem-
perature fluctuations, and the probe showed a steady rising trend
caused by a slow drop in the water level (leak). While the tempera-—
ture fluctuations were small (< 4 F), this indicates some tempera-
ture stability in both probe and probe circuitry.

Curiously enough, it was also found that the laboratory source
frequency showed a high degree of variability and was not reliable
enough for this work.

One problem with these probes is that there is an end effect on
capacitance at very low water levels. This may be caused in part by’
the location of the wire which is in contact with the water. During
these exﬁeriments it has been placed in the water below the probe
and out of the way. An alternative is to run a bare rod in the water
parallel to the glass probe. This should eliminate the end effects,
but may decrease the range and sengitivity. This will be tried in
future experiments. Eventually it may be possible to mount the glass
rod inside a metal tube at a set distance, and use this metal tube as
the other plate of the capacitor, to transmit current to the water,
and to protect the probe from damage.

All future work and testing will be documented according to the
following procedure. A lab book will be kept to record data on each
experiment including: the purpose of the test, specifics of the test
including channel numbers, all plots made from the data, the date of
the test, the location where the test was made, any other data taken
(i.e. water depth measured, temperatures recorded), and the results
of the tést. «
PROCESSOR/CONTROLLER DEVELOPMENT :

Purpose. A microprocessor controlled pulse counter has been de-
signed to provide a portable system for data collection and testing
of water level detectors with frequency output. (Note: water level
detectors with voltage, current or other electrical output can easily

be converted to frequency).
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General Description. The system hardware consists of a micro-

processor with over 21,000 memory locations, over 16,000 dedicated to
data storage; a 3Z-channel pulse counter with four-digit accuracy;
and a battery power supply to maintain the data memory during trans—
portation.

The processor is programmed for two modes of operation. In the
data input mode the processor sequentially scans the selected
channels at a selected interval. After each channel is scanned the
data is stored and displayed. Operating in the output mode the proc-
essor can be used to load or dump its memory or edit its memory as
needed to output the data for processing. This mode is mnormally only
used for dumping the stored data.

System Development. Development of this system required hardware

and software development.

Hardware Development. A CRS5-82 microprocessor system was
purchased from Pro-Log Corporation to ba the main controller
for the system. The CRS-82 includes a CPU card (central
processing unit), a 4-port input card, a 4-port output card,
a card rack prewired for these cards, and a few additional
memory and I/0 (Input/output) cards. Spare slots are also
included for custom design purposes.

A 16K (16,384) Byte (8 Bit Data word) memory card was
added for data storage. Our use requires that the unit be
transported from the data collection site to the processing
site. Thus it was necessary to modify the Memory Board to pro-
vide power to the memory devices when the system power is
turned off. The type of memory used is volatile, any power
interruptlon causes the stored data to change, so power
mustAcontinually be applied to the memory to maintain the
data.

I encountered severgl problems with the data being
changed when the power levels were changed by power surges
caused by such things as turning on the displays and turn-

ing the AC power on and off. To solve this problem a
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separate regulated power supbly had to be added for the
memory with special switching to avoid transients in the
memory power circuits.

Problems were encountered when attempting to use the
same program to monitor and update real elapsed time, and
also to count and keep track of frequéncy data. To solve
this problem, a hardware counter was developed to count and
record incoming pulses. This counter starts and stops
under program control. The final count is saved in the
hardware counter and can be retrieved by the program when
convenient. (Real elapsed time is the elapsed time from
start of INPUT mode).

Interrupts used by the real elapsed time clock program

are generated by an external hardware counter. The éounter
| takes the crystal clock frequency from the CPU Board and
divides it by 100 million to provide the interrupt frequency
for the clock. Besides the interrupt pulse, and interrupt
address must he generated to tell the processor where to go
to start executing after an interrupt. The timing is such
that the processor must acknowledge an interrupt before the
interrupt address is placed on the processor address bus.
If the timing is incorrect, invalid addresses will be pre-
sented to the memory, causing the program to fail.

All controls and displays are on the front panel with
back panel connections provided for AC and DC power, tele-
type and RS~232 Input/output cables, and frequency inputs
for each channel. The displays provide time from 000.0 to
999.9 minutes, two digits for chamnnel number and four
digits for the data.

Switches are provided for the following:

AC/DC power select
CHARGE/OPERATE (power on—off)
RESET (resets processor, take program out of

INPUT and OUTPUT modes).
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INPUT DATA (starts data collection program)

OUTPUT DATA (starts teletype monitor program)

MEMORY (provides power for memory when system
is off)

Software Development. The MPS TTY monitor program from the

Pro~Log Corporation is used to provide the communication
required to output the data. The monitor program performs
the operations of LOAD, DUMP, MOVE, TRANSLATE, and EDIT.
The LOAD operation loads memory from the teletype paper
tape. DUMP causes memory data to be printed or punched on
the teletype. MOVE relocates blocks of memory within
memory. TRANSLATE allows page addresses to be changed
within page memory. EDIT allows manipulation of specified-
memory address by various commands, The EDIT command sub-
set allows setting the memory address plus; listing, stor-
ing, substituting and executing data at the specified
address. The memory address can also be incremented or
decrementedl/. ’

Elapsed time is maintained by an interrupt controlled
program. FEach interrupt initiates the clock program thru
subroutine vectors provided with each interrupt pulse.
After an interfupt pulse is acknowledged by the processor
the interrupt circuits provide the address of the clock
subroutine to‘the processor. The clock routine increments
its counters once before returning to the main program.

The elapsed time is maintained in registers {(memory) for
the main program to access as needed. This program oper-
ates only during the INPUT mode.

In the main program, control for the counter and data
handling is maintained. To control the counter an gddress
is sent to the counter telling it which channel to count.
Then the counter is reset and enabled for the count period.
At the end of the count period a hold signal is sent to the
counter to hold the count while the data is read.

1/ Program, 8080 Monitor
ProLog Corporation
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After reading the data the processor stores the data
and displays the contents of the memory locations so that
the operator sees the actual data stored.

Scan intervals and the channels to be scanned are
entered inkROM (Read Only Memory). To change these values
a new ROM must be programmed and inserted into the processor.

Work Remaining. Several improvements can be made before going to

the final field data acquisition system.

Thumbwheel switches may be provided for ﬁanual entry of
first and last channels and for manual selection of the scan
interval.

Temperature problems have been encountered during warm
temperature operations. Extended temperature range integrated
circuits will be added to hopefully solve this problem without
the need for forced cooling. ’

Software changes will be made to provide one button output
of data.

Software changes must also be made before field data collec-—
tion is undertaken. The changes will allow the processor to
determine when water has reached a probe. Data will be ignored
at each probe until the arrival of water has been detected. In
this way only actual water level data will be recorded, thereby
conserving memory space.

SUMMARY :

Preliminary studies have been conducted in an attempt to develop
simple, reliable, accurate inexpensive depth detection devices (with
no moving parts) that can be interfaced with digital electronics for
open channel flow measurement and control, irrigation automation
control, and irrigation field data collection and processing.
Initial testing of different depth sensing concepts indicated that
precise control of voltage and frequency (time) were essential.
Several depth sensing probes have been constructed and tested, and

it appears that the objectives of this study can be met.
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A'microprocessor data acquisition system was bﬁilt to proﬁide
for more reliable testing, calibration and data collection. The
processor sequentially scans from 1 to 32 selected channels at pre-
determined intervals. After a channel has been scanned the data is
stored and displayed. Only raw data is collected by this system.
After data collection is completed the system may be easily trans-—
ported to the computer facility for processing.

PERSONNEL: John A. Replogle, Albert J. Clemmens, Robert F. Allen
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TITLE: MATHEMATICAL MODELING OF BORDER IRRIGATION HYDRAULICS
NRP: 20740 CRIS WORK UNIT: 5510-20740-003
CODE NO.: USWCL 78-12

INTRODUCTION:
! Research over the last year has concentrated on the zero inertia
model. This model represents the solution of the Saint Venant
Equafions with the inertial terms eliminated. The model.seems to
represent an equitabie tradeoff between the time and cost involved
with making a run, and the accuracy of the solution. In comparisons
with field data, thé model does reasonably well. However, it is
difficult to determine if differences in results are due to model in-~
accugacies or errors in the input data. Field experiments are being
performed under a different research outline in order to provide more
information in this area. Improvements in the model continue to be
made as more types of field conditions are considered.
DIMENSIONAL ANALYSES: | | |

A more general form of dimensional analysis has been developed
which can be used for a wider variety of situations, including both
level basins and sloping borders. A graphical dimensionless solution
of level basin advance (both before and after the irrigation stream
has been cut off) has been developed and is in press. A solution for
sloping border advance has also been developéd and a manuscript is
being prepared to present it and the general dimensional analysis.
The simplicity of the dimensionless solution has made it possible to
compare solutioms from the zero inertia model and other methods. A
dimensionless graphical solution of maximum water depths in level
basins was prepared. Thisvwas_compared to the solution presented by
the Soil Conservatiom Service (SCS) in their border irrigation hand-
book. For an impervious bed, the SCS values were approximately 20%
less than that calculated by the zero-inertia model. Infiltration
was not considered in the SCS solution. For higher infiltration rates,
the solutions became closer, and at even higher rates the SCS solu- »
tion overpredicts water depth. A manuscript was prepared and is

under review which presents the two solutioms and their assumptions.
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DESIGN AND MANAGEMENT OF LEVEL BASINS:

The dimensionless solutions that have been prepared above are not .
in a form that is convenient for use in design and management. For a
given depth of application a trial and error solution would be neces-
sary for the application time necessary (and/or flow rate) to get a
given application efficiency. Also, considerable computation would be"
involved in obtaining a value for the application efficiency. In
other words, the input to a physical model of the irrigation process '
is different from the input to a design and/or management aid. So
rather than attempting to obtain these aids directly from the model,
it is more convenient to solve the model in the usual way and then
perform a dimensionless transformation to put these solutions in a
more useful form. This has been done for one value of a, 0.5, and
two different transformations made. The results of these are plotted
in .Figures 1 and 2. The pavameter a represents the shape of tﬁe in-
filtration function or the slope on a logfithmic plot. The infiltra-
tion function is assumed to be a power function. To obtain solutions
with Figure 1, the field length, unit flow rate and flow resistance
values must be fixed. For TFigure 2, the net depth of application,
time necessary to infiltrate the net depth and the f£low resistance
values are fixed.

MANAGEMENT ON SLOPING BORDER:

The management on sloping borders (and basins) is much more
difficult than on level basins. The reason for this is that on level
basins, a higher flow rate will always give a greater possible appli~
cation efficiency, while on sloping borders there is one flow rate
that will give the greatest possible application efficiency for a
given set of conditioms. A flow rate either higher or lower wil%
result in a lower potential efficiency. Also, changing field condi-
tions change the optimum flow rate, making sloping border management
quite difficult.

One approach to the problem is to attempt to analyze all of the
variables which affect the optimum flow rate and using mathematical,

empirical, or other solutiomns, determine a new flow rate time, (G-T)
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combination for each irrigation. This is obviously very difficult.
A second approach is to use the hydraulics of the flow during the
early part of an irrigation to determine the optimum Q~T combination.
At this point in time, this method is not practical since the method-
ology and instrumentation have not been adequately developed.

A third approach, and the one used here, is to calculate optimum
Q~-T combinatijons for a range of values of the various parameters. The
parameters that vary from irrigation to irrigatiom are the infiltra-
tion, the desired met depth of application, and the flow resistance.
The effect of flow resistance will be ignored for the time being,
and it will be assumed that the roughness does not change from irri-
gation to irrigation. Instead, the effects of infiltration, net
depth of application and soil moisture storage will be evaluated.

Advance, recession and infiltration measurements were taken on
the McDonnel—McElhaney farm on two separate days in 1977. During the
first irrigation observed (5-~26-77), the crop was starting to wilt,
indicating water stress. This would probably represent the least
soil moisture storage or the dryest conditions for an irrigation.
During the second irrigation observed (6-9-77), the soil moisture was
at a high level with visible moisture at the surface, representing
the wettest conditions. The infiltration functions for these two
conditions represent the two extremes in infiltration and soil
moisture. It was estimated that the soil profile could store less
than 1 inch of available molsture per foot of soil. Thus, with a
5-6 £t rooting depth, water applications should be on the order of
3~4 inches. The other particulars for this field are: field length
= 610 ft, field width = 170 ft, field slope = 0.00033 ft/ft, the
crop is alfalfa with a suggested Manning roughness coefficient = 0.15,
and power infiltration functions with constants = 2.9 and 2.2 in/hra
and powers = 0.60 and 0.52 for the dry and wet conditions, respect-—
fully. (The border was blocked to prevent runoff). The two infiltra—
tion functions along with the SCS intake family for that soil type are

shown in Figure 3.
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The zero—-inertia border-irrigation model was used to detefmine

* the maximum application efficiency and resulting uniformity for the
two soil moisture conditions at 3 and 4 inches on net application and
at 5 cfs intervals of flow rate. The results are presented in Tables
1 and 2. These efficiency values represent the maximum application
efficiency (desired or net application/gross application) rounded to
thé nearest percent for whole minute application times with the cri-
teria that no location receive less than 90% of the net applica-
tion, and that 99Z of the soil profile is filled based on the assumed
net depth of application (99% storage efficiency). Note the high
application efficiencies that are possible under the ranges of flow
rate, net application and infiltration conditions.

It could be argued that the higher application (4 inches) would be
more practical on the dry soil, and the lesser application (3 inches)
on the wet soil. Thus the farmer could achieve an efficiency of 90% at
any flow rate from 15-20 cfs. Also mnotice that there is a trend in
the optimum flow rate. For the wet condition, applying more water
changes the optimum from about 17 cfs to about 5 cfs. ¥For the dry
conditions, the change is smaller, from about 21-22 cfs to 18-19 cfs.
Obviously, greater water applications require a lower flow rate to
achieve the optimum efficiency for any soil moisture condition.

Caution should be exercised in utilizing these types of results
for the following reasons: the effects of surface roughness were not
analyzed, variations in slope or roughness could cause changes in
calculated versus actual advance and recession, definitive informa-—
tion on intake versus soil moisture or intake versus tillage practices
were not evaluated, and the actual soill moisture deficit was not
evaluated in detail. This example does point to the possible utiliza-
tion of irrigation modeling.

DEFINITIONS:

In March 1978, an informal conference on Surface Irrigation
Modeling was held at the U. 5. Water Conservation Laboratory.  The
conference participants agreed on the following definitions or cate~

orizations for surface irrvigation:
[}
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I. kBorder Irrigations
A. Basin Irrigation
1. level
2. Sloping
B. Sloping Border Irrigation: This terminology is preferred to
graded border. A border strip is the area of land irrigated.
1. Dblocked end: This method can have varying dégrees of
ponding. The difference between a ponded, blocked-end
border and a sloping basin is the intent of the manager.
2. open—ended '
a. runoff lost
b. runoff reused or pumped back
IL. TFurrow Irrigation:
A, Level Basin Furrow Irrigation
B. Sloping Furrow Irrigation: Again, sloping is preferred to
graded.
1. runoff lost
2. runoff reused or pumped back
SUMMARY :
Continued work with the zero-inertia border—irrigation model has
been very worthwhile. The model gives realistic solutions under a
wide variety of conditions., It has been shown that the model can be
made usable for helping to properly manage water in irrigation borders
and basins. Dimensional analyses have been useful in helping to
display the model results graphically for easier use.
PUBLICATIONS;

1. Clemmens, A. J. Discussion of: 'Dimensionless Solutions of
Border-Irrigation Advance,” by N. K. Katopodes and T. Strelkoff
[Jour. Irrig. and Drain. Div., Proc., Amer. Soc. Civil Eng. -
103 (IR4) :401-418. 1977]. Jour. Irrig. and Drain. Div., Proc.,
Amer. Soc. Civil Engin. 104(IR3):339-341. 1978.

2. Clemmens, A. J., and D. D. Fangmeier. Discussion of: '"Border-
Irrigation Hydraulics with Zero Inertia,” by T. Strelkoff and
N. D. Katopodes [Jour. Irrig. and Drain. Div., Proc., Amer. Soc.
Civil Engin. 103(IR3):325-342, 1977}. Jour. Irrig. and Drain.
Div., Proc., Amer. Soc. Civil Engin. 104(TIR3):337-339. 1978.
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3. Clemmens, A. J., and T. Strelkoff. Dimensionless advance for
level basin irrigation. Jour. Irrig. and Drain. Div., Proc.,
Amer. Soc. Civil Engin. (In press).

4. Clemmens, A. J. Verification of the zero-inertia model for bhorder
irrigation. Trans. Amer. Soc. Agric. Engin. (In press).

5. Fangmeier, D. D., and T. Strelkoff. Mathematical Models and
Borxder Irrigation Design. Presented at the June 27-30, 1978
American Society of Agricultural Engineers Summer Meeting, held
at Logan, Utah (ASAE Technical Paper No. 78-2007).

6. Strelkoff, T. Flow with Equilibrium in Border Irrigation.
Jour. Irxig. and Drain. Div., Proc., Amer. Soc. Civil Engin.

(In press).

PERSONNEL: Alberit J. Clemmens, John A. Replogle, Allen R. Dedrick
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TABLE 1. HMAXIMUM APPLICATION EFFICIENCIES FOR DRY
CONDITIONS,

- MAXIMUM EFFICIEMCY (2)

NET __FLOW RATE (CFS) -

~ APPLICATION - 10 1520 .25
3 70 74 I/
no o . . . 87 92 95 8 G

UNTFORMITY
NET __FLOY_RATE (CFS)_
APPLICATION 10 15 20 25

3" .90 959597
B 94 .98 98 .96

APPLICATION TIME (MIM)

NET FLOW RATE (CES)
APPLICATION 10 15 200 25

3 62 39 28 23

iy 66 2 30 -2
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TABLE 2. MAXIMUM APPLICATION EFFICIENCIES FOR WET
CONDITIONS,

MAXIMUM EFFICIENCY (7)

NET FLOW RATE (CFS) o
APPLICATION 5 10 15 20

3 79 87 an’ gy
" 9y 85 80 80

| | UNTFORMITY
ONET FLOYW RATE (CFS)

APPLICATION 5 w1 20
3 90 7 97 .9
L .98 93

.92 91

APPLICATION TIME (MIN)

NET _FLOYW BATE (CFS) -
APPLICATION 5 10 15 0
3" 111 50 32 21y
g 122 68 n8 36
§--8
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DIMENSIONLESS NET DEPTH OF -
INFILTRATION, z.*,

Figure 1.
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2 g 5
TIME, "Tzn%,
Level basin application efficiencies (AE) representing
variations in infiltration and soil mqisture deficit, a = 0.5,
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DIMENSIONLESS FLOW
RATE, qo*,

‘Figure 2.

o

N

f

!

DIMENSIONLESS FIELD
LENGTH, L*

Z

Level basin application efficiencies (AE) representing

variations in flow rate and field length, a = 0.5.
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TITLE: COMPUTER SIMULATION OF GREENHOUSES

NRP: 20760 CRIS WORK UNIT: 5510-20760-001
CODE NO.: Ariz.-WCL 70-1

SUMMARY @

Progress was made in writing and debugging subroutines for the
"modular energy balance' (MEB) program. As described in the 1977
Annual Report, the modules or subroutines each simulate the perform-
ance of some energy-related device. Patterned after a TRNMSYS program
from the University of Wisconsin, the modular energy balance program
is highly versatile because the user specifies at run time which of
the devices he wishes to include in a particular run and how they are
~ connected (wires and pipes) together. The program has virtually no
size limit és implemented on the USWCL minicomputer because the sub-
routines are stored on the disk as overlay modules.

. During the past year, a ''simple' greenhouse model subroutine was
debugged. In this model, only soclar, Wall conduction, ventilation and
external (i.e., heater) fluxes are considered. The greenhouse dry bulb
air temperature is computed non~iteratively, so this routine should be
useful when fast, crude estimates of energy use are needed,

Also a "complicated”™ model greenhouse was debugged which was
based on the mathematical greenhouse model developed at the start of
this project. The model computes ocutside cover temperature, inside
cover temperature, vegetation temperature, soil temperature, air temp-
erature, and air humidity ratio. It cam be used to obtain a detailed
energy balance involving more than 20 fluxes of heat and moisture.

A mathematical model of a night sky radiator with a selective
surface was developed, and the corresponding subroutine debugged. It
will be used to predict the feasibility of such a device for dumping
excess greenhouse heat to the night sky.

Another subroutine has been written but not yet debugged to simu-
late the performance of air to water heat exchangers that can alter-
natively be wet or dry as would be the case during a diurnal cycle in

a greenhouse.
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The list of devices for which subroutines have been written now
includes: reader, integrator, printer, thermostat, differential
thermostat, pump or fan, tee-diverter-mixer, dry heat exchanger, wet
heat exchanger, solar collector, water rtank, time function, reser—
voir, simple greenhouse, complicated greenhouse, heater, and night
sky radiator.

PERSONNEL: B. A. Kimball
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TITLE: GROWTH AND YIELD OF JOJOBA'(SIMMONDSIA CHINENSIS (LINK)
SCHNEIDER) ON RUNOFF~COLLECTING MICROCATCHMENTS

NRP: 20760 CRIS WORK UNIT: 5510-20760-001
CODE NO.: USWCL 73-4
INTRODUCTTION:

For background information, refer to the Annual Reports from
1973 through 1977. Three papers summarizing the study are: (1)
"Growth and Yield of Jojoba Plants in Native Stands Using Micro-—
catchments," by W. L. Ehrler; D. H. Fink, and S. T. Mitchell. 1978.
Agron. J. 70:1005-1009: (2) "Yield Improvement of Jojoba by Runoff
Farming," by W. L. Ehrler and D. H. Fink. 1978. Proc. of the Third
Internat. Conf. on Jojoba, Riverside, California (In press); and (3)
"Runoff Farming for Jojoba,” by D. H. Fink and W. L. Ehrler. 1978.
Proc. of the Internat. Arid Lands Conf. on Plant Resources, Lubbock,
Texas (In press).

PROCEDURE :

Rainfall and runoff were measured for every storm throughout the
year. Periodic measurements were made throughout the year of soil
moisture with the neutron meter and of plant water potential with the
Scholander pressure .chamber, both sets of data being taken simultane-
ously on the same plot. Seed yield was obtained by hand picking in
June and plant canopy volume was measured in November.

RESULTS:

Runoff as Related to Rainfall and Soil Treatments. Although the

summer rainfall of 1978 (July-September) was about average, the fall
rainfall in the first three months of the 1978-1979 growing season
(October-December) equalled or exceeded the normal yearly average for
the site (Table 1). Treatment T2 continued to give a high runoff
efficiency, averaging 89% runoff over the whole year, which resultgd

in a water delivery to the plant almost six times that received as
rainfall by the control. This value contras%s with the 527 figure for
Tl {(which had been converted to a clay-NaCl treatment in August 1977).

The runoff percentage for Tl is only moderately higher than the mean

value for bare soil. Nevertheless, from October—-June the Tl
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treatment delivered over four times as much water to the plant as the
control received (883 versus 211 mm), as compared with an average of
three times as much in previous years with bare soil.

Soil Water Storage ‘ -

Neutron meter readings taken at approximately monthly intervals
documented a consistently higher soil water content (OV) in treat-

ments Tl and T2 than in the control (TO) during most of the flowering

and fruit setting season, i.e., from about mid-February to mid-May

(Figure 1). WNo significant differences were apparent in @v between Tl
and T2, despite the considerably greater amount of water delivered to

the plant in T2 plots. In spite of the extra water storage in T, and

1

T2, OV in all three treatments underwent the usual precipitous de-
crease from mid-February to harvest time in late June. No measure~
ments were made during the summer rains. The winter rains brought Ov
up to field capacity in all treatments, but with a considerable lag

for the controls.

Plant Water Potential

Plant water potential (Wplant) data (Figure 2) reinforce the
pattern shown earlier in @v, viz., that the level of plant hydration

was grealter in Tl and T2 than in TO. The differences, although not

large, were consistent over fhe whole flowering and fruiting season,
and were in the same order as the final seed yield: greater hydration

and seed yield as O‘ increased. Sufficient numbers of simultaneous
7

measurements of WS and OV were made that a regression line was

tem
drawn through the plotted data points (Figure 3). The data show

that maximum plant hydration (least negative value of tham) occurs
when OV is around 127 (the field capacity). Only slight decreases in
Y

steq 0CCUT with decreases in OV until about 67, below which point

stem
-80 bars is reached (when @v is 3.8%). This curve is similar in

decreases steeply with further small decreases in Ov, until

shape to those for mesophytes.

Plant Growth

The main trend obvious in the growth rate as judged by canopy

volume is the higher rate for T2 than the other treatments (Figure 4).
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Another point is the difference in plant volume betyeen TO and T. that
did not appear until 1978, coinciding with the conversion of Tl from
bare soil to clay-NaCl in August 1977, and the subsequent gain in
water delivered to the plant.

Seed Yield
As shown in Figure 5, the seed yield was significantly higher in
Tl. than Ty for the first time. Also, the yield for T,
cantly greater than that for either T, or T . The yield per plant for

1 0
1978 was: TO’ 74 g5 T, 204 g; TZ’ 282 g, each value being the mean of

was signifi~

l&

10 replications. The maximum yield was from a T, plot, 682 g. In-

2
creasing plant size in time should steadily contribute to larger
yields.

Extension of Runoff Farming to Crops Other Than Jojoba

I. Christmas Trees
INTRODUCTION:

The source of Christmas trees in Arizona 1s almost exclusively
imports from other states, primarily Montana. If a method for grow-
ing these trees locally could be devised, it would provide more
income for Arizona growers. Growth rates at desert elevations would
be faster than in the high country, but the lack of adequate rainfall
is a problem. Irrigation is an answer, but an expensive one, since
the trees would have to compete with high income crops like cotton
and citrus on expensive land and would require increasingly costly
water. Growing the trees on lower cost land without irrigation is
an attractive alternative to irrigation if adequate water can be
supplied to the crop, and provided that the crop is sufficiently
drought tolerant to withstand the inevitable rainless periods. Run-
off farming is a method that multiplies the rainfall by use of sloping
catchments that deliver extra water to a plant, thus augmenting soil
water storage. .

The present status of runoff farming technology makes it likely
that simple, low-cost catchments can be utilized in low rainfall
regions to attain the fast growth rates characteristic of desert

climates, thus leading to the production of a suitable Christmas tree
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in three or four years, vAccordingly, a pilot experiment  at Granite
Reef was designed to test this hypothesis by growing Christmas trees
without irrigation in a 230-mm rainfall region at an elevation of
400 meters.

PROCEDURE:

The design is five rows, with five plots per row, totéling 25
plots, 4.9 m on a side, with a level 4~m2 sunken, triangﬁlar section
of the square designated.as the plant area (Figure 6) in.which plot
No.'s 1-25 inclusive are used ih the present experiment). The rest
of the square serves as the 20—~~m2 catchment, which has sufficient
slope to direct water to the plant. Thus the ratio of catchment to
growing area is the same as that used successfully with jojoba, 5:1.
The treatments comsist of different types of coatings on the catch-
ments, as follows: (1) bare, smoothed, compacted soil, (2) paraffin
wax, known to have a runoff efficiency of 90%, and (3) clay-NaCl, ex-
pected to have about 50% wunoff efficiency. A fertility variable
will be initiated after the trees begin fast growth, consisting of
five plots in eéch of treatment No.'s 2 and 3 that will be given
nitrogen fertilizer and five others left unfertilized. The trees
with the bare soil catchment will not be fertilized.

Seedlings obtained from the Arizona State Land Department were
transplanted to the Granite Reef test site to a gravelly soil of low
water holding capacity on 24 February 1978, with one seedling per
plot. The mean height was 15.1 cm with a mean stem diameter of 1.60
mm. = Each was irrigated with 10 £ of water ilmmediately after trans-—
planting. A wire mesh basket with a flap of burlap on the top was
placed over each seedling for protection from amimals and sunshine .
at noon. Neutron meter access tubes were installed to a depth of
140 cm in all five plots in the third row, with each of the five
treatments being represented. .On 30 June clay and NaCl were incor-
porated in the upper 2 cm of soil of the catchments at the rate of
63.5 T/ha and 11.4 T/ha, respectively, in 10 of the 25 plots. Tensi-’
ometers were installed in two plots at depths of 15 and 30 cm.. The

plants were irrigated by hand until the summer rains began. In
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addition to the initial irrigation at transplanting, 10-% irrigations
were given on the following dates; 3, 16, and 30 May, and 14 June.
. A low berm was constructed around each plant to confine the water
primarily to a 5000~cm2 area, such that the application of 10 ¢
amounted to 20 mm of water. On 19 September 10 plots were sprayed
with a mixture of melted paraffin @ 0.5 kg Wax/m2 and an antistripping
agent to decrease the amount of paraffin to one-~half the usual rate.
Between the transplanting date, 24 February and 25 July, when all
plots were compacted with a mechanical vibrator—compactor, plants on
the 15 plots with untreated catchments became established with 100 mm
of irrigation water and a total of 390 mm of runoff (including that
from the 50-mm rain that fell on 24 July, thus permitting good compac—
tion ;he following day). The runoff was estimated assuming that the-
bare soil catchments collected the same percentgge of rainfall as a
lafge plot of bare soil nearby which was accurately monitored. The
10 plots that were treated with clay and NaCl on 30 June may have
collected somewhat more than 390 mm of rainfall, but probably not very
much more, because they had not been compacted yet.

The heavy rainfall just before the plots were compacted (50.7 mm .
on 22 July and another 5.3 mm on 24 July) and subsequent rains of
18.5 mm on 2 August and 6.6 mm on 3 August resulted in a reasonably
high value of volumetric soil water content (@v> in all five treat-
ments, ranging from 0.12 to 0.19 cm3/cm3 (Figure 7). After a long
drought, @v decreased to low levels, ranging from 0.048 to 0.109
cm3/cm3 on 5 October, despite two small raims (6 mm on 16 September
" and 4 mm on 23 September). The @V data for 26 October were somewhat
higher in the bare soil and clay plots than on 5 October, due to two
rains, 10.7 mm on 21 and 22 October and 5.1 mm on 24 October. By
contrast, @v for the two plots with wax catchments, which had been
treated on 20 September, were dramatically higher (0.236 and 0.171,
an average increase of 0.12 from the previous measurement). This
difference in soil water storage reflects the high runoff efficiency '
of paraffin wax as compared to clay or bare soil catchments. If one

uses the 907 efficiency obtained repeatedly with wax in other tests,
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AP
the calculated runoff from the ZO—m2 catchment was 193 ¢ from the
rain on 21 and 22 October. Provided that the water delivered to the
growing area was evenly distributed, the total increment was 59 mm, a
good irrigation. At the time of the last measurement of the’yearg on
21 November, the wax treatments had the highest Ov’ the clay the low-
est, and, surprisingly, the bare soil an intermediate level.

Twelve of the 25 plants developed a needle burn duriﬁg the
summer, and the plant in Plot No. 9 died. It was replaced with one
from the original stock of plants that had been kept in the greénhouse,
On 5 October a visual rating indicated that 16 of the 25 trees were
showing significant needle eloﬁgation.

CONCLUSIONS:

It is encouraging that 24 of the 25 transplants survived the
summer with only four small irrigations (20 mm each) beyond trans—
plénting, Above average rainfall probably helped survival. Never—
theless, the low soil water content in early October, the dévelopment’
of a leaf burn, and the death of one plant all attest to the environ-
mental adversity of the Granite Reef site. It thus appears that the
Quetta pine has lived up to its reputed drought tolerance. When the
weather warms up, growth should accelerate from numerous meristems
present along the trunk of each tree. .

II. Horticultural Crops
INTRODUCTION:

Israeli experience showed that under certain conditions runoff
farming can be applied to crops other than desert natives, e.g.,
apricots and peaches. It was decided to set up a demonstration plot
with several kinds of horticultural crops in an attempt to find
varieties adapted to the rigors of runoff farming under southern
Arizona desert conditions.

PROCEDURE:

A plot of ground about 10 x 36 m was cleared within the fenced
jojoba experimental area at Usery Pass. A small tractor ("Bobcat')
was used to construct a block of 12 plots {each 4.89 m on a side)

with about a 5% slope from the edges toward the center of the plot
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and an overall 5% slope at right angles to the slope of the individual
catchments (Figure 8). Excavation to a depth of 10 cm of a semi-
cifcular area at one edge of the square provided a 4—m2, level plant
growing area which received extra ralnwater from the catchment formed
by the rest of the plot. Therefore, the ratio of catchment to growing
area was 5:1, thé same as had been used successfully earlier for
jojoba at Usery Pass and was being used concurrently for Quetta pines
at Granite Reef.

There weré two rows, each with six plots and a path between the
rows that had the dual function of providing access to and drainage
of excess water away from the experimental plots. Transplanting was
on 31 January 1978. In addition to a 5-gallon size olive tree, there
were the following bare root plants: grape (Black Monukka, Perlette;
and Cardinal), fig (Black Mission), almond (Texas Mission, Ne Plus
Ultra, and Nonpareil), pomegranate (Wonderful), apricot (Royal), and
peach (Desert Gold). On 8 February, a root sprout of a jujube tree
was dug from an orchard and transplanted to the remaining experimental
plot at Usery Pass.  Tensiometers were installed in the plots of grape

{Cardinal only) and peach at depths of 15, 30, and 60 cm.

Plant Preparation, Irrigation, and Fertilization. Conditions
were favorable for transplanting on 31 January, since a light rain
was falling. To help insure that the roots made good contact with
soil, each of the 11 plots was irrigated with 22 % of rain water
collected in barrels at the jojoba site. The same amount of tap
water from the Laboratory was used on 8 February to ilrrigate the
jujube plant after it was transplanted. Rain was adequate during the
spring. However, by 3 April the apricot was wilting, and it was
irrigated with 19 2 of runoff water. Subsequent irrigations were
given to the plants on the following dates: 3 April, 19 g to the
apricot; 26 April, 20 & to all 12 plots to solubilize the ammonium
sulfate (9.8 g N per plot) broadcast over the growing area; 16 May,
20 % to all plots to solubilize the added ammonium sulfate (9.8 g N
per plot) and phosphoric acid (4.5 g P per plot); and 20 g per plot

on 30 May, 14 June, and 17 July. No further irrigations were given.

10-7
Annual Report of the U.S. Water Conservation Laboratory



On 25 July, after a 13-mm rain, all plots were compacted with a mech—
anical vibrator~-compactor.
RESULTS:

On 8 February small buds appeared on the pomegranate and peach.
Growth was initiated at different times among the other species, but
by 23 March all plants had leafed out. By June several plants had
been damagéd by pests, iIncluding the eating of leaves of the grape
vines, apparently by rabbits, cutter bee leaf damage to the peach,
and leaf consumption by grasshoppers on several tree species. The fig
developed a leaf burn. By 11 August the apricot and peach were leaf-
less, due partly to drought, but probably more to grasshopper damage;
these two species did not survive. After being enclosed in wire
cages, the grapes regenerated a new canopy.

Measurements made of the soil water content’(OV) to a depth of .
140 cm -showed no significant differences between the two species
chosen to represent the whole area, the peach and the Cardinal grape.
- The éverage OV for these two indicator plots was as follows: 18 Au-
gust, 0.10; 5 October, 0.086; 26 October, 0.134; 21 November, 0.124.
Although only the reading for 5 October was low enough to have caused
a water stress, it is likely that @V had decreased to low values in
May and June. The combination of water stress and pest damage re-—
sulted in a stressful environment.

CONCLUSIONS:

The fact that 10 of the 12 plénts survived the first year is a
reflection of the hardiness of the species chosen for this test. How-
ever, mere survival is not sufficient. The test should be continued
until fruit production is achieved.

PERSONNEL: W. L. Ehrler and D. H. Fink
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2 :
Table 1. Rainfall-runoff accumulated on 4-~m plant growth areas by the three

catchment treatments (TO, T TZ) by season (3 months summer rain-

l’

fall season and 9 months growth and fruiting season).

July—September OctoberwJunel/ 12-Month Total

Period TO Tl »T2 TO Tl T2 | TO Tl T2
mm

1973~74 - - - - 108 372 642 - - -
1974-75 66 204 366 218 654 1236 284 857 1602
1975-76 55 190 289 189 504 1068 243 694 1357
1976-77 59 142 316 100 210 560 159 352 876
1977-78 75 210 366 358 1328 2023 434 1535 2389
1978-79 72 204 381 (211) (883) (1221) (283) (1087) (1602)

1/ Experiment started in November 1973; no rain was recorded for October 1973
at a nearby weather station.

( )1978 data only; six months data of 1979 not included.
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RUNOFF FARMING PLOTS FOR QUETTA PINES
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Figure 6. Plot diagram for the Quetta Pine experiment at Granite
. 2 2 .
Reef, showing a 20-m~ catchment and a 4-m~ growing area
providing a planting site for one tree in the center of

the triangle.
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catchment: two each of wax and clay and one of bare soil; (2) rainfall, and (3) irrigation.
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HORTICULTURAL CROPS USED FOR
RUNOFF FARMING AT USERY PASS

-«l 2.zeml 264m —

NIZAIE

SLopE 49m

CATCHMENT ——"
’ OLIVE ALMOND

SUNKEN ~——__
GROWING ~
AREA

N

ALICOND ALMOND

N

PEACH G

\
NN

APRICOT GRAPE

.
N

JUJLIBE GRAPE

J/ /
_,/ o
POMIGRANATE GRAPE

Figure 8. Plot diagram for the pilot test of rumoff farming with

. \ 2
horticultural crops at Usery Pass, showing a 20-m

‘ 2 . .
catchment and a 4-m , compact growing area with space for

a centrally located plant.

10-17

Annual Report of the U.S. Water Conservation Laboratory



TITLE:‘ DEVELOPMENT OF REMOTE SENSING TECHNLQUES FOR AGRICULTURAL
WATER MANAGEMENT AND CROP YIELD PREDUCTION
NRP: 20760 CRIS WORK UNIT: 5510-20760-001
CODE NO.: TSWCTL, 77-1

Research conducted under this outline consisted of relating
spectral reflectances and canopy temperatures 0 Crop waler sStress
and yields. Experviments were conducted at two sites; Dunnigan, CA
and at the USWCL at Phoenix. ¥Field aspects of the Phoenix experi-
ment consisted of growing two varieties of wheat {Frodura and Anza)
and one variety of bavley (Briggs). The crops were planted across
irrigation plots so that the three varieties rveceived 6 different
irrigation treatments, ranging from well watered to no irrigations.
At Dunnigan, a 720-acre farm planted entirely to Briggs barley was
used for extensive ground and alrborne temperature measurements.
This experiment was planned in conjunction with the Heat Capacity
Mapping Mission satellite. However, the satellite launch was delayed
until April 26, 1978, and started taking data after our field was
harvested. The experiments will be discussed in three parts: (A)
Spectral reflectance experiments at Phoenix; (B) Temperarure~yield
relationships at Phoenix:; and {C) The Dunnigan experiment.
PART A:

Part of our research was directed towards developlng two new
remote sensing approaches o yield modeling in small grains.
During 1977 and 1978, we measured the spectral reflectances of
grain crops in the four Landsat wavebands (MSS4, 0.5 to 0.6 um;
MSS5, 0.6 to 0.7 um; MSS6, 0.7 to 0.8 um; MSS7, 0.8 to 1.1 pum) using
a hand-held radiometer {(HExotech Model 100A, 15° F.0.V.).

Our data base included multitemporal observations from a tatal
of 30 experimental Produra wheat fields (24 in 1977 and 6 in 1978),
and 6 fields each of Briggs bariley and Anza wheat in 1978. Widely
varying yields (103 to 656 g/mg} were established by two different
planting rates in 1977, and differential irrigation regimes during

both years.
11-1
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Midway between emergence and heading in 1977 and 1978, déily
measurements of crop spectral reflectances were initiated. Data
were obtained between 0920 and 0940 h (MST) on most clear days:; and
reflectances in each waveband were calculated as vatios of reflected
te incident light, as determined by frequent measurements of re-—
flected radiation from a horizontal barium sulfate reflectance
standard. The measurements were continued until after canopy senes-—
cence in all plots. Final grain yields were determined by hand-har-
vesting the areas of each plot {(ca. 14 mz) that were regularly viewed
with the radiometer.

Work is din progress on developing basic relationships between

-l

the spectral reflectance measurements and basic agronomic parameters
such as leaf area index (LAT), biomass and phenological stages of
growth. To date, two models have been developed which predict final
grain yield from the temporal pattern of spectral reflectances.
One such approach to predicting yvield is summarized in a manu-
script now in press:
Idse, S. B., Pinter, P. J., Jr., Jackson, R. D., and Reginato,
R. J.: Istimating of grain yields by remote sensing of
crop senescence rates, Remote Sensing of Envivonment,
(In press).
This model wuses transformed vegetabtlon index, TVI&, which was calcu~
lated from the reflectances of Bands 5 and 6 duving the period of

canopy senescence

Band 6 ~ Band 5
Band 6 -+ Band 5

VI 6 = V( Yy + 0.5

TVI6 was chosen because it is highly indicatrive of green leaf
area index and is thus vesponsive to the loss of chlorophyll and the
browning of the crop that accompanies senescence. We observed that
the highest vielding grain crops were invariably those that senasced
most rapidly; and when we used the average daily change in TVI6 as
an objective measure of the rate of senescence (Table 1) we found a

good correlation with final yield (Fig. 1). Statistical tests showed
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no significant difference between results observed for Produra wheat
in 1977 or 1978, so we pooled all Produra wheat data and calculated
a common regression line which is shown in Fig. 1. Likewise, we
found no statistical difference hetween sepavate regressions run on -
both the Anza wheat and Briggs barley data and that of the Produra
wheat. Thus, it is possible that a single relaticnship between senes—
cence rate and final yield may adequately apply to all three crops,
although a much wider yield range of Anza and Briggs cultivars is
needed to substantiate this hypothesis.

The second vield model uses another vegetation index derived
from reflectances in Bands 5 and 7 that is also correlated with the
green leaf area index of the canopy. Orviginally refervred to as the
Vegetation Index or VI, it has vecently been proposed that this index
be renamed the Normaligzed Difference Parameter or ND (Deering, 1978).
To avoid any further ambiguity in the use of this generic term we add

the subscript "7-5" and define the index as:

ND - Band 7 ~ Band 5)
7-5 Band 7 4+ Band 5
When we plotted ﬁD7 - versus Time after planting for each of our
=5

experimental plots, a consistent pattern emerged that appeared corre-
lated with final vield. Fig. 2 i1llustrates this pattern with data
from 4 experimental plots in 1977, with a wide range in grain vield.

The highest yields occurred in plots where ND was elevated for

7-5
lengthy periods; conversely, lower yields were associated with a
reduciion in the index during the period when grain kernels were
filling. Such a correlation between ND7~5 and yield is theoretically
sound since the greater the amount of photosynthetically active tissue
(to which ND7W5 is wvery sensitive) following heading, the more photo-
synthate is available for dipput into developing kernels. In fact,
this approach is similar to that suggested by Watson et al. (1963).
They proposed that leaf area duration could be used as a predictor of
final yield in wheat. Their LAD was calculated as the integral of

green leaf area index with respect to time over the Interval from
11-3
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heading until maturity, thus taking into account not only the maximum
LAI but alsc its persistence during the gralin filling period.

We took an approach that was fundamentally similar, but instead
of using green LAIL in the calculation of LAD we substituted the radio- -
metrlc index ND7M5 minus a baseline value that was equivalent to ND7M5
for a dense, totally senescent canopy. Our rationale for subtracting
a baseline index value was to minimize the countribution of non-photo-
synthesizing canopy elements to ND7m5' The baseline was determined
empirically for high vielding crops at the end of the season for each
year's Produra wheat (in 1977, .422; in 1978, .337), and Briggs barley
(0.285), and Anza wheat {(0.308). A uniform baseline was then employed
for each year and each cultivar., We suspect that variation inm the
baseline will be minimal from vear to vear (differences in cur data
set dn 1977 and 1978 were attributed to the use of different radio-
meters) and between cultivars (as evidenced from our 1978 data).
Substitution of 3“7 in ldeu of LATL conferred several dmportant
advantages. Ferhaps the most Important is the ease and rapidity with
which measurements can be made, eliminating the cumbersome and
variable LAL determinations and making it feasible to survey many

fields within a very short pexiod of vime.

remote, non-destructive technigue implies the 1 ential for adapting
this approach to remobe sur: for predicting vield over

ancillary ground data.

&

broader regions with little
We summed the smoothad daily values of ND7 5 winus the baseline

for each plot, beginning with the day when 50% of the plants werxe

heading (Feekes scale = 10.5) and continuing uvntil the canopy was

totally senescent {i.e., the value of ND7W5 dropped below the baseline).

Our results are shown in Fig. 3. When the index value was plotted

vs. final yield for Produra wheat, we found the data were well des-

cribed by the exponential relation:

o - 0.1081 3 v
vy o= 67.9620 198X o g4 s L5y o/m?

1i-4
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where x is the index ND?M5 minus the baseline and v is the final yield

g/mz, Furthermore, data for Briggs barley and Anza wheat also fell
within the same range, dmplying that a similar predictive approach may
be applicable to other small grains as well.

The circled data points in Fig. 3 were not included in the
regression analysis. They ave shown to illustrate that the model does
not compensate for veductions in yield late in the season due o
extensive bird damage in 3 plots which were originally intended fo
be our optimum irrigation treatment.

Residual analysis of the data from undamaged plors show rhat the
performance of this model is not affected by planting rate (87 or 137
kg/ha) or total water received (20 to 70 cm). The model performad
equally well din predicting 1977 and 1978 vields, even though the 1878

3

A

crop was planted 2 weeks later and received three rimes more rainfa

j )

during the winter. Furthermore, ouv data imply that rhe fundamental
principles involved in this model may be applicable Lo other grain
crops as well.

REFERENCES:

1. Watscon, D. J.,
of growth and vie
27:1-22.

French. 1963. Analysis
wheat. Amn. Bot. N.5.

2. Deering, D. W. 1972, Kangeland reflectance characteristics
measured by aird : sensors. Ph.D. Digssertation,
Texas A&M Univ., Stavion Texas, 338 p.
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PERSONNEL: ¥, J. Pinter, Jr., R. D. Jackson, and 5. B. Idsoc.
PART B:

Our canopy temperature experiment this year included a test of
the generality of the stress degree day apprpach to vield production.

¥ A Y AR
Temperature data Tor the three crops, Produra and Anza wheat, and
Briggs barley, were obtained daily, as described in previous annpual
reports. Stress degree days (S5DD's) were summed from the time of
heading to the initdiarion of senescence, as determined from dail
5 E]

crop albedo data,
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The results, in terms of final grain vield vs. accumulated SDD's,
are shown in Fig. 4, where our new data are cowmbined with results from
the previous two years at Phoenix. It is seen there that all five of
the data sets are overlapping, to the extent that a single relation
appears appropriate for all of them. This relation is the solid line
running through the midst of the data, as derived by linear regression
analysis.

The implications of these results are that the SDD approach to
yield estimation is stable {as evidenced by the 3-years' Produra wheat
data) and that it is not strongly crop specific (as evidenced by this
year's three-variety data). Thus, it continues to meet the demands of
long—term testing and acquire characteristics that enhance its utility
in a remote sensing context where crop ildentification is sometimes a
problem.

The potential for infrared thermometry in the timely detection bf
certain biological strvesses in plants was investigated. The rvesults,

summarized here, are given in detail in a manuscript now in pres

»

o

Pinter, P. J., Jr., Stanghellini, M. E., Reginato, R. J., Idso,

5. B., Jenkins, A. D., and Jackson, R. D.: Remote detection
of bioclogical stresses in plants using infraved thermometry,
Science, {In press).

Radiant leaf temperatures of mature, green sugarbeet and cotton plants

were measured at midday during the summer near Phoenix and Marana,

Arizona. An analysis of the frequency distribution of these tempera-

tures revealed that leaves on diseased plants were usually 3 o 4°C

warmer than those on nearby healthy plants (Fig. 5). The temperature

differences were attributed to disrvuptrion of uptake and/or trans-

"
{

location of water in sugarbeets by the soil-borne fungus Pythium

aphanidermatum and in two varieties of cotton by the Texas root rot

fungus Phymatotrichum omnivorum. This characteristic temperature
dichotomy between healthy and infected plants persisted under varying
soil meisture and atmospheric conditions. Thus, infrared thermometry

holds future promise as an advance warning approach capable of
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differentiating between physical and biclogical plant stresses. This

is an approach that growers might employ to mapnage thelr crops more

efficiently and researchers could utilize as a non-destruchive diag-

nostic teol to gulde field investigations.

PERSONNEL: 5. B. Idso, P. J. Pintexr, Jvr., R. J. Reginato, and R. D.
Jackson

PART C:

A large-scale field experiment was conducted during this past vear
to test the concept of predicting grain yvield urilizing the stress—
degree~day concept. The primary thrust of the experiment was to obtain
daily ground-based measurementsg coupled with low-level aircraft data-
collecting flights twice weekly, and to determine how well we could
predict yield using these different data base The following is a
chronological review of the experiment as data analyses are incomplete:

*~ The site chosen for this research wag a 720-acre field near

}-n

Dunnigan, 35 miles NW of Davis, California. This site was selected
for the following reasons:
1. Terrain typical of the major grain-growing areas.
2. Good farmer cooperation.
3. Close to the University of California, Davis, to facili
cooperation with University personnel and use of facilities.
4. C(Close to NASA/Ames Research Cenlter where aivcrafs flights
originate.

5. Climate favorable for dyyland grain production.

Sixteen sites were selected within the 720-acre field on which
ground measurements were to be made. The 16 sites have various slopes
and aspects, with slopes vanging from O to 36°. Some of the sites
constituted a2 north-scutrh transect and an east-west transect. Sur-
face temperature measurements were made on bare soils beginning 17
October 1977. The field was planted to barley (var. Briggs) during
the period 1 to 7 December 1977. From 8 to 14 December access tubes
for the neutron soll moisture meter were installed at all sites and
micrometeorological instrumentation was installed on the main site

(the area with the N-S and B-W transects).
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The weather during the growing season was characterized by above
normal rainfall and temperature. Because of these conditions, the
barley, for the most part, made good growth. Ground-hased measure—
ments were relatively routine, except for a few days when vain pre-
vented measurements, and seveval aivcevaft flights had to be cancelled-
because of inclement weather.

The grower applied 40 pounds per acre of nitrogen ferrilizer by

aircraft on 01 February 1978, as much of his oviginal fertilizer had
been leached from the soil by the heavy rains. During the following
two weeks, the barley turned a much darker green, indicating that the
fertilizer was being taken up. Even in the low areas that had become
waterlogged, the plants responded to the nitrogen. On 20 February
1978, the grower had the fizld sprayed with a herbicide to kill broad-
leaf weeds.

In early March heavy rvains and high winds caused some of the
barley to lodge. Although the plants, mainly on the hills, were
laying flat on the ground, the stems were not broken, and growth
continued.

Differences in soil moisture between sites (adequalte to excess)
caused differences in plant growth., Those sites that weve well drained
made good growth, while those that were waterlogged (poor root
aeration) made very poor growth. One site with a south-facing 20°

slope, which had adequare moisture, was headed by 27 March 1978, while

a level, waterlogged site headed three weeks later. Additionally,
those poorly drained areas had more weeds, fewer barley plants, and
smaller heads on the plants, than those areas whose solls were well
drained.

From October through April, a total of 675 mm (26.56 inches) of
rain fell--average rainfall is about 400 mm for that 7-month period.
Most of the storms came from the south, accompanied by rather"stroﬁg
winds, Rainfall distribution was quite variasble: rainfall on the 20°
slope, south-facing site was 565 mm, whereas the 24° slope, north-

facing site had 791 mm rain {(October 77 through April 78). The two
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specific sites mentioned above are the extremes in measured rainfall;

all the other sites were somewhere in between. These differences in
rainfall resulted in slight differences in avallable soil moisture

later in the growing season. -

The aluminum access tubes for soll moisture measurements with the
neutron probe were installed at each site to a depth of 180 cm. When
a water table formed in the low areas due to the heavy rains, water
rose in the tubes, so the depth to the free water surface below ground
level was measured. These measurements corresponded quite well with
observations of reduced plant growth.

Strong, dry, north winds during the first two weeks in May
accelerated the ripening and drying of the barley. By 15 May 1978,
the gravimetric water content of the grain was 0.25 to 0.30.

On 22 May 1978, we started hand harvesting the experimental sites
Wiﬁhiﬂ the 720-acre field. The water content of the grain at this
time was 0.15. We removed all plants from 20, one-meter squares at
each of the sites, counted the number of heads in each square meter,
and bagged all samples for further processing. ¥Five consecutive
”Squares” were taken in each of the four cardinal directions, starting
one meter from where we normally stood to take plant temperatures.

The 20 samples at each site were, therefore, from the areas where
plant temperatures were taken throughout the season. By 26 May, all

sites but one were harvested.

Following harvest, all samples (300 of them) were threshed, the
number of seeds from each sample was counted, and their weight and
water content determined. From these data the following informarion
was obtained:

1. Seed water content

Z. Number of heads per squarve meter

3. Number of seeds per head

4. Nuwber of sceds per square meter

5. Bushel weight o

6. TYield

barley
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Items 5 and 6 were corrected to a seed water content of 0.125 to
allow comparisons of yield between sites.

The highest yielding plot was R4, a 20° slope to the south, with
417.5 gm«Z? and the lowest yilelding plot was Rl, a weed—infested flat
area plagued with a high water table, with 104.5 gmwg, The average
yield for the 15 sites was 290.7 gmwzo The grower reported a vield
of 267.8 gmﬁzb only 8% lower then our average.

A NWASA aircraft made 52 flights over the field during the growing
season. Thermal imagery was obtained with a Texag Imstruments RS-25
scanner. One striking feature of the thermal imagery is that there
were significant tempevature differences (4C to 8C) depending on the
direction of flight of the aircraft (north-scuth vs. east-west). The
differences are more pronounced where the topography is uneven as com¥

pared to level areas.

For mid-May overfliights, the warmer surfaces appear to be those

O

which are normal to the line scammer. The afterncon flights took place
about one hour past solar noon which resulted in the westi— and south-
facing slopes being warmer than the east— and north-facing slopes.
Indeed, this is what the images show. Whether this phenomenon can be
observed under less sunny conditions, or different times of the year,
or at varicus stages of growth of the barley, or on bare scil {(wet or
dry) remains to be seen as the data analysis is not vet complete. As
an example, for a day in mid-May, there was a difference of 10 C
between different locations. This points out the necessity of taking
many ground-based measurements, in the absense of aircraft support,
so that the proper infersnces concerning plant stress can be drawn
from the data collected.

Airvcraft-derived temperature data were averaged for 10, 40, 160,
and 640-acre blocks. The mean temperatures of comparable areas for a
north-south versus an east-west overflight were essentially the same
down to the 10-acre blocks. However, the mean temperatures for 16 May

1978, in the 1l0-acre blocks ranged from 31.4 C 1o 36.8 C.
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In addition to the various physical parameters being measured
daily at each of the 16 sites, insects were collected weekly at each
site. We were interested in being able to explain any effects that
insect populations found on the barley throughout the growing season o
might have on crop vield predictions.

Insect collections at each site were taken using 25 sweeps with
a sweepnet. The top 20-30 cm of the plants were sampled in this
manner. Approximately 12.5 mz were sampled for every 25 sweeps taken.
Insects were ddentified while they were in the net, and a killing jar
was used to kill insecis that were o be pinned and mownted for later
identification.

The ocat-bird cherry aphid, Rhopalosiphum padi, and the English

phid, Macrosiphum granarium, were the only insect pests that occurred

in numbers that were large enough to be considered economically lmportant.
Leéfhoppers’and thrips were collected during the sampling period but

only in swall numbers. The ocat~bird cherry aphid was more prevalent

at the beginuing of the sampling period than the English grain aphid,

but as the growing seascn progressed, the latter was more abundant.

On 18 March 1978, 14,350 cat-bird cherry aphids, compared to 1,668

English grain aphids were collected/ha; a ratio of 8:1. This ratic

ot

stayed about the same as both populations of aphids increased until
the middle of Apvril. At this time, the populations of ocat-bird chexrry
aphids kept increasing. On the 22nd of April, the English grain aphid
was higher by a ratio of 2:1 (19,201:9, 297/ha). By 7 May, when the
last sweep samples were taken, there were only 3,436 cat-bird cherry
aphids and 1,567 English grain aphids/ha.

The actual numbers of aphids din the barley field were probably
higher than what was collected in the sweep samples. Several réasons
to support this conclusion are: (1) the sweep samples only covered
the top 25 to 50 percent of the barley plants, and (2) at times many
aphids were observed con the ground and at the bases of the bariey
stems. These aphids had probably been dislodged from the upper por-

tions of the plants by wind and/or overcrowding
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The convergent lady beetle, Hippodamia convergens, and syrphid

flies, Syrphidae sp., were the only two predators caught in the sweep
samples in significant numbers to be considered here as a possible
control of the pests that were found on the barley. The numbers of

H. convergens caught in the sweep samples was small, but large numbers
of adults and nymphs were observed on the ground and on the lower por-
tions of the barley, probably because of the aphids present there.
Those aphids would be much more accessible to rthe H. Eggyergensmthan.
the ones on the leaves and stems.

The ratio of pests:predators for the first sweep samples that were
taken on 18 March was 24:1, vespectively {Fig. © ). The pest popu~
lation kept increasing for several weeks after this initial sweep
sample,'while the predator peopulation stayed relatively stable. On
3 April, two weeks after the first sweep sample, the pest:predator
ratio was 863:1. From this point on the ratio dropped vapidiy fox
about 3 weeks until it reached & vatio of 16:1 on 22 April. This
rapid decrease in the pest:ipredator ratio was caused by a decreasing
number of pests, while at the same time, the predator population was
inecreasing. The ratio staved the same for several weeks until 7 May,
when the ratioc dropped to 2:1. This was the last date that sweep
samples were taken. This drop din the ratie was probably caused by
the senescence of the barley leaves, leaving the pests without green
plant material on which o feed. The winged aphids on the plants
probably migrated out of the barley field, but the wingless aphids
either starved ox were conswmed by the predators.

Plotting grain vield versus the average number of pests from
25 March {(one week before heading) through the soft dough stage
(22 April) in Fig. 7 , a definite trend is shown. There is not enough
data, however, to establish a cause-cffect rvelationship with regards
to numbers of pests and final grain yield.

PERSONNEL: R. J. Reginato, R. S. Seay
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Table 1. Agronomic parameters and two indices derived from canopy spectral
reflectance, 1976-1977 and 1977-1978 growing seasons in Phoenix,

AZ.
. Final
Amt‘él grain Averagagj 3/
- & . ND. .~
Nuwber of water vield Senescence 7-5
Plot irrigations {cm) (g/m?) rate Index
1A 4 52.1 455 -3.0172 . 18.11
248 3 40.3 382 ~0.0139 14.72
3A 5 59.3 618 -0,.0161 20.65
LA 1 9.7 147 ~0.0087 6.04
54 3 42.2 246 -0, D100 11.18
6AS 4 52.3 506 ~0.0141 18.63
o 1B 4 52.1 439 ~0.0177 17.52
< 2B 3 40.3 277 -03.0133 14.65
= 38 5 56.3 401 ~{.0162 16.05
4B 1 19.7 136 -~8.0077 4.90

2 | ss 3 42.2 227 -0.0092 8.24

2 68 4 52.3 450 -0. 0145 15.67

& ic 5 62.1 377 ~.0162 15.48

- 2C 4 50.4 256 ~0.0130 13.23

v 3c <] 69.3 494 ~3. 0164 18.64

3 40 3 39.8 113 ~0.01LL7 7.10

p 5C 5 G2.4 387 ~(. 0155 13.6%

&C 5 62.3 453 ~0.0155 17.21
1D 5 62.1 - 377 ~(.0158 17.50
2D 4 50.4 223 ~0.0126 13.7

3D 6 69.3 308 ~03.,0157 T 16.54
45 3 39.8 103 ~0,0108 7.35
5D 5 62.4 328 -3, 0140 14.82
6D 5 62.3 459 -3.0150 16.17
lAé/ 6 70.7 125 -, 0108 22.63

o =l 24 2 39.7 356 -3.0113 17.53

TEl 3 3 9.7 656 ~.06188 2. 64

T sA 3 £9.7 544 ~{3.,0122 18.63

S SA 1 29.7 268 ~{. 0110 13.73

i LS 2 - 39.7 471 ~0. 0140 17.31

lﬁi/ g 70.7 429 ~0.0172 21.17

@ 2B 2 39.7 417 -(.0130 18.16

L8 3 3 49,7 500 -~0.018% 18.18

SE 4B 3 49.7 333 ~0.0133 17.23

— =y 3B 1 29.7 372 ~0.0174 15.00

o8 2 39.7 482 ~0.0161 16. 49
1/ 6 70.7 445 -0.0126 22,32

= 20 2 39.7 438 ~G.0L53 14.04

] 3 48.7 . 543 ~3.0165 18.72

A& AC 3 59.7 487 ~3.0164 19.85

— 5C 1 29.7 268 ~0.0087 15.20

ac 2 39.7 436 -0G. 0150 17:11

}/ Tncludes applied irrigations plus rainfall during the growing season of

T 4.7 cooin 1976 aad 19.7 cm in 1977-78.

2/ Calculated as the average dally changa in TVI6 during the 10-day period
when the canopy was senescing most rapidly.

3/ Calculated as the ictegral (from heading until canopy senescence) of the
smoothad daily valuss of ¥D7.5 less the value of ¥MDy.5 for a rtotally
senescent crop.

4] Yields were severely rteduced in these fields due to bird damage.
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. Fig. 6. Ratio of the number of plant pests to predators as a

function of time of year for the Dunnigan site.
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TITLE: EFFECTS OF ATRBORNE PARTICULATES ON SOLAR AND THERMAL RADIA~
TION AND THELIR CLIMATOLOGICAL CONSEQUENCES S

NRP: 20760 CRIS WORK UNIT: 5510-20760~60%
CODE NO.: USWCL 77-2

Work conducted under the aegis of this outline this year reguli-
ed in the publication of one basic research paper, the preparation of
a review article, and the initiation of a very detailed eﬁperimental
program. Fach of these efforts is described below.

1. Idso, S. B., and Bfazel, A, J. Climatological effects of atmos—
pheric particulate pollution. Nature 274:781-782. 1978.
Atmospheric inversion data and air temperatures from two differ—

ent altitudes at Phoenix, Arizona were used to demonstrate the sig-

nificance of the altitudinal distribution of particulate pollution
for interactions with solar and thermal radiation. The results of
the analysis implied that while the altitudinal location of the par-
ticulates did not affect theilr interaction with solar radiation

(which generally results in a cooling trend at the earth's surface),

it greatly affected their interaction with thermal radiation (which

generally results in a surface warming trend). Specifically, we

found that for particulates distributed to several thousand meters’

height in summer, the thermal radiation effect was greatly reduced,
with a net cooling at the surface. 1In winter, however, when particu-
lates could only mix to several hundreds of meters, the thermal radi-
ation effect was dominant, with a resultant net warming of the surface.

This finding helped to explain why particulate pollution by volcanoes

(which often penetrates into the stratosphere) generally leads to

surface cooling, while anthropogenic pollution into the surface

boundary layer of the atmosphere generally leads to surface warming.

2. Brazel, A. J., and Tdso, S. B. Thermal effects of dust on
climate. Annals of the Association of American Geographers.

In press.

Results of past work on dust particle interactions with solar
and thermal radiation were brought together to review the effects of

atmospheric pollution on global climate. Two major aspects of the

12-1

Annual Report of the U.S. Water Conservation Laboratory



problem were émphégized: 1) the particﬁlate concentration, and 2) its
vertical distribution. Our conclusions were that the initial injec-
ﬁion of dust into the atmosphere greatly increases the flux of thermal
radiation to the surface, while producing little change in the receipt
of solar radiation, for a net warming trend with increasing dust
content. At a certain critical concentration, however, the reduction
of solar radiation begins to reverse this trend, until at‘intensq
duststorm conditions it is overpowering and results in a-net cooling
at the surface. This is the typical scemario for low-level dust.

For aerosols that extend to very great heights, however, the solar
radiation interaction is the predominant one, wiith net ceoling practi-
cally a universal result.

3. Experiment

A comprehensive experiment was initiated to obtain direct experi-
mental evidence for the "thermal blanketing' effect of atmospheric
dust, Whichkis basically as described abowve. It consists of obtain-
ing measurements of incoming global, normal-—incidence, and diffuse
solar radiation, incoming thermal radiation in the 10.5-12.5 ym and
8~14 ym wavebands, as well as the full thermal spectrum, and auxilia-—
ry measurements of air temperature, vapor pressure, and dust concen—
tration. _

The instruments are all located on the laboratory roof and have
been in continuous operation since early June 1978, recording data at
half-hourly intervals. Considerable analysis of the information ob-
tained has indicated a wealth of important results will be born of
the experiment. In particular, the data have already verified.the
hypothesis that the major variability of atmospheric emissivity is
due to the varying concentration of a dimeric species of water vapor.
New and improved equations have consequently been derived for total
effective atmospheric emittance, as well as for the individual 10.5~
12.5 ym and 8-14 um wavebands.

The partial "closing'” of the so-called atmospheric window by the
thermal blanketing effect of dust has been successfully directly

measured for the first time, and has verified the hypotheses described
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in this year's two publications. This result has also allowed a de-
termination of the actual temperature résponse of the atmosphere to
dust variability to be made. An independent determination of the
surface atmosphere's response to water vapor variations yielded an
essentially identical result. These two observations thus led to a
numerical evaluation of the effects of carbon dioxide on climate.
Since the manuscripts describing these findingé have not yet been

completed, however, a full report will not be made until next year.

PERSONNEL: Sherwood B. Idso and Anthony J. Brazel (cooperator from

Geography Department, Arizona State University).
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TITLE: CARBON DIOXIDE TREATMENT OF SOILS TO IMPROVE PHOTOSYNTHETIC
EFFICIENCY OF CROPS AND NUTRIENT AVAILABILITY _
NRP: 20760 CRIS WORK UNIT: 5510-20760-001
CODE NO.: UsHcL 78-2
INTRODUCTTION:

Laboratory and greenhouse studies have shown that plant vield
can be improved by CO2 enrichment of the .atmosphere surrounding the
leaf. Limited studles in the field have also shown this to bhe wvalid,
but the method of aerial CO2 application to plants is impractical for
economical crop production. Instead of increasing the CO2 content in
the air, CO2 enrichment via the root environment has been shown to
improve crop yield. Whether such favorable results are caused by C02
uptake by roots to dncrease photosynthesis or other side benefits,
such as improved soil-root enviromment for nutrient uptake, has not
been clearly shown. The application of Gozwtreated water subsurfacely
using existing buried trickle irrigation tubing appears to be a
practical and economical means for getting the C02 to the plants@
Thus, trickle systems presently in use could reap additional benefits.

The initial phase of the study included the development of ways
to incorporate C02 injection with the subsurface trickle system and
to work with several crops to find out the effect of such subsurfacely

applied CO, treatment.

2

Carbon dioxide inijection system. Several methods for introducing

gaseous CO2 into the irvigation water and then into the trickle lines
were tried. For small treatment areas, the most practical metrhod
found for field use was the commercially available carbonator. The

system has a built~in diffuser that breaks the entering CO, gas into

2
swall bubbles for increasing contact with the water so that CO, disso-

2
lution in water can be hastened. It also has a pump which can increase
or maintain the pressure on the outlet side of the carbonator. A
schematic diagram for the COZ~water injection system used in the
experiments is presented in Figure 1. Several safety features were

included in the carbonation system design.
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Supply water was passed through an anti-siphon vacuum breaker
valve to prevent amy backing of water to the supply source when the
system was turned off. Tﬁe pressure switch (P/S) prevented the
system from turning on if the water supply pressure was too low.

This prevented the pump motor in the carbonator from running dry and
overheating. The time clock was used to activate the solenoid valves
(S/V) on the water line and the gas supply sides. A gas flow meter
was used to measure the rate of CO2 injection. The check valve (C/V)
prevented any water from backing into the gas lines should there be a
drop in gas pressure or sudden surges in water pressure.

The system could also be operated without the carbomator, if
needed, by discommecting the electrical leads to the carbonator and
gas solenocid valve, and closing valves 3 and 5 and opening valve 4.
The normal operational mode was to have valve 4 closed and valve 5
open. Valve 3 cperated in the by-pass mode. PYart of the supply water
went through the carbonator to be saturated with C02 and the remain~
ing portion mixed with carbonated water and led into the trickle
lines through valve 5. The pH of the raw water was decreased approxi-
mately 2 pH units, from 7.2 to 5.2 in the mixing process.

With the Cozw&ir mixture supply, compressed alr was combined with
CO2 from the ligquified o, tank source (Fig. 2). A concentration of
approximately 5% CO2 by volume was achieved by adjusting the control
valves and monitering the flow rates of 802 and air going into the
mixing tank. The Cazwair mixture was then lead to the trickle lines.

CARBON DIOXIDE TREATMENT

A. Wheat.

Procedure: A wheat crop (Produra) was established on a
7 x 19 m plot on 18 Decewber 1977, and harvested 16 May 1978. Plant
rows were spaced 17.8 cm apart with double~tube trickie irrigation
tubing buried 20.3 cm deep between the rows. Eight plant rows were
used per replicate with the two innermost rows sampled for yield
measurements. Planting rate was 2 x 106 plants per hectare. Nitrogen
as ammonium nitrate and urea was applied at a rate of 190 kg/ha, and

phosphorus as phosphoric acid at a rate of 67 kg/ha. The nitrogen’

13-2

Annual Report of the U.S. Water Conservation Laboratory



was added in four imcrements and phosphorus inm two with the tfickle
system through the early stages of the wheat development.

The rate of CO2 application for the C02~water system was 1.9 g/mz/
hr with the COzmwater mizture applied at the time of irrvigation.
carbon dioxide for the COz~air treatment was 4.4 g/mz/hra For this
treatment the gas mixture was applied daily during the daylight hours
of 1000 to 1500, starting in February and extending to 0900 to 1700
hours in May. ‘

Gas sampling probes were installed in the plots at various depths
to measure CO2 concentration in the soil profile. These were put in
after the experiments were started since the necessary equipment was
not available at planting time. Hypodermic syringes were used to
sample 2 to 5 cm3 of the seil atmosphefe, and the CO2 c0ntent~wa8
determined on the gas chromatograph.

Plants were irrvigated following the consumptive use curve. Heavy
rains in latter December and continuing through January decreased the
need for water application, and with the COZ~water treatments would
have meant less 802 application than initially anticipated. Thus,
the experiment was modified te include the Cozmair treatment.

RESULTS AND DISCUSSION:

The COZ—water and Cﬁzwair treated plots out-yielded the check
plot (Table 1). These yields were approximately 207 greater than
the check. Their straw weight was significantly higher and the number
of heads/m2 was alsco greater than the check plots. No significance
was ohktained on the individual kernel weight. The carbon dioxide con-~
centrations in the profile were increased by both the COzwwater and
COZ~air treatments (Table 2). Limited analytical equipment prevented
more detailed monitoring of the CO2 status. Under normal conditions,
CO2 concentrations were in the order of 0.2 to 0.5% from 2.5 to 10 cm
depth, and increased to 1.00 and higher from 20 to 60 cm. \

The 7.2 pH of the irrigation water was reduced to 5.3 with the
CO2 treatment. Soil pH measured on moist soil in the field was 8.0

compared to 6.4 for the COz~water treated soil.
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B. Cabbage.

Procedure: Cabbage was seeded in double~row geometry on
100-cm wide beds. Double-wall trickle tubing was previously buried
15 em below the soil surface. The COZ~water and checks were randomly
replicated 4 times on the 1 x 18 m plots. The seeds were planted on
26 September 1977, and harvesting started 4 January 1978, and contin-
ved to 21 February 1278. Soil gas sampling probes were installed at
various depths to 80 cm along the plant row in October. Irrigation
scheduling followed the consumptive ﬁse curve. Heavy rains in December
reduced trickle irrigation application of carbonated water. Witrogen,
as urea, was applied at a rate of 140 kg/ha in three increments with
the trickle irrigation system.

The COzwtyeated water was prepared in a manner similar to the
preceading wheat ewperiment. Carbon dioxide was applied at the rate
of 4.1 g/mz/hr during the irrigation period.

RESULTS AND DISCUSSION:

The cabbage yield for the different treatments is compared.in
Table 3. No significant yield difference was obtained between the
two treatments.

Carbonation reduced the pH of water from 7.7 to 5.2, and the pH
of the soil from 8.0 to 6.4. Analyses of leaf samples has not been
completed.

C. Potato. 4

Procedure: Potato (Kennebac) was planted on 23 May 1978, on
the same plot as the cabbage experiment. Replication was increased
from four to eight. The bed width was set at 86.4 cm, and plant
spacing in the row was 17.8 cm, with seed planted at a depth of 17.8 cm.
Double-wall trickling irrigation lines were buried 7.6 cm deep and
approximately 10 cm laterally £rom the seed piece. Irrigation quan-
titles with carbonated water followed the consumptive use curve.
Carbon dioxide was applied at 4.2 g/mz/hr, Nitrogen (168 kg/ha) and
phosphorus (224 kg/ha) were applied in five increments, ineluding

preplant fertilization.
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RESULTS AND DISCUSSION:

The plants in the»Coé~treated plots appeared to be greener with
more growth than those in the check plots. The differences, however,
became obliterated as the plants matured. Yield comparisons are made
in Table 4. The Csztreated plots had approximately 107 greater
potato yield than the check, but this was not statistically signifi-
cant. The leaf-to~tuber ratio was significantly smaller in the COzm'
treatment (1.79) than in the check (2.74).

D. Cantaloupe

, Procedure: Cantaloupe for fall production was seeded on
1 August 1978, on 2 1.5 m wide by 17 m long plot with 8 randomized
replicates per treatment. The plots were previously planted to
potato. The double~tube trickle irrigation tubing was buried 20-cm
deep in the middle of the béd pfior te planting. Plants were thinned
to one plant/30.5 cm on 29 August. - Application rates of nitrogen and
phosphorus fertilization followed commercial practices by growers in
this area.

The consumpiive use curve was utilized for determining frrigation
quantities. Water use by the crop was alsc followed by the neutron
moisture measuring technigue. Carbon dioxide was applied with the
irrigation water at the rate of § g/mz/hra Scil atmosphere sampling
probes were installed at depths of 2.5, 5, 10, 20, 40, and 60 cm.

Gas samples were analyzed for CO, with the gas chromatograph.

Fruit harvesting began on 1% Cetober and continued to 13 Novemher.
There were 9 pickings duving this period with two~ to three~day inter—
vals between harvest. The number of frult per plot, weight of the
different sizes and fruit quality were measured during and immediately
following the harvesting process. »
RESULTS AND DISCUSSION:

At the early stages of growth, the plants in the COZwtreéted
plots appeared more luxuriant in growth compared to the untreated
plots. The difference, however, was hard to discern after the vines

fully covered the bare plots.
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The pH of the irrigation water was decreased from 6.9 to 5.2
with the CO2 treatment. Soll pH was also lowered from 7.7 to 6.2
in the moist soil arcund the trickle tube discharge.

Powdery mildew was observed in all plots during the latter
part of September and chemical spray treatment to control the infes-—
tation was started. Spraying was timed so it would not interfere
with the harvesting of the crop.

Marketable cantaloupe vield was 60.0 kg/plot (241 crates/acre)
for the check and 70.1 kg/plot (283 crates/acre) for the Csztreated
plots. The 17% increase in yvield was not significant, however. ‘

Various aspects of fruit quality are compared in Table 5. Over-
all sugar content avevage for the thres sampling dates was 9.3 and
9.7 for the check and C@Z treatments, respectively. The difference
is statistically significant only at the 207 level. The other sub-
jective tests based on visual observations did not indicate much
difference in quality between the C02~treated and untreated plots.

The high variability encountered in this, as well as other
studies'may be caused by pon~uniformity in the trickle tubing used
for drrigation and COZ application. Disease was alsc a problem in
the cantaloupe work. The growing season was especially wet for all
crops, so the full potential of the CO2 treatment way not have been
achieved. Different levels of COZ could not be used because of lack
of equipment and plot avea. The study was primarily exploratory in
nature to see whether the field equipment will work in field-type
situaiions.  More extensive measurement in regard to plant growth
and CO2 flux and CGQ distribution should add to the understanding of
the basics of the COZ freatment.

The carbon dioxide levels in the soil profile followed a regular
pattern before and after irrigation with the non-carbonated water
(Table 6). Gas samples were taken before, during, and after an irri-
gation cycle. At 2.5-cm depth, the soil CDZ content is approximately
ten times rthe ambient atmospheric concentration, and at 20 em (8 in.)
it is higher by approximately thirty times. Whether the €0, concen-—

2

tration and gradient present in the soll can adequately supply optimum
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CO2 levels for maximum photosynthesis in unknown. By approximation
using the flux relation f = -k(dec/dx), the G0, flux from 20-cm depth
would be 1.4 g of C@Z/mehr» This 1is the value under ideal conditions.
Values in the litevature range from 0.2 to 0.5 g of COZ/m2/hr,

The C02~water treatment did increase the C02 concentration in the
soll atmosphere, but this is evident only while the carbonated water
was being put subsurfacely to the plots {(Table 7). The check COZ values
are the averages from the preceeding table. The two different sites
- (A and B) gave different €0, levels. The paired A and B €0, analyses
for a given treatment period can be compared with the untreated by
using the same treatment days. TFor example, in the 7-hour treatment

run of 6 September, the CC, level had increased in COzrwater concen~

2
tration as indicated in Table 7, whereas very little COZ change had
occurred in the check of Table 6 for the same day. By & September, the
C02 levels in the pr@file for the COZQtreatment were nearly those of
the untreated plots. Carbon dioxide application by the CDZ~water com-~
bination is limited to the drrigation periocd. Thus, if water appli-
cation is decreased because of rain, as was the case for thié year's
experiment, less C@Z would be applied.

A salient requirement in this type of study is the need for a
uniform applicaticn trickle system. This is important not only from
the standpoint of water application, but for fertilizer and COZ appli~
cation as well.

SUMMARY :

A carbon dioxide-water mixture was applied with a subsurface
trickle irrigation system for the purpose of increasing CGZ uptake by
the plants through the root system. Results for potato, cabbage, and
cantaloupes were too variable to achieve statistical significancé,
but the trend was for increased yleld in the potato and cantaloupes
with no difference in cabbage. Wheat yield showed a significant N
increase, with the results for the GOZMwater treatment being similar
to the C02~air treatment. The quantity of ca, applied in the COzm
water treatment was limited by the amount of irrigation water used.

13-7

Annual Report of the U.S. Water Conservation Laboratory



The combination of COZ-water or COz—air applications may be used in
increase (]O2 application rates.

An effort should be made to see whether the naturally occurring
high concentrations of C02 in the soil atmosphere cculd be used to‘
advantage for increasing the CO2 flux to the leaf by moving the gas

upwards with subsurface trickle irrigation systems.

PERSONNEL: Francis 5. Nakayama, Barbara A. Rasnick, Dale A. Bucks
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Table 1. Comparison Ofkwheat vield for the various C02 treatments.

Wheat Yield [Tons (metric)/ha]

Heads Individual
Treatment Grain Straw me kernel wt. {(mg.)
Check 6.92 5.83 3.8%9 53.2
Air-»-CO2 8.51% 8.98% 5,29% 49.0
HZO--CO2 , 8.23% 7.26% 4. 60% 50.2

* Significant at the 1% level.
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Table 2. Carbon dioxide concentration in COZ-water treated plot

(9 May 1978).

0, Concentration (%)

y
{Time)

Depth (cm) 0800 1000 1200 1400 1600%  Check
2.5 0.22 1.70 2.24 2.45 1.76 0.19
5.0 0.36 1.27 1.90 2.28 2.04 0.28

10.0 0.52 1.12 1.80 2.32 2.49 0.61
20.0 - 1.66 2.28 3,05 3.44 1.00
40.0 2.45 2,46 2.32 2.35 2.73 1.32
60.0 2.59 2,75 2.67 2.72 2,75 1.14
# Anal_yses for the COZ—-air treatment; air = 0.06% COZ'
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Table 3. Comparison of cabbage yields between the COZ-treated and

untreated systems.

Cabbage Yield [Tons (metric)/hal

Marketable Individual
Treatment yield Culls ~ Total heads (g/head)
HZO-only 55.5 6.5 62.0 962
H,0-CO 53.0 5.7 58.7 917

2 2
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Table 4. Comparison of potato yields between the COz—treated and

untreated irrigation systems.

Potato Yield [Tons (metric)/hal

Jumbo,
Treatment #1, #2 PeeWee ‘ Culls Total
H20~—Only 20.4 0.89 1.82 22.7
H,0~CO 22.7 1.02 1.76 25.4

2 2
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Table 5. Cantaloupe fruit quality for fall harvest.

Cavity Cavity Flesh—l—/

Treat- Genl;l-/ Outside~l-/ Inside-l-/ Dryw—l—/ length width firm~ Sugarg-/
Date ment cond. Net;-/ color color ness (cm) (cm) ness (%)
10/23 Check 4.0 4,7 4.6 5.1 3.3 8.5 5.2 4,7 8.7

002 4.5 5.4 5.2 5.4 3.7 8.4 5.3 5.3 8.9
10/26 Check 4.9 5.6 5.3 5.5 3.6 9.0 5.4 5.7 9.8

CO2 4.8 5.1 5.2 4.6 3.0 8.4 5.1 5.1 10.5
10/30  Check 4.0 4.7 4.6 5.1 3.3 8.5 5.2 4.7 9.4

co, 4.5 5.4 5.2 5.4 3,7 8.5 5.3 5.3 9.7

1/ Visual evaluation, rated on scale from 1 through ‘99 with 9 the most desirable.

2/ Measured with sugar refractometer.
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Table 6. Carbon dioxide concentration (%) in soil profile, following trickle irrigation (mean of

two sampling sites).

Dates
Depth 06 Sept. 06 Sept. 07 Sept. 08 Sept. 15 Sept. 15 Sept. 22 Sept. 22 Sept. 29 Sept. 29 Sept.
(em) (7 hr.) ' ‘ (2.5 hr) (1 hr.) (2 hr.)
2.5 0.20 0.38 0. 34 0.26 0.23 0.25 0.54 0.57 0.36 0.37
5.0 0.30 0.44 0.42 0.32 0.32 0.32 0.68 0.66 0.45 0.38
10.0 0.50 0.56 -0.53 0.47 0.45 0.51 1.06 1.10 0.65 0.70
20.0 0.80 0.76 0.88 0.72 0.94 0.63 1.78 1.78 1.14 7 1.04
40.0 1.64 0.93 1.36 1.25 0.84 1.26  1.44 1.54 1.34 1.38
60.0 — — - - - — — -— 1.16 1,26
Dates

Depth 06 Oct. 06 Oct. 13 Oct. 13 Oct. 20 Oct. 20 Oct. 27 Oct. 27 Qect. Overall

(em (1 hr.) : (I hr.) (0.5 hr) - (2 hr.) average
2.5 . 0.34 0.33 0.28 0.35 0.32 0.32 0.14 0,28 0.33
5.0 0.42 0.37 © 0.3 0.40 0.37  0.38  0.18  0.34 0.40

10.0 0.62  0.58 ° 0.46 0.53 0,50  0.55  0.25  0.35 0.5

20,0 1,22 1,19 0.9  0.95 0,86  0.82 0.47  0.48  0.97

40,0 1.53 ' 1.73 . 1.28 1.26 1177 © 1.00 - 092 0.8 1.26

60.0  1.19 1.27  1.15  1.18 1.08  1.16 . 0.86- ..  0.88 1.12
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TITLE: EVALUATION OF COzwiﬁRICHED, UNVENTILATED, SOLAR~HEATED

GREENHOUSES ,
NRP : 20760 . CRIS WORK UNIT: 5510~20760-001
CODE NO.: USWCL 78-4
INTRODUCTTON:

This project is a continuation of the work described in earlier
annual rveports under the project title, ""Temperature control of 802~
fertilized, sealed greenhouses." The change was made to make the
outline somewhat more general and to conform to the new format with
outside peer yveview of the project outline.

REVIEW OF MANUSCRIPTS:

A major objective of this project is to evaluate the crop yields
attainable with CO? envichment in unventilated greenhousas. The firét
results from the spring 1977 and the winter 1977-78 crops of "tropic”
tomatoes have been described in two wanuscripts, ”C@z enrichment of
tomatoes in unventilated greenhouses in an arid climate” (Kimball and
Mitchell, 1979:) and "Tomatoc vields from Cﬁz enrichment of unventi-
lated and conventionally ventilated greenhouses” (Kimball and Mitchell,
1979d). F¥or the spring 1977 crop, the conventionally ventilated control
house at ambient C@? had a high vield of 8.58 kg/plant. Unventilated
houses enriched with 650 and 1000 ui/2 CO, during the daytime had 17 and
4387% greater yields than the control. An unventilated, unenriched house
suffered a 137 yield decresse attributable to depletion of COZ or
possible detrimental effects of higher humidity.

Before the winter 1977-78 cyops, the houses were subdivided into
two beds; one bed received the standard nutrient level used in the
first experiment, and the other received a 507 more concentrated solu-
tion. At the standard nutrient level, the marketable yield of tomatoes
was 8.48 kg/plant in the conventionally ventilated control house at
‘ambient COZ' Ooventilated houses had yields 64 and 637 greater at
1000 and 1350 u/g ﬁOZ; respectively, and a ventilated house at 1000

ue/e Co v. At the high wnutrient level, the

2

had a yield 87 great
control house yielded $.70 k

Cer.
gf/plant. The other yields were 35, 37,
and 10% greater in the 1000 and 1350 pi/4 €0, unventilated houses, -

‘and the 1000 n/2 wventilated house, respectively.
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During January and February 1978, the effects of the treatments
on tomato taste werve evaluated using taste panels. The results are
described in "'Effects of CGZ enrichment, ventilation, and nutrient
concentration on the taste of tomatoces’ (Kimball and Mitche11‘1979c)g
Four lb-member untrained taste panels scored individual tomatoes from
each of the eight treatwments, plus additiomal field-grown and
hydroponic greenhcuse tomatoes from a market, for coleor or general
appearance, texture, aroma, overall consumer acceptability, and rank.
The field tomatoes scored significantly (at 5%) lower in all six cate—
gories. The hydroponic tomatoes had better color than samé of the
unventilated treatments, but generally were not significantly differ—
ent from the experimental tomatoes. There were no significant
effects of COZ concentration for any of the scoring categories. Lack
of ventilation caused a small but statistically significant fmpair-
ment of color, flavor, acceptability, and rank, while higher n&trieﬁt
concentration caused 2 small but significant improvement of these
same categories.

During 1978, an improved psychrometer was developed as described
in "An accurate, low-maintenance psychrometer” (Kimball and Mitchell
1979a). The psychrometer features a force-feed wicking system to
prevent drying of the wick., A minilature pump recirvculates the water
over an inner wel bulb radiation shield. The water cools to wet bulb
temperature, thereby eliminating the radiation exror on the wet bulb
and also the conduction erroy of heat flow in the wick. The design
also features quick assemwbly for easy servicing of the wick. The
psychrometer will be used to measure accurately the wet bulb of the
arid outdoors and also in a diffevential mode to measure the increase
in enthalpy of the air passing through a greenhocuse.

METHODS :

Greenhouse maintenance in 1978. During the spring of 1978,
little or no water was draining into the irrigation drainage éumps
in greenhouse #2, the control house. Therefore, after the crop had
been removed from the greenhouse, drainage tests were performed in

all four houses by flcoding the beds on 12 June 1978 and observing
14~2
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the decline of water level in the drainage sumps (sump pumps off).
By 19 June, the water levels had dropped .75 and 1.5; 6.5 and 5.5;
1.25 and .75; and 1.25 and 1.0 for the "low" and "high' beds in
greenhouses 1, 2, 3, and 4, respectively. Therefore, during the
week of 20 Jume, the sand in greenhouse 2 was shoveled from one side
to the other and the plastic liner was rveplaced. HNeothing was found
in the old liner ro indicate the cause of the leaks. While the sand
was removed from the east (Ylow') bed, the sump was shortenmed to 26%
to make it identical to the other houses. Then to be sure that
rodents don't hurt the new liners, a layer of 2" concrete blocks was
laid down on the bottom of both beds. Concrete was also molded to
£i1l in the side walls and curves around the sumps. The new liners
consisted of two layers of "tu~tuf-4" from Sto-cote Products, Inc. lj,
the same material the old liners were made from. A thin laver of
sand was placed over the blocks, then the liners were put down, then
the sump and drain tubes, and then the sand for the bed itself was
shoveled back.

At the same time, the cooling systems for all four greenhouses
were refurbished. Loose coating and corrosion were sandblasted off
the cooling sumps and towers and spray chambers, and they were all
recoated with cooler sealex.

Cultural procedures. A fall crop of tomatoes was sown in peat

cubes on 11 July 1978 and transplanted into the greenhouse om

4 August 1978. The variety was changed to "N-65" from the University
of Hawaii. The variety change was made because during the spring of
1978, "Tropic' had developed '"Paul King's” disease, a yellowing between
the veins of older leaves which progressively develops into necrotic
tissue (Kimball and Mitchell, 1979d). Dr. Merle Jemsen (Environmental

Research Laboratory, University of Arizona, Tucson, personal

1/ Trade names and company names are included for the benefit of the
reader and do not infer any endorsement or preferential treatment of

the product listed by the U. S. Department of Agriculture.
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communication) reported that tobacco mosaic resistant plants like
N-65 did not get the disease.

The greenhouse treatments were the same as for rthe 1977-78
winter crop. Briefly, house 1 was enriched to 1000 pf/2 whenever
the greenhouse temperature was bhelow 26.5 C. Above 26.5 C, conven~—
tional ventilation with evaporatively cocled air was started and the
CO2 enrichment was stopped. Greenhouse 2, the control house, was
ventilated in the conventional way like house 1 above 26.5 C, and
no CO2 enrichment was done. Houses 3 and 4 were cooled with the
cooling~tower systems above 26.5 C. Above 30 C, they were also
ventilated with evaporatively coclad air. House 3 was enriched to
1000 ne/s COZ and house 4 to 1350. No enrichmant was done at night.
All houses were electrically heatred when the temperature decreased
below 15.5 C.

As reported last year, the dyrip drrigation system has had a
tendency to clog with calcium phosphates. To solve the problem,
phosphoric acid (H3P04} was used instead of KH2P04 for the phos—
phorus source {(Fontes, 1977). To compensate for the loss of X from
the KH2P043 more KNOB was added. Then to compensate for the added
N from the KNO3, the amount of Ca(NOB)Z was reduced. The final
result was that the concentrations of all elements were the same
as for the winter 1977-785 crop, except Ca, which was reduced from
177 to 126 ppm for the "low" concentration beds and from 240 to 161
ppm for the "high” concentration beds. The injector pumps again were
operated in an alternating mode. That is, separate pumps were used
for stock 1 containing the phosphate and stock Z containing the
calcium. A cam timer switchedvalternately from one to the other with
water in between. The cycle was: 6 min stock 1, 6 min water, 6. min
stock 2, 6§ wmin water, etc. The clogging problem was greatly reduced

using H as the phosphorus source.

379
In spite of having fumigated all houses with 3 1b each of methyl

bromide on 7 July 1978, a severe disease problem occurred with this

144
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crop. During the month of November, a fungus disease which we believe

was Botyytis cinexra or gray wmold became very prevalent in house ] On

Y

17 November 1978, the plants from this house were harvested for a

final time and destroyed. The lower senescent leaves on the plants

in the other houses were removed more genercusly than usual, and the
plants were spraved weekly with Benlate at a concentration of 2 tsp/gal
of water. There was some loss of fruit in the other houses, but no
losses of whole plants.

Another problem we found was that the variety, N-65, was partly
determinant in its growth. Some of the plants in every house develabed
flower clusters from the apical bud and ceased vegetative growth.

Other plants would send out a vigorous lateval shoot that was bigger
than the apical shoot. Sometimes the lateral was mistaken for the
apical shoot and the apical shoot was pruned inéteada The result was
highly variable plant heights because some of the plants were stunted
at variocus times.

To have some measure of the staristical error in the plant vield
data for the different treatments, five plants in the "low” beds and
seven in the "high" beds were randomly selected, and the vields from
these 48 plants were fecorded individually srarting on 27 October 1978,

On 20 Maxch 1978, 10 tomatoes, and on 24 November 1978, & tomatoes,
from each treatment were selected for Vitamin A and C analysis. They
were chosen on the basis of appearing ripe and uniform. They were
placed in labeled polyethylene bags and frozen overnight in a freezer.
On the next day they were packed with dry ice and shipped to the Western
Regional Research Center, Berkeley, California, courtesy of Dr. Gary M.
McDonald, Research Chemist. They were kept frozen until time for the
analyses.

The methods of analyses are described in Freed (1966). Briefly,
one tomato comprised one sample. ‘It was divided in two parts, one
part was made into a 50% alcchol slurry and frozen for subsequent
Vitamin C analysis; the other part was lyophilized and analyzed for

Vitamin A.
14~5
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The Vitamin A was analyzed as B-carotene by column chromatog-
raphy purification and spectrophotometrically determining the concen-—
tration against a set of standards. B-carctene was converted to
Vitamin A by the factor 0.60 mcg. of B-carctene equals 1 U.S.P. unit
of Vitamin A as assigned by the United States Pharmacopeia.

The total Vitamin C analysis consisted of converting ascorbic
acid to dehydroascorbic acid with bromine and determing the dehydro-
ascorbic acid colorimetrically by coupling with diﬁitrophenylhydraziﬁe,

Measurements. Most measurements were essentially as xeported

last year. Changes were as follows. First, a "saturn’ radimeter was
mounted on one of the storage cubicals about 10 m north of greenhouse
1 at about a 2-m height. The saturn senses downcowming thermal radi-
ation from the sky needed in modeling the greenhouses® other devices.
Second, the tube radiometers were removed from inside the greenhouses
and routine measurements of solar radiation inside the greenhouse
were stopped. Instead, on particular days, measurements of down-
coming and reflected radiation inside the greenhouses were made

using a tube solarimeter and a strip chart recorder. Measurements
were made at four positions in each greenhouse. Third, thermocouples
were installed in the soil in the back field about 2 m south of the
fence and directly scuth of greenhouse 2. The depths were 25, 50,
100, 150, 200, and 250 cm. Holes were made with a pointed 1/4%-
diameter rod. Then the thermccouples attached to 1/4" wooden dowels
were inserted into the holes, The soll was packed around the dowels
to complete the installation, and the voltages were recorded on the
data acquisition system.

RESULTS:

Environmental Conditions. The environmental conditions for the
fall 1978 crop outside and in the greenhouses are summarized in Tables
1 and 2. The conventionally cooled greenhouses (1 and 2) received an
average of 417 of their scolar radiation while not ventilated compared
to 67% for the cooling tower systems (3 and 4). The inside average
daytime air temperature ranged from about 27 C in August to 22 C in

December. The corresponding nighttime temperatures ranged from 25
14-6
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_to 16 ¢. The relative humidity of the air in the conventionally
ventilated, fan~pad cooled greenhouses varied from 66% during the
day in August to about 80% during the day in November to about 85%
at night in winter and summer. In the unventilated greenhouses,
the relative humidity was close to 857 most of the time, decreasing
in December when the heaters added dry heat.

The average day and night CO2 concentrations by month are
listed din Table 2. At night, respiration and the pilot lights on

the CO2 generators increased the (0, concentrations considerably

2
above daytime values, The decreasing trend for rhe ventilated,
ambient house probably is only partly real and may paxtly be due

to our practice of calibrating the analyzers with 1000 ppm gas.
Thus, they are move accurate near 1000 p2/% than at lower ambient
levels.

Yields: The marketable tomato yields for all plants are
presented in Fig. 1, while those from the randomly selected indivi-
dual plants ave presented in Tables 3 and 4. The conventiomally
ventilated houses generally had higher vields than the unventilated,
COzwenriched houses during October and November. The analysis of
variance of the individual plant yields for the first half of
November in Table 3 shows that indeed the ambient COzy ventilated
house generally did yield significantly higher than the other green-~
houses. In December, the C02~enriched houses outyielded the ambient
house (Fig. 1) with the result in Table 4 that there was no signi-
ficant difference in the 27 Oct ~ 2 Jan yields between the three
greenhouses. Also, there was no significant difference due to
nutrient concentration in either table.

The magnitude of the yields in Fig. 1 are roughly the same as
found last yvear for the first 3 months (December, January, Febrﬁary)
of the 1977-78 winter crop. For those first three months of that
crop alsc, there was very little effect of the COZ enrichment on
yield. The reason for a lack of response is mot clear. It is con-
sistent with the observation in the Northeast that spring crops out~-

vield fall crops and respond more to CO, enrichment (Brooks et al.,

2
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1973). This crop alse had two problems that added uncertainty to the
data. As mentioned earlier, the first was the tendency of some of the
N-65 plants to be determinant and stop vegetable growth and/or produce.
particularly vigorous lateral shoots that could be mistaken for the
apical shoot. The result was a variety of plant heights.

Superimposed on the variety-caused variability was the outbreak
of Botrytis. Whether either of these problems was in fact more severe
in the €O, -enriched, unventilated houses and may have negated a posi—

2

tive ryesponse to COZ is unsure. However, these tfreated houses did
have higher percentages of cull or unmarketable fruit than the control
house as shown in Fig. 2. The cull percentage for the ambient CO27

ventilated {(contrel) house was a low 10%, while the CO,.—enriched,

2
unventilated houses had percentages close to 20. The COZMenriched,
ventilated house which had to be terminated had 35% culls, caused
primarily by the Beotrytis. If the unmarketable fruit yields are

added to the marketable, the total fruit vields from the variocus houses
are even closer than the marketable yields were alone.

Also shown in Fig. 2 are the average sizes of the marketable
fruit. There was little difference between the treatments. The N-65
tomatoes were somewhat smaller than the tropic tomatoes reported pre-
viously. Tropic averaged about 0.22 kg/fruit compared te 0.18 for
the N-65.

The teotal dyy matter yield from the above ground plant parts is

also shown in Fig. 3 with the exception of the CO,-enriched, ventilated

2
house that had the Botryitis outbreak. The control house produced
slightly more dry matter at the standard nutrient level, but generally
the differences were small.

CO2 recovery: The amount of natural gas supplied to the green-

houses expressed as kg COZ/plant is presented in Table 5. The fall
months used more CO2 than the summer because of less ventilation and
more than the winter months because of longer days. The recovery
percentages are slightly higher than last year, about 22 compared to

19%.

14-8
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Infiltration: Table 6 presents results of some tests to measure

the rate of air infiltration into the greenhouses. The COZ generators

were turned on tce ralse the 002 concentration to high levels in the
greenhouses and then turned off. Then the kg of concentration was
plotted against time to determine the infiltration rate {air chaunges/
hour) following Businger (1963) and also the velocity of air exchange
per wnit of wall area following Okada and Takakura €(1973). Green—
houses 3 and 4 are better sealed than 1 and especially 2, as evidenced
by the 0.48 and 0.64 air changes per hour for greenhouses 3 and 4
compared to 1.02 and 3.65 for greenhouses 1 and 2. The velécities
calculated from the equation of Okada and Takakura (1973} came closer
than expected to the measurved values considering that they worked with
glass houses, not fiberglass. Their equation appears to peed an
additional term to account for the extra exchange caused by the fans
in the ducis of greenhouse 3 and 4 when they were on.

‘Vitamin A and C. The results from the 20 Mavch 1978 tomato

samples showed suspiciously low values of both Vitamin A and C. The
average values were about 500 U.S.P. units/100 gm for A and 6 mg/l00 g
for C compared to Handbook (Watt and Merrill, 1963) values of 900 and
23 for A and C, respectively. Because the values were so low, they
were not statistically analyzed and will not be presented. As a result
of the March experience, additional checks were included for the
analysis of the November samples. These included purchasing field- and
greenhouse~grown tomatoes from a Phoenix market and freezing and ship-
ping them along with the expevimental tomatoes. Also fresh tomatoes
were’purchased from a Berkeley market and were analyzed for Vitamin C
on the same day the frozen samples were analyzed.

The results are presented in Fig. 3 and Tables 7 and 8. First
referring to Fig. 3 and Table 8, the Vitamin C contents from all the
frozen samples were slightly lower than the fresh tomatoes and all
were lower than the Handbook values. The difference wasn’t of the
same order of magnitude as the March samples, however, so it is
probably safe tc assume that the freezing, storage, etc. affected all

treatments the same. Thus, continuing to focus on Vitamin C, the

14-9
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Vfield" tomatoes had significantly less than most of the pther treat-
ments. There was no significant difference in Vitawin C among any of
the treatments for the experimental tomatoes, nor were the "greenhouse'
tomatoes significantly different.

Referring to Table 7 and Fig. 3, the "field" tomatces had signifi~
cantly less Vitamin C than the unventilated greenhouses and the high
nutrient, 10060 ﬁ%/i ventilated treatment. The "greenhouse’ tomatoes
were not significantly different from any of the treatments. The
ambient 0027 ventilated house had significantly lower Vitamin C than
the COZ-enriched houses with the exception of the standard nutrient
treatment of the other ventilated,

Thus, we counclude that C02 enrichment and lack of wventilation did
not harm the Vitamin A and C content of the tomatoes. Indeed, these

treatments Increased the Vitamin A content slightly.

Soil temperatures. In Figs. 4 and 5, the deep scil temperatures

are plotted against time of year. The characteristic lag and damping
of sc¢il temperature is apparent. The 2.5-m depth reached a maximum
30.0 C in September whereas the average dailly air temperature probably
reached a maximum somewhat higher than 30 € during the July gap of the
data.

Energy consumption. The length of time per month that the heating,

cooling and emergency ventilation systems were in operation is listed
in Table 9. December was unusually cold and the heaters were on more
than 10 hrs per night. During August, all the coolers were in opera—
tion more than 12 hrs per day. The high humidity during this month
made the unventilating cooling systems inadequate for 7 to 8 hours per
day, so the emergency vents opened and 002 envichment did not occur
during these hours. During September, the emergency vents were open
about 2~3 hrs per day, decreasing to only a few minutes on the aﬁerage
for the other months.

The energy consumed per plant is shown in Table 10. These data
were computed from Table 2, using the power ratings for the various
systems listed at the top of Table 10. The power ratings were deter—

mined from volitage and amperage measurements as discussed in the 1877

14-10
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Annual Report. The unventilating cooling systems required about four
times as much energy for cooling as the conventional cooling systems.

Water consumption. The amounts of water lost from the cooling

and irrigation systems are listed in Table 11. The cooling system
data are not very logical. In August when the emergency vents were
open a large portion of the day, the water consumption of the unven—
tilating cooling systems should have been about double instead of
nearly equal the conventional system because evaporation could occur
both in the cooling towers and the spray chambers om the greenhouses.
Then in October the consumption should have been similar for the two
systems instead of 3 to 5 times as much for the unventilating system.‘
The water meters or leaks must have disturbed the cooling data. The
evapotranspiration data are more logical with the conventional green-—
house using about twice as much water in accordance with their lower
humidity (Table 1).

SUMMARY :

The yield response of tomatoes to CO2 enrichment in unventilated
greenhouses was evaluated. A 1977-78 winter crop of the Tropic"
cultivar gave yield increases of 507 with all of the benefit from COZ;
enrichment coming in the spring months. This was consistent with
the first crop grown in spring 1977. Then a fall crop of "N-65"
cultivar failed to show a significant response to COZv This crop
suffered from a Botrytis cutbreak and from being somewhat determinant
in growth habit.  Thus the lack of respomse with crop could possibly
be attributed to the disease or growth habit or to just being fall.

Taste panels were conducted to see if the greenhouses were
affecting tomato taste. There were no significant effects of CO2
concentration, but lack of ventilation caused a small but statisti-
cally significant impairment of color, flavor, acceptability, and
rank. Higher nutrient concentration caused a small but significant
improvement of these same categories.

Sample tomatoes were frozen and shipped to the Western Regional
Research Center, Berkeley, California, for Vitamin A and C analyses.

The results showed that C02 enrichment and lack of ventilation did.

14-11
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not affect the Vitamin C content of the tomatoes, and actually
increased the Vitamin A content slightly.

Additional data were obtained on the environmental conditioms,
energy consumption, and water counsumption of the ventilated and
unventilated greenhouses. The results were similar to last vear
with about 25° MJ/plant required for cooling the unventilated
houses compared to 80 for the ventilated. The cooling water data
were inconsistent, but the evapotranspiration data showed about
140 %/plant of irrigation water were used in the unventilated
greenhouses compared to 230 in the ventilated. |
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PERSONNEL: 'B. A. Kimball, §. T. Mitchell, and D. S. Jones.
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Table 1. Monthly average environmental conditions for the fall 1978 crop inside and outside the
ventilated (V) and unventilated (U) greenhouses for all houses in a ventilation category.

Outside air Inside air Inside relative
Solar radiation temperature {(°C) temperature (°C) humidity (%)

Daily While unven- Dry bulb Wet bulb Day Night Day Night

total tilated (%)

MJ /m? Vv U max  min  max min VU V U vV U V¥V U
Aug  27.18 4 23 37.9 23.9 21.6 18.0 27.0 26.2 24.9 25.3 66 83 76 86
Sep 22.94 19 65 35.0 21.0 20.7 16.0 25.8 25.2 23.6 23.8 71 8% 85 91
Oct 16.58 63 99 30.8 16.2 17.8 12.9 24,9 24,4 19.9 20.1 78 91 S0 93
Nov  10.95 90 100 19.8 9.1 12.9 7.4 22.5 22,2 15.6 16.6 80 88 85 89
Dec  10.24 97 100 15.1 -3.6 9.7 ~3.6 21.7 21.% 16.5 15.7 73 82 71 81
Avg for
fall
crop 17.58 41 67 27.7 13.3 16.5 10.1 24,4 24,0 20.1 20.3 74 87 81 88
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"~ Table 2. The average day and night CO, concentrations for the fall

2
1978 crop by month in the four greenhouses.

Average CO2 Concentration (M&/2)
Month Day , Night
Ventilation:z v v u U \Y v U U‘
Nominal CO,:  amb. 1000 1000 1350  amb. 1000 1000 1350
August 461 496 710 750 531 924 1436 1239
September 438 566 769 969 488 1317 1614 1713
October 435 608 1012 1405 536 1675 1650 2223
November 320 778 973 1184 390 1177 1167 1463
December 247 622 1056 1186 289 596 870 1099
Average for

fall crop 380 614 904 1099 447 1138 1347 1547

<
i

ventilated with conventional fan-pad evaporation coolers at 26.5 C.

oo
it

unventilated unless emergencies or humid weather forced ventilation
at 29.5 C.
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Table 3. Total marketable fruit yields of selected plants from 27 QOctober
to 17 November 1978 and analysis of variance (following Snedecor,
1956, p. 379) for the ventilated (V) and unventilated (U) green—
houses at various CO, concentrations and standard (S) and high
(H) nutrient concentrations. V '

Plant No. Marketable fruit (kg/plant)
Ventilation: v v u U v v U U
002 (ug/e): amb. 1000 1000 1350 amb. 1000 1000 - 1350
Nutr. Conc. S S S S H H H . H .
1 2,22  1.20 1.06 1.99 1.55 1.83 2.63 1.67
2 1.66  1.07 - 1.16 1.74 0.97 0.86 1.58
3 1.55 1.29 0.34 0.72 2,39  0.50 1.14 ‘»1,20
4 ' 1.24  0.93 0.83 0.44 1.05 1.07 0.88 1.26
5 1.80 0.%92 0.63 1.87 1.76  0.40 1.23 1.05
6 2.38 0.56 . 0.41 1.11
7. , 3.76 1.30 0.89 1.57
Mean 1.69  1.08 0.72 1.24 2.09 0.95 1.15 1.35
ab be c be a ¢ bec bc

Least Significant Difference (.05) = 0.66

Source of Variance df SS MS ¥

Concentration of nutrients 1 0.4267 1.36
Greenhouse (ventilation - COZ) 3 6.8590 2.2863 7.27%%
Cx G 3 0.6005 0.2002 0.64

Error 39 12,2661 0.3145

%% Significant at 0.01

14-16
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Table 4.

Total marketable fruit yields of selected plants from 27 Oct 1978
to 2 January 1979 and analysis of variance (following Snedecor,
1956, p. 379) for the ventilated (V) and unventilated (U) green-
houses at wvarious COZ concentrations and standard (S) and high

(1) nutrient concentrations.

Annual Report of the U.S. Water Conservation Laboratory

Plant No. Marketable fruit (kg/plant)
Ventilation: v u U v u U
C02 (na/ay: amb. 1000 1350 amb. 1000 1350
Nutr. Conc.: S S S i i H

1 4,38 9.88 5.15 6.86 7.91 5.22
2 6.49 7.09 3.27 6.12 5.63 5.63
3 -~ 5,10 3.63 4.56 4,73 3.11
4 2.49 3.79 1.51 4.05 5.61 3.60
5 7.36 4.47 4.08 7.59 4,66 2.12
6 6.84 3.99 3.75
7 6.09 4.51 5.53
Mean 5.18 6,07 3.53 6.02 5.29 4.14
Source af 83 MS )
Total 34 136,17
- Treatment 5 29.14 . 5.83 1.58
Error 29 167.03 3.69
14-17



Table 5. CO2 consumption and CO2 recovery percentage in plant dry matterv
for N-65 tomatoes, fall 1978, for the ventilated (V) and unven—

tilated (U) greenhouses at wvarious CO2 enrichments.

Month CO2 Supplied (kg/plant) CO2 Recovered (% of supplied)
Greenhouse No.: 1 3 4 1 3 4
Ventilation: Vv U u \Y U . u

CO2 (ue/2): 1000 1000 1350 1000 1000 1350
Aug 0.85  0.64 0.85 0 2 1
Sep .12 . 1.28 - % 4 3 - *
Oct 1.39 1.92 2.46 29 19 : 17

Nov 1.34 1.50  1.71 45 23 19

Dec - 1.71 1.60 - 46 49
Total 4,45 7.05  6.62 * Average 21 22 24%

* Gas meter malfuncitional and had to be replaced during September.

1418
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Tahle 6... Greerhanse air infiltration rates and wall air veloeities (3_August 1978)..

Conditions Wall air velocity
Lemperature wind cooling Infiltration Wall
Greenhouse inside outside speed system Rate Volume area Measured Calculated Y
No. (c) (c) (m/s) fan ° (air changes/hr) (m3) (m3) (1113111“2 hr‘l) (mBmfz hryl)
1 24.8 25.0 1.42 of £ 1.02 90.3 101.0 0.91 0.69
2 24,8 25.0 1.53 off 3.65 82.5 66.8 4,51 0.74
25.1 25.0 1.26 off 2.19 82.5 66.8 2.71 0.60
3 25.7 25.0 1.42 off 0.64 90.3 101.9 0.57 0.74
28.6 28.1 1.04 on 1.31 90.3 101.9 1.16 0.56
29.3 29.2 1.30 on 1.74 90.3 101.9 1.54 0.62
4 25.9 25.0 1.42 off 0.48 90.3 101.9 0.43 0.76
28.1 28.1 1.26 on 1.45 90.3 101.9 1.28 0.55

When the cooling system fan was

y vw(m3m"zc“l) = 0.44 % U (m/s) +

off, small circulation fans were on in the greenhouses,

0.14 * iATl/z (°Cﬂ from Okada and Takakura (1973).
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tomatoes for ventilated (V) and unventilated (U) greenhouses at various (U, concentratcions
and standard (S) and high (H) nutrient levels. The tomatoes were sampled On 13 November
1978, The ''greenhouse' and 'field" tomatoes came from a Phoenix market. Analyses were
performed courtesy of the Western Regional Research Center, Berkeley, California.

Sample No.

Vitamin A (USP units/100 g)

Ventilation: v AY U U v v U U
C02 (ud/2): | amb. 1000 1000 1350 amb, 1000 1000 1350
Nutr. Conc.: 5 S 3 8 H H H H field greenhouse
1 633 550 650 700 550 300 733 667 367 767
2 533 650 883 750 500 900 817 883 667 733
3 617 567 650 - 583 867 767 550 - 633
4 617 617 - 8§33 633 - 833 750 550 533
5 417 667 833 733 633 483 800 933 500 600
Mean: 563 610 754 754 580 788 790 757 521 653
c be ab ab c a a a c abc

Least Significant Difference (.05) = 145

Source of Variance

Concentration of nutrient

Greenhouse (Ventilation~C02)

Cx G
Error

. % GSignificant at 0.05

df ss MS F
1 29 587 29 587 2.53
3 233 042 77 681 6.65 %
3 43 837 14 612 1.24
29 33% 007 11 690
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tomatoes for ventilated (V) and unventilated (U) greenhouses at various CO, concentrations
and standard (8) and high (H) nutrient levels. The tomatoes were sampled on 13 November
1978. The "greenhouse' and "field" tomatoes came from a Phoenix market and were frozen
with the other tomatoes. The "fresh” tomatoes came from a Berkeley market and were never
frozen. Analyses were performed courtesy of the Western Regional Research Center, Berkeley,

California.
Sample No. Vitamin C (mg/100 g)
Ventilation: v v U U v v U U
C02 (u/e): amb. 1000 1000 1350 amb . 1000 1000 1350
Nutr. Conc.: S S S 3 H H H H field greenhouse fresh
1 13.4 12.2 16.7 16.4 15.3 14.3 14.0 12.1 8.8 18.6 18.5
2 10.1 17.6 14.2 15.6 15.3 14.8 12.4 16.0 1i.9 - 13.1 17.3
3 14.7 12.8 15.9 15.5 11.8 13.6 13.9 14.4 11.2 12.9 17.7
4 14.4 12.1 15.7 14.7 13.9 21.6 13.3 15.1 9.0 9.6 17.1
5 11.9 18.4 15.1 14.2 12.3 14.5 11.3 14.0 12.1 11.8 19.1
Mean: 12.9 14.6 15.5 15.3 13.7 15;8 13.0 14.3 10.8 13.2 17.9
de bed abce bed bed ab cde bed e bede a
Least Significant Difference (.05) = 2.6
Source of Variance ‘ 4af 3S MS _F
Concentration of Nutrient 1 1.482 1.482 0.37
Greenhouse (Ventilation - COZ) 3 19.941 6.647 ‘ 1.67
" Cx G 3 21,881 7.294 1.83
Error : 32 127.420  3.982
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Table 9. Monthly time of operation of heating, cooling, and emergency ventilation systems, 1978.

Greenhouse No. and Ventilation Type

1 ' 2 3 4
Ventilated Ventilated Unventilated. Unventilated
Month heat cool wvent heat cool vent heat cool went heat cool went
(=== —— o e e o o hours - - - ———)
May 2 46 - 13 110 0 12 24 0 30 94 0
1 - 12 June 0 24 - 0 90 0 o 17 0 4 55 0

Fall crop (4 August 1978 -~ 2 January 1979)

August 0 408 - 0 363 10 0 391 216 0 355 244
September 1 280 - 3 283 0 342 110 1 315 161
October 2 83 - 11 120 0 10 236 3 4 227 4
November 27 33 - 152 7 0 153 63 - 1 118 56
December 344 25 - 337 1 0 373 15 0 300 11 0
Total for )
crop 374 829 - 503 774 10 538 1047 330 423 964 409
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Table 10.

Month

Power (kw):

Ma

1
4

y
-~ 12 June

August

September

October

November

December

%

Total for
crop

MJ/plant =

Energy consumption, 1978.

Greenhouse No. and Ventilation Type

1 2 3 ‘ 4
Ventilated Ventilated Unventilated Unventilated
heating cooling heating cooling heating cooling heating cooling
(e - - e s e MI/PLANE F e o et e )
6.85 1.47 6.85 1.29 6,85 3.39 6.85 3.65
5 10 6 6 15 25
3 0 8 0 4 2 14

Fall crop {4 August 1978 - 2 January 1979)

0 43 0 34 0 95 0 93
0 30 1 26 1 83 0 83
1 9 11 5 58 2 60
13 3 75 1 75 15 58 15
170 _3 166 Y 184 4 148 3
185 88 248 72 265 256 209 253

(hours) x (kw) x (3600 sec/hr) x (1000 J/8 ® (10“6 %ﬁ)/(50 ﬁlants)
, W » -

¥
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Table 11. Water consumed by the cooling systems, supplied to the plants by the irrigation
system, and evapotranspired from soil and plants, 1978.

Cooling Avg. Evapotranspiration
Water Trri- . Greenhouse No. — Ventilation
Greenhouse No. gation 1-v 2-V 3-U 4-1
Month 1&2 3 4 : Water s H S ®& s _H®H _s _H
(- - —— o D/ PLANE) o i e )
May 176 553 821 58 42 7 45 &0 35 41 56 42
1-12 June 125 616 198 31 22 22 24 18 18 20 39 19

Fall crop (4 August 1978 - 2 January 1979)

August 797 880 956 83 31 29 41 34 22 20 14 8
September 395 676 1005 99 67 60 82 66 9 49 60 46
October 169 1192 535 46 48 39 64 56 53 33 38 24
November 16 90 97 58 9 5 31 18 17 17 13 1
December 0 20 29 83 - - 30 42 11 37 33 34
Total for o
crop 1377 2858 2622 369 ~ = 248 216 112 156 158 113
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FALL

1978

MARKE TABLE N-65 TOMATO YIELDS (Kg/plant)

CO,  NUTR. O 5 15
VENT ~ {(ul/1) COHNC. LI N, L
: 7///':/;57/- 777
Y Amb. s . /// ’§///I////
// A /] OCTOBER
v 1000 S ://% B}
%l///}j/:/’, // //: /// /// NOVEMBER
U 100 77 /7
000 S o ;,/ 4, 70771 DECEMBER
/// "
U 1350 s AN
7 . //
/ A
\Y Amb. H /,_/’,!/// // //}
. ’/'i
. " //%
Y 1000 H /////'i
(P2t V4
N
U 1000 H gf/ ‘f///,;;/// '
v
7
U 1350 H A
Figure 1, Mean yieldé of marketable N-65 tomatoes from ventilated (V) and unventilated (U) greenhouses

i at various COp enrichments and at standard (S) and high (H) nutrient concentrations. The
ashed lines are the cumulative yields on 17 November 1978 when house 1 was terminated because
of grey mold. The November plus December yields were not significantly different at 5%. '
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FALL 1978 N-65 TOMATOES

CULLS (%)

SIZE (Kg/fruit)

DRY MATTER {(Kg/plant)

CO» NUTR.O 20 40 0O 0z O 2
VENT {ul/l) conc @ .~ ° ' ° Y ¢

\Y% Amb. S L

V 1000 S

u 1000 S i

U 1350 S

V Amb. H

V 1000 H

U 1000 H

U 1350 H

Figure 2, Percent of unmarketable culls (kg culls x 100/kg total fruit), average marketable fruit

size and total above ground dry matter production from ventilated (V) and unventilated (U)
greenhouses at various CO, enrichments and at standard (S) and high (H) nutrient concen-
tration. The dashed lines show the amount of dry matter produced from the marketable
fruita ' ‘ !
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VITAMIN C VITAMIN A

<
a3 =
Zlo |5 (ma/100q) (UPS units/100q)
4|2 18 — o o o
O |~ |2 O
z |= (O
i E%“ o
< Amb.
x o o
w o ?;
< 1000
X 2 3
e
" S =3
c 1000
T =4 =
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c 1350 |
T oy o
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GREENHOUSE o &
FIELD © o
FRESH e
HANDBOOK

Figure 3. Vitamin A and C content of N-65 tomatoes sampled 13 November
1978 for ventilated (V) and unventilated (U) greenhouses at
various CO9 concentrations and standard (S) and high ()
nutrient levelis. The "greenhouse"™ and "field" tomatces came
from a Phoenix market and were frozen with the other tomatoes.
The "fresh” tomatoces came from a Berkeley market and were
never frozen. The "handbook' values are from Watt and
Merrill (1963). Analyses were performed courtesy of the
Western Regional Research Center, Berkeley, California.
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Figure 4. Soil temperatures at midnight and average daily air temperatures for bare Avondale

loam in Phoenix, Arizoma, . for 1978,
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Figure 5. Soil temperatures at midnight and average daily air temperatures for bare Avondale
loam in Phoenix, Arizona, for 1978, : o
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TITLE: WASTEWATER RENOVATION BY SPREADING TREATED SEWAGE

E@R GROUNDWATER RECHARGE 4
NRP: 20790 CRIS WORK UNIT: 5510-20790-001
. CODE NO.: Ariz.-WCL 67-4
INTRODUCTION: '

The research at the Flushing Meadows Project abruptly came to a
halt on 3 March 1978 because severe rain on the watershed of the Salt
and Verde Rivers forced the release of water from the reservoirs at a
rate that peaked at about 145,000 cfs. This flooded the Flushing
Meadows Project, knocking down the fence, filling the basins with sedi-
ment, and cutting a new effluent cﬁannel through the access road whiie
covering the concrete bridge over the old channel with sand. The
project got flooded again in December 1978, when a large flow was also

| released from Lake Pleasant on the Agua Fria River. The future of the.-
Flushing Meadows Project is uncertain at this time.

The 23rd Avenue Project was not operated at all in 1978 because of
a delay in the construction of the by-pass channel in the 80-acre pond.

The primary~effluent recharge project at the Mesa Sewage treat—
ment plant was operated during the entire year of 1978.

Dr. J. C. Lance returned from his temporary assignment with the
National Program Staff in Beltsville in July 1978.

I. TFLUSHING MEADOWS PROJECT

l.i‘ Basin Management and Infiltration Rates.

Since the NH4~N content of the removated water in 1977 was still
on a downward trend following a change in 1974 to a 9~day-flooding
12~day~drying mode at 6~inch water depth, this schedule was continued
in 1978. The condition of the basins was about the same as in 1977,
i.e. bare soil and a 3/8-inch sludge layer (dry) for basin l; gravel
layer with 3/8~inch sludge layer for basin 2, old vegetation remmants
(bermudagrass, sudangrass) and 3/8-inch sludge layer in basims 3, 4,
5, and 6.

Infiltration rates for the three periods are shown in Figure 1.
Records were available only for the first two flooding periods. The

graphs for the third period were still on the water—stage recorders
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when the March flood hit. Thus, infiltration rates for the thifd
‘flooding period have been egtrapolated from those for the first two.
The total infiltration for the thfee periods was 41 ft (average for
the six basins). Adding this to the previous cumulative infiltration ‘
of 2473 ft yields a total accumulated infiltration of 2514 ft for the |
life of the project from September 1967 to March 1978.
2. Nitrogen.

‘The total-N comncentration of the secondary effluent averaged'

33.2 mg/l, of which 31.2 was NH,-N, 0.16 NO_~N, and 1.9 organic N.

With the exception of one high ialue, theregwas not too much scatter

in the total-N content of the effluent (Figure 2). Most well samples
showed the typical NO3“N peaks in the renovated water due to the arrivai
of effluent water that infiltrated in the beginning of a flooding period
and leached nitrate formed‘during drying in the upper soil layérs
(Figures Z/and 3. The NH4~N concentrations in the renovated water
generally were below 1 mg/l, except for ECW where it climbed to about

4 mg/l (Figures 2 and 3). Average N—concentrations in mg/l for the

renovated water were

NO,~-N NO_,-N NH,-N Organic-N  Total N

2 3 4
Well 1 0.29 10.5 0.3 0.6 11.7
Well 1~2 0.04 5.1 0.6 0.2 5.9
ECW 0.14 4,1 2.3 1.1 7.6
Well 5-6 0.04 8.3 0.24 0.55 9.1
~Well 7 1.28 7.1 0.01 0.33 8.7

The N-removal appears to be about the same as in 1977, when it

averaged 63 percent for the wells 1-2, ECW, and 5-6 between the basins.
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Ve Phosghate.

Average PO4~P concentrations and removal percentages were

PO4~P Removal
mg/1 A
Effluent 8.12
Well 1 0.8 ' 90
Well 1-2 3.1 62
ECW 1.7 79
Well 5-6 ' 2.47 : 70

Well 7 0.19 98

Graphs of P04P concentrations in effluent and for renovated water

‘rom various wells are shown in Figure 4. The relatively high P04~P .
concentrations in the renovated water from shallow wells 1~-2 and 5-6

is compared to the lower concentrations in the deeper ECW and outlying
wells 1 and 7 indicate that PO4~remova1 continued with additional
:ravel of the renovated water in the aquifer.

-+ Organic Carbon.

TOC concentrations were determined with the Technicon Auto—
malyzing equipment, which was acquired to replace the aging Beckman

915. The following resulis were obtained

TOC (range) TOC. (average)

ng/1 mg/1l
Effluent 8.2-12.3 10.5
Well 1 1.5-4.1 2.1
Well 1-2 2.5-5.9 3.8
ECW 2.4-5.7 ' 3.7
Well 5-6 1.6~5.1 2.8
Well 7 1.4-4.3 2.1

These values were about 50 percent lower than those obtained with the
ieckman 915 in 1977. TOC contents were higher in renovated water from
the shallow wells between the basins than in that from the deeper well

Annual Report of the U.S. Water Conservation Laboratory
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between the basins and the outlying wells, indicating continued removal -
of organic carbon with additional movement of renovated water through |
the aquifer. Since adsorption probably is no longer a factor after

10 years of operation and a total infiltration of 2514 ft, the removal

of organic carbon must be by biological degradation and perhaps
volatilization. Progress toward‘identifying the trace organics has

been made with the Western Regional Research Center.

5. Other Chemical Parameters.

Analyses of TDS, boron, fluoride, and fecal coliform concentra-
tions were not made in 1978, since these parameters were frequently

determined in 1977.

6. Summayy and Conclusions.

Since the Flushing Meadows Project was flooded out in early March
due to river flows that were on the order of the 50-year recurrence
interval, data cculd only be obtained for Januaxry and February. The
flooding sequence in those months was continued at 9 days flooding
‘and 12 days drying, yielding three flooding periods. Accumulated
infiltration for these flooding periods was 41 ft (average for the
six basins). This brought the total infiltration since the start
of the project in September 1967 to 2514 ft. Average nitrogen
content of the sewage effluent was 33.2 mg/l (31.2 as NH4~N) and of
the renovated water sampled from the three Wells between the basins
7.5 mg/l (5.8 as N03~N and 1.0 as NH4~N). Nitrogen removal thmé was
on par with that of 1977, when it averaged 63 percent for the three
wells between the basins. Average POA—P concentrationsbwere 8.12 mg/l
for the effluent, 2.4 mg/l for the wells between the basins, and 0.5
mg/l for the outlying wells. This indicates continued removal of
PO4 as the renovated water moves in the aquifer, producing more than
90 percent removal 100 ft away from the basins. A similar pattern
.was observed for the organic carbon. TOC values averaged 3.4 mg/l
for renovated water from the wells between the baéins, and 2.1 mg/1
for that from the outlying wells. The TOC-content of the effluent

averaged 10.5 mg/l. The renovation efficiency of the Flushing Meadows
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Project thus continued unabated, even after more than 10 years of
recharge and a total infiltration of 2514 ft.
 II. 23rd AVENUE PROJECT

The purpose of the by-pass channel in the 80-acre pond is to
allow secondary effluent from-the 23rd Avenue Treatment Plant to
directly enter the infiltration basins. Previously, the effluent
was passed first through the 80-acre pond. This was undesirable,
because heavy algae growth in the summer greatly increased the sus-
pended solids content of the effluent, which in turn produced low
infiltration rates in the infiltration basins because of soil clog~
~ging. When the by-pass comstruction was advertised in March 1978,
there were no bidders because of a heavy demand for earth work in
the valley. The project was then combined with some other eafth
moving jobs at the sewage treatment plant and advertised again in

November 1978. This time, there were several bidders, the contract
| was awarded in January 1979, and construction was to start about 22
January 1979. The 23rd Avenue rapid-infiltration system thus éan be
expected to be operational again by about April 1979.

The March flow in the Salt River caused a temporary rise in the
water table in the vicinity of the riverbed, due to seepage and ground-
water recharge. Since it is possible tb calculate hydraulic properties
of the aquifer from the rise and fall of the groundwater mound in
response to a recharge event, water levels were measured in the north
observation well of the 23rd Avenue Project. The resulting hydrograph
(Figure 5) may be used in calculating hydraulic propertigs of the
aquifer for future analyses of the underground flow system below the

23rd Avenue recharge basins.
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ITI. MESA PRIMARY EFFLUENT PROJECT
Field studies using primary effluenf were continued at the Mesa
Sewage Treatment Plant (see 1977 Annual Report). The main objective
was to determine the optimum operating conditions for maximizing the
hydraulic loading. |

1. Infiltration Rates.

The infiltration schedule from Januaxry to mid-April was 1 week
flood and 2 weeks dry. During the remainder of the year a 1 week
flood and 1 week dry schedule was followed with a 2Z-week dry-up evary
three to four cycles. The infiltration rates are shown in Figures
6 to 9 for the four basins., The infiltratiom capacity did not re-~
cover adequately with a 2 week dry-up in the winter months. Starting .
in March the surface was scarified by raking, resulting in a substan-
tial increase in infiltration. Prior to raking, the weekly infiltrations
were 1.0, 1.3, 1.9, and 1.8 ft/week for basins 1, 2, 3, and 4, respec—
cively. After raking, the infiltration for thé respective basins was
increased to 6.6, 4.0, 3.9, and 3.7 ft/week. The infiltration for
2ach weekly flooding periocd is shown in Figures 10 to 13, along with
the raking schedule. After the raking started, the infiltration rate
in basin 1 was considerably higher than the other three basins¢'
Zarticle size analysis for basing 1 and 2 (see Table 1) shows that
hasin 1 contains about 20 percent more sand than basin 2 in the top
20 cm and, conééquently, results in a higher infiltration rate. The
infiltration rate in basin 1 was more susceptible to raking than the
cther basins, probably due to the higher sand content. During June
when basin 1 was mnot rzked, the iunfiltration rate decreased for -
2ach succeeding périod. The absence of raking during two successive
periods in basin 2 did not affect the infiltration rate during the
s;ame time period. During November infiltration rates were lower and
raking did not increase the value to the summer levels. The 1 week
Arying time was not adequate to rejuvenate the infiltration rate.

A 2-inch layer 6f mortar sand was placed in basin 4 in July.
Because the coarser sand would have a lower water—holding capacity,

che surface would dry out faster and break the capillary water
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supply to the surface. Rapid drying of the surface was observed. The
surface was visibly drier after 1 day of drainage during thé summer -
~and 3 days drainage during the winter. The sludge layer had shrunk
away from the sand leaving a relatively open surface. There appears .
to be little or no benefit to the hydraulic loading, however. During .
the colder winter months when maximum benefit from rapid drying would.
be expected, the same trend of decrease in infiltration was noted in
basin 4 as in the other basins. While the surface does dry out
faster, the profile remains wetter for a longer time. This is showm
in Figure 14 where the pressure head at the 13 and 41 cm depth is
shown. Before July the minimum pressure head after 7 days drying
was about -109 cm and «67,cm for the 13 and 41 cm depths, respectively.
After the sand was added, the min%mum pressure head increased to
-89 cm and -53 cm for the same depths. The soil, therefore,’femains
at a higher water content for a longer period of time. While the
surface does dry out faster, evaporation from the profile is pre-
 vented and the sand layer acts as a mulch. \ ‘

Basins 3 and 4 received effluent that had first passed through

a sedimentation pond. In August the supply to basin 4 was fed
directly into the basin, by-passing the sedimentation pond. THere
is no apparent benefit due to the sedimentation basin. The average
suspended solids content of the primary effluent before and after
the sedimentation basins was 56 and 68 mg/liter, respectively. The
solids in the effluent are very fine and stay in suspension for long
periods of time. The detention time in the sedimentation pond was
long enough to permit some algal growth, resulting in an increase in’
suspended solids. By-passing the sedimentation pond had ne noticeable
effect on the infiltration of basin 4.

' The suspended solids content of the primary effluent did show a
‘gradual decrease from 75 mg/liter in January to about 40 mg/liter in
September, and then an increasing trend toward the end of the year
(Figure 15). Using an inundation schedule of 1 week flood and 2
weeks dry during December, January, and February, and then a 1 week

flood, 1 week dry schedule for the remainder of the year, 110 to
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170 ft/year of primary effluent could be infiltrated. Scarifying the
surface would be necessary for each inundation period during the
colder winter months and every two to three inundations during the
summer.

2. Quality of Infiltration Water.

Qualitative analysis of the infiltrating water was done on
samples taken from porous ceramic cups placed in the scil. A vacuum
was applied to the ceramlc cups and samples were obtained in that
nanner. From January to May, 10 to 100 ml samples were obtained
during a l-hour time interval each day when the basins were flooded.
No samples were tzken during the dry period. From May to December
the vacuum was applied to the ceramic for 5 to 10 minutes each hour
using a timing system. The sample was collected in a water trap
<hat was stored in an insulated, ice-cooled box. In this mannef a
composite 24~hour sample was obtained. ‘

Average concentration of ammonia-N, organic-N, phosphate-P, and
total organic carbon are summarized in Table 2 for primary effluent
and samples taken from the ceramic cups. Total N of the effluent
averaged 28.3 mg/liter with 4 mg/liter being organic-N. Average
ammonia concentrations at the 10-~cm depths were 15, 18, 2, and 1
gg[liter for basins 1, 2, 3, énd 4, respectively. The organiC“N
was between 1 and 3 for the four basins. Ammonium levels were
aigher at both depths in basins 1 and 2 than in basins 3 and 4. The
presence of the sand Layer in basin 4 did not affect the quality
of the soil-water. Nitrate-nitrogen concentrations for the four
basins are shown in Figures 16, 17, 18, and 19. A nitrate peak was
noted during the fiyst or second day of inundation at both depths.
Very high concentrations of nitrate-N (300 to 900 mg/liter) were
neasured on several occasions wheﬁ the first water infiltrating was
sampled. The very high concentrations occurred during the January
to May time period when sampling was done just after the basins had
been flooded. Commencing with the 24-hour composite sampling, the

concentrations during the first day were considerably lower. On a
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.ew occasions a 200 mg/liter NO3~N concentration was obtained, but
the peak for the most part was below 100 mg/liter.

Because the ammonium levels were higher in basins 1 and 2 than
in basins 3 and 4, an additional set of ceramics was installed in
asin 2 at depths of 10 and 56 cm. The average concentration of
nitrate, ammoniuwn, and phosphate during four flood periods are shown
n Table 3 for the old and new ceramics. The ammonium and nitrate
levels from the new ceramic samplers were about half of the concen~
:ration of the old ones, except for the 10 cm ammonium levels where
che values were about the same. The phosphate levels differ by about
20 percent.

The wide wvariation in concentrations from two sampling points
indicates that a large number of samplers must be used to cbtain
reliable quantitative results.

The average phosphate~P concentrations of the primary effluent
rere 5.5 mg/liter, The phosphate~P concentrations at the basians are
shown in Table 2. In basins 1 and 2 the phosphorus level increased
. mg/liter at the 10-cm depth. In basin 2, the level dropped to
V.9 mg/liter at the 56-cm depth. Basins 3 and 4 showed smaller
lecreases at the lower depths. The overall phosphorus reduction
for all four basins is 40 percent.

3. Cost Analysis.

Cost comparison beiween land treatment of primary effluent and
secondary activated sludge treatment was made using EPA guidelines
md is summarized in Table 4. Land treatment is less costly for
plant sizes from 1 to 100 mgd and uses about 20 percent less elec~
:rical energy. Most of the electrical energy required in land

treatment is for reclaiming the water by pumping.

]

t.  Summary.

Studies on land applications of primary effluent using infil-
“ration basins were continued tc determine the optimum operating
conditions for maximizing the hydraulic loading. Low infiltration
tates were observed during the colder winter months. Changing the

flooding schedule from 7 day flood - 7 day dry to 7 day flood —~
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14 day dry did not result in increased infiltration. Scarifying the
surface layer by raking did result in a 2~ to 4~fold increase in
infiltration. Scarifying the surface is necessary after each floqé;‘
ing during the winter and after two or three floodings during the
summer. The weekly infiltration after scarifying ranged between
3 and 9 ft with an average of 4.6 ft. The basin that had the high-
est infiltration rate (7.3 ft/week) also had the highest percentage
of sand in the top 20 cm {74 percent compared to 54 percent for the
other basing). By using a 1 week flood - 2 week dry schedule fof
December, January, and February, and a 1 week flood ~ 1 week dry
kschedule for the remainder of the year, a hydraulic loading rate of
110 to 170 feet/year could be expected. The estimated cost of
treating 10 million gallons/day of.primary effluent for the above
loading rates would be 6¢ to 8¢/lOOQ gal.k Conventional secondary .
treatment alone costs about 12¢/1000 gal and uses 23 percent more

electrical energy than land treatment.

PERSONNEL:* H. Bouwer, R. C. Rice, G. C. Emery

*U.S. Water Conservation Laboratory personnel for all three prbjécts.
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Table 1. Soil particle size analysis for basins 1 and 2. .

Basin Depth Sand Silc Clay
cm %
1 0-1 65 28 7
1~10 72 21 7
10~20 86 11 3
2 0-1 56 35 9
1-10 56 35 9
10-20 49 42 9

‘ lénilgal Report of the U.S. Water Conservation Laboratory



Table Z. Average concentrations of NH ~N, organic N, PO,-P, and

4 4

dissolved organic carbon in the primary effluent and

soil solution for the different basins.

' Location Depth Wi, - Organic N PO, -F Carbon
| cm mg/1

Effluent - 240 4.3 5.5 2
Basin 1 10 5.0 2.5 6.7 16
Basin 1 56 8.4 1.7 5.3 15
Basin 2 10 18.1 3.1 6.5 21
Basin 2 56 9.6 2.4 0.9 18
Basin 3 10 2.0 1.0 b.7 10 .
Basin 3 46 12 1.1 4.3 9
Basin 4 10 1.0 1.7 3.6 19
Basin 4 53 0.4 1.2 2.8 11
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7T-6T

Cost Comparison of Treating Prlmary Effluent U51ng Land Treatment

Table 4.
: and ‘Activated Sludge.
a/ Energy ; Land
Quantity Treatment~ required, required, Cost ¢/1000 gal
mgd kwh/day acre Capital ORMES Total |
1 Land - 0.5 £t/day 477 40 9.3 5.6  14.9
1 Land - 1 ft/day 477 20 8.0 4.7 12,7
1 Activated sludge 608 1 23.7 16,1 33,8
10 Land - 0.5 ft/day - 4,772 150 3.7 - 4.4 8.1
10 Land - 1 ft/day 4,772 90 2.6 3.3 5.9
10 Activated sludge 5,865 5 6.5 5.8 12.3
100 Land - 0.5 ft/day 47,727 1300 3.3 2.9 6.2
100 Land - 1 ft/day 47,727 700 1.7 2.6 4.3
100 - Activated sludge 57,065 30 4.6 2.3 6.9

a/ Average daily infiltration rates of 0.5 and 1.0 ft/day represent total
annual infiltration rates of 90- and 180 ft;
50% of the time.

b/ Operation and maintenance cost.

Tespectively,; when flooded
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TITLE: COLUMN STUDIES OF THE CHEMICAL, PHYSTICAL, AND BIOLOGICAL
PROCESSES OF WASTEWATER RENOVATLON BY PERCOLATION THROUGH

SOIL.
NRP: 20790 CRIS WORK UNIT: 5510-20790-001
CODE NO.: Ariz.-WCL 68-3
INTRODUCTION:

Poliovirus (vaccine strain) has been used in many experiments to.
study virus movement and survival in soil and water systems. We have
conducted experiments to determine if movement and survival of other
viruses can be predicted from poliovirus studies. The experiments
began with batch studies using small soil samples and a number of
different virus types and strains in adsorption studies at Baylor
College of Medicine. This has been followed up by studies on ﬁove~
ment of Echo 1 and Echo 29, two viruses which showed low adsorption -
rates in batch studies.

Studies on nitrogen removal will focus on ways to remove nitro-—
gen at high infiltrations rates. Phosphate studies have focused on
stability of phosphates adsorbed by soils.

PROCEDURE :

Virus Studies. Soil columnsg filled with loomy sand were used

in studies on wovement of nitrogen, phosphate and viruses. Anocther
column filled with coarse sand to allow high infiltration rates was
used to study the effect of flow rate on virus adsorption.

A column which had been used previously te study the adsorption -
of poliovirus and echovirus, type 29 was flooded with sewage water
containing 1.5 x 10° PFU/ml of echovirus type 1. Then the column was
flooded at two day intervals with sewage water containing different
concentrations of Echo 1. Finally the outlet device on the coarse
sand column was adjusted to different heights to give different flow
rates while the column was flooded with sewage water containing Ecﬁovl,

In field studies, the survival of poliovirus and echovirus was
gstudied at the Mesa plots which are flooded with primary effluent.

PVC cylinders (10 cm ID and 30 cm long) were filled with sand from

16-1
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the basins, seeded with virus and buried at different depths to study
survival and downward migration of viruses. Plastic tubes (2 cm ID and
10 cm long) were also filled with sand and buried at various depths;
Half of the tubes were capped and half were left open at both ends by
uncapping and sawing off the tips of the tubes. The basin was flooded
immediately after the tubes were buried. The basin was flooded for 5
days, dried for 5 days, and flooded again for 7 days. Tubes were ex—
tracted at variocus intervals during the dry pericds and soil samples
ware frozen and shipped to the Baylor College of Medicine for wirus
assays. Soil samples were also taken from the basins for elusion of
viruses adscrbed to the soil from the sewage water.

Two 1 m® basins near the Mesa recharge basins were constructed
and flooded with primary effluent. Sewage water in 1 basin was seeded
with 107 PFU poliovirus. Soil samples were taken at various intervalé
up to 30 days to compare survival of the added poliovirus and viruses
naturally occcuring in the sewage water applied teo the control basin.

Four soil columns with different infiltration rates were flooded
with sewége on a schedule of 8~9 days flocded and 5 days dyy. The
flooding pericds were interrvupted by brief drying periods (2-3 hours)
during days 6, 7, and 8 to allow some nitrification duvring the flood-
ing period. The column outflow was sawmpled daily and analyzed for
NOy~N, NO,-N, NH,-N and PO,—P. '

RESULTS AND DISCUSSION:

Virus Studies. When poliovirus type 1 and echovirus types 1

and 2% were added to secondary sewage effluent before the sewage watér
passed through 250 cm long soil colummns, the adsorption patterns fox
Echo 29 and Polio 1 were similar with 907 adsorption in the top Z cm
and no viruses detected below 150 cm (Fig. 1). Adsorption of Echo 1
was 777 for the top 2 cm but the adsorption pattern wag similar to
patterns for the other two viruses below the 40 cm depth. The desorp-
tion and movement of polic and echo virus was similar when the columns
were flooded with deionized water.

When a secil column was flooded with sewage water seeded with two

different concentrations of Echol virus (3.3 x 10% and 1.5 % 10°-PFU/ml).

16-2
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The percentage of the added virus remaining at the various depths wask
similar for both comcentrations (Table 1). These results were similar
to those obtained when a soil column was flooded with different con-—
centrations of poliovirus.

When the column packed with coarse sand was flooded at different
flow rates with sewage seeded with Echo 1 virus by changing the height
of the column cutlet, viruses did not move below 160 cm when the flow
rate was 0.6 cm/day (Table 2). At flow rates of 1.2 and 2.4 meters/day,
viruses broke through the soil column. This showed that Echo virus
movement through the coarse sand column could be prevented by keeping

the flow rate below 1.2 m/day. Again, the effect of flow rate on echo
'virus movement was quite similar to the effect of flow rate on polio-
virus movement. i

Therefore, the similarity of the adsorption patterns and éf virus
movement at different concentrations and flow rates indicates that
poliovirus is a good model to use in studying the movement of echo-~
viruses through scils. Since Echo 1 showed more variability than any
other types of strains when adsorption of 38 types and strains was
compared in batch studies with small soil samples, its similarity to
Polio 1 in batch column studies indicates that Polio 1 is a good model
to use in studying the movement of different enteroviruses through
soils.

The assay of field samples from the virus survival studies has
not been completed.

Nitrogen Studies. The infiltration rates for the soil columns

used in testing the effect of short dry periods on denitrification
are :shown in Table 3. The experiments and data andlysis have mot
been completed yet.

Phosphate Studies. Phosphate concentrations from columns f£lood-

ed with sewage water after lengthy dry periods (6~18 months) were
higher than the PO,~P concentrations in the sewage (Fig. 2). The
P0,-P concentration in the column outflow seemed to be proportional

to the length of drying time.
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Table 1. Effect of Echo 1 virus concentration on movement through

a soil column.

Depth Added Virus Concentration (PTU/ml1)
cm 3.3 x 107 1.5 x 10°

Per Cent Virus Remaining #

2 42 33

5 22 ' 28

10 15 25
20 9 12

40 12 2

80 4 0.2
160 0 0.02
240 0 0
250 0 0

% Data are averages of samples taken on 4 flooding days.

Annual Report of the U.S. Water Conservation Laboratory
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" Table 2. Effect of infiltration rate on virus movement.

Column Depth Flow rate m/day
cm 0.6 1.2 2.4

Virus Remaining PFU/ml

0 1250 1250 1125
2 250 200 260

5 300 375 520
10 450 550 410
20 360 150 390
40 270 215 . 180
80 360 195 170
160 5 90 180
240 0 15 5
250 0 10 35
250a% 0 19 0

* 100 ml samples of column outflow-

Annual Report of the U.S. Water Conservation Laboratory
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Table 3. 1Infiltration rates of soil columns used for nitrogen studies.

Date , Column Column Column Column
1978 2 3 4 8
16 Nov 74.67 116.28 64.25

17 Nov 105.2 110.13 28.11 85.93
18 Nov 116.07 102.02 113.31 72.79
20 Nov 108.53 86.38 95,76 67.44
21 Nov 54.76 23.35 68.3 67.48
22 Nov 53.65 28.86 69.95 47.22
24 Nov 56.39 31.19 74.61 59.19
28 Nov 35.98 6.51 50.85 133.76
29 Nov 46.13 24.93 52.28 35.97
30 Nov 42.61 26.68 48.77 33.91
1 Dec 4443 29.3 '50.0 35.48
4 Dec 50.0 8.13 60.69 4.55
5 Dec 47.5 23.54 50.53 31.09
6 Dec 43.67 22.57 44 .37 29.25
7 Dec 4.6 23.5 43.65 22.89
12 Dec 39.88 3.15 51.23 32.26
13 Dec 45.35 20.83 49.59 - 33.27
14 Dec 42.88 23.05 52.68 29,18
15 Dec 41.74 23.03 48.26 31.03
19 Dec 38.65 3.51 58.19 33.65
20 Dec 48.30 20.19 60.53 34.67
21 Dec 45.36 23.08 58.76 32.79
22 Dec 44 40 38.16 46.89 31.3
27 Dec 34.63 1.47 45.24 29.0
.28 Dec 40.85 16.84 51.33 34.68
29 Dec | 47.14 26.25 46.16 32.62

Annual Report of the U.S. Water Conservation Laboratory
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,Figure 1. Viruses adsorption patterns in soil columns flooded
with sewage water seeded with different viruses.
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TITLE: CHARACTERIZATION OF THE S0LL MICROFLORA AND BIOLOGILCAL
PROCESSES OCCURRING IN S501IL USED FOR WASTEWATER RENOVATION
NRP: 20790 CRIS WORK UNIT: 5510-20790--001
CODE NG.: Ariz.-WCL 70-2
INTRODUGTION: |

During 1978, field investigations at the Flushing Meadows Project
on the growth and activity of denitrifying bacteris in soil basins
intermittently flooded with secondary sewage effluent (5SE) were
terminated, because flood waters in the Salt River destroyved the
project in March 1578. However, prior to this event, considerable
important information on microbial aspects of wastewater renovation
was obtained, especially for nitrogen transformation and nitrogen.
removal mechanisms in soil basins intermittently flcoded with S5E.
This report contains procedures and summary data from several ex—
periments that determined the éenitfifying‘potential during flooding
and drying cycles in the soil systen, as imnfluenced by numbers of
denitrifying bacter135 total organic carvbon and depth in the soil
profile. Other data from previous experiments will discuss the
effect of algae on nitrification-denitrification processed during
flooding cycles.

PROCEDURES :

Basin #1 at the Flushing Meadows Project was selected as the
field site, because it has always been a bare soil basin that was
flooded with SSE. Seoil samples were collected and analyzed for water
content, bacterial numbers, inorganic nitrogen and denitrification
potential (Annual Report, 1977). Total organic carbon in soil
profile samples from Basin #1 and the natural riverbed soil adjacent
tc the project were analyzed by wet combustion and gravimetric
methods.

The effect of algae on nitrification and denitrification proc-
esses occurring during f£looding periods was determined by measuring
redox potentials, dissolved oxygen, temperatures and solar radiation

with methods described by Gilbert and Rice (Publication, No. 4).
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RESULTS AND DISCUSSION:

Denitrification Potentials. Biological denitrification is

effected solely by bacteria and involves the reduction of nitrate or
nitrite to gaseous forms of nitrogen, which are usually nitrous oxide
and molecular nitrogen. With the proper envirommental conditions,
denitrification occurs rapidly in soil, because it is a respiratory
process that utilizes nitrate as the terminal election acceptor in
lieu of oxygen. Thus, denitrifying bacteria are essentially obligate
aerobes, except for the ability to grow with nitrate in the absence
of oxygen. They differ from the facultative anaerobic bacteria,

vhich may reduce nitrate to nitrite only but no further, because they

are unable to grow fermentatively by using organic compounds as elec—

tron acceptors. Achromobacter and Pseudomonas are the most common .
genera of denitrifyving bacteria found in soil. Denitrificatioﬁ rates
are increased by temperature, pH, nitrate concentration, organic
carbon concentration and decreased by aeration. Consequeuntly, deni-
trification guantitatively and qualitatively in soil basins inter-
mittently flooded with S8SE is strongly affected by wetting and dryving
cycles,

The influence of fleoding and dryving cycles on numbérs ofidew
nitrifying bacteria, total organic carbon, and potential denitrifica-
tion rates in the soil profile of a rvecharge basin flooded with SSE
for 9 days and dried for 12 days are summarized in Tables 1 and 2.
Denitrification potentials, as influenced by number of denitrifiers
and total organic carbon, were greatest in surface {(0-5 cm) of the
soil basin and decrease with soil depth {Table 1} and were alsc
- greatest at the end of flooding and decreased during dryving (Table
2). These results have defined the zones of denitrifying activity
in the soil profile and the precise times when the denitrifying
potentials are the greatest during the flooding and drying cycles.
Therefore, managemént practices can be more effectively introduced
at the pricise time and location that these bioclogical activities
can be controlled for enhancement of denitrification and nitrogen

removal.
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Denitrification and Total Orxganic Carbon. Analysis of total

organic carbon in soil profile samples {0.90 cm) shawéd that the
limited amount of organic carbon available for denitrification in SSE
was deposited and accumulated in the surface soil (0.5 cm) during
flooding and was mostly decomposed during drying (Tables 1, 2, 3).
Also, refractory organics were noit redeposited and concentrated at
lower depths in the soil basin as compared with natural river bed
soil profiles adjacent to the project (Table 3).

Nitrification-Denitrification and Algal Growth. Algal growth

and oxygen evolution at the soil-water interface of soil recharge
basins intermittently flooded with secondary sewage effluent (SSE)
produced diurnal fluxes in’dissalved oxygen (DO} in the S5E and redox
potentials (Eh) in thé S8E and the surface soil of the basin.  The
maximum daily DO-Z saturation in the SSE during flooding ranged from
30 to 450% depending on the length of flooding and seasonal effects

of temperature and solar radiation (Publication No. 3, Figure 1). Di-
urnal cycles of Eh in the SSE and the top 0 to 2 cm of soil indicated
that oxygen production by algae and bacterial nitrifying and denitri-
fying reactions at the soll-water interface are cccurring daily for
limited periods during flooding (Publication No. 3, Figure 2} and that
these reactions might contribute to the net-N removal and renovation of
SSE by soil filtration. This nitrification-denitrification mechanism
of nitrogen rvemoval during flooding needs further study and confirma-
tion.

SUMMARY AND CONCLUSIONS:

Field studies on denitrification and nitrogen transformations in
soil basins intermittently flooded with secondary séwage effluent were
terminated, because the research site (Flushing Meadows Project) was
destroyed by flood waters in the Salt River in March 1978. However,
the research that was completed prior té this time provided basic in-
formaticn about the growth and activity of nitrifying and denitrifying
bacteria in the soil system used for renovation of secondary sewage
effluent.

Nitrification-denitrification processes and nitrogen removal -
mechanisms in soil basins intermittently flooded with secondary

17-3
Annual Report of the U.S. Water Conservation Laboratory



sewage effluent were determined to occur simultaneously at the start
of each drying period within the same surface region or adjacent .
surface zones of the soil profile (0-5 cm). The potential for deni-
trification and numbers of nitrifying and denitrifying bacteria were
greatest al the end of each f£flooding period and decreased during
drying pericds. During flooding, nitrification-denitrification
processes were influenced by diurnal oxygen production from algae
growing extensively on the soil surface. Analysis of total organic
carbon in the soil profile indicated that one of the major factors
limiting denitrification in the wastewater renovation system was
organic carbon. -These results have indicated that effective manage-
ment of wastewater through nutrient additions, perhaps in the form of
primary sewage effluent, at precisely when denitrification potentials
are greatest would maximize nitrogen vemoval and reduce the nitrate
pollution hazard of groundwater below high-rate land treatment systems.

PUBLICATIONS:

1. Smith, J. H., R. G. Gilbert and J. B. Miller. Redox potentials
in a cropped poétato processing wastewater disposal field with a
deep water table. J. Eoviron. Qual. 7:571-574. 1978.

2. Gilbert, R. G., J. C. Lance, and J. B. Miller. Denitrifying
bacteria populations and nitrogen removal in soil columns inter-
mittently flooded with secondary sewage efflivent. J. Environ.
Qual. (In press).

3. Gilbert. R. G. Denitrification in soll recharge basins inter—
mittently flooded with secondary sewage effluent. 70th Annual
Meeting, Amer. Soc. Agron. and Soil Sci. Soc. Amer., Chicago,
I11. 3-8 December 1978, Agron. Abstr. p. 139.

4., Gilbert, R. G. and R. C. Rice. Effect of algal growth and
dissolved oxygen on redox potentials in soil flooded with second-
ary sewage effluent. Hydrology and Water Resources in Arizona
and the Southwest 8:132-136. 1978.

5. Rice, R. C. and R. G. Gilbert. Land treatment of primary.sewage
effluent: Water and energy conservation. Hydrology of Water

Resources in Arizona and the Southwest 8:33~36., 1978.

PERSONNEL: R. G. Gilbert and J. B. Miller
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‘Table 1. Numbers of denitrifying bacteria, total organic carbon, and potential denitrification rates
in the soil profiles of a recharge basin flooded with secondafcy sewage effluent for 9 days

and dried for 12 days.

Denitrifiers/g Total Organic Carbon NO.-N: ©Loss/day
Soil Depth. ' 3
End Flood . End Dry End Flood End Dry End Flood End Dry

(em) (x 10%) (x 10%) (%) (%) (ug N/g) (ng N/g)

0~5 13.00 1.10 2.87 1.38 89 36

5-~10 7.90 2.80 0.48 0.76 - -
10-15 0.64 0.85 0.47 0.72 ‘ 25 25
15~20 0.28 0.49 0.30 0.41 - -
20-25 0.80 0.49 0.22 0.26 - -
25-30 0.80 0.11 0.19 - 0.15 12 8
30. 60 0.36 0.08 0.13 ~0.15  Trace Trace

60.90 o 0.51 0,07 0.13 0.08 Trace ~ Trace
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Table 2.

Numbers of denitrifying bacteria, total organic carbon, and
potential denitrification rates in the surface soil (0~5 cm)
of a recharge basin flooded for 9 days with secondary

sewage effluent and dried 12 days.

Condition of , Total Organic NOB—N:
Soil Basin Denitrifiers/g Carbon Loss/day
6 .
(Days: Flood/Dry) (x 107) (%) (ug N/g)
12 dry 1.8 1.26 .43
5 flood 8.2 1.46 71
9 flood 23.6 1.73 © 100
5 dry 2.1 1.55 51
12 dry 1.8 1.26 C . 43
17-6
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Table 3. Total organic carbon in soil profile samples from Basin
Ne. 1 at the Flushing Meadows Project compared with natural

river bed soil profiles adjacent to the project.

Total Organic Carbon}:/

Soil Depth Basin Scil Natural Soil

(em) . ) @

0-5 0 2.13 0.58

5-10 0.62 0.64
10~15 0.60 0.48
15-20 ~ 0.36 - 0.40
20-25 . 0.24 | 0.36
25-30 0.17 | 0.39
30~60 . 0.16 0.30
60-90 | 0.11 0.36

1/ Results are averages of data for two soil profile samples from

each location.
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TITLE: USE OF FLOATING MATERIALS TO REDUCE EVAPORATION FROM WATER

SURFACES
NRP: 20810 CRIS WORK UNIT: 5510-206810~002
CODE NO.: Ariz.-WCL 71-6
INTRODUCTLION:

Long~range durability and efficiency studies were continued at
Granite Reef for four covers in 1978. Included were foamed rubber,
foamed wax blocks, and two continuous wax covers on the 9-ft—diameter
stock tanks. This project was scheduled for termination at the end
of 1977; however, it was noted that the comtinuous wax covers were
starting to sink, and it was decided that data would be collected
for 1978 to see if the covers would recéver as the hot summeéer tem—
peratures heated the ténks° Visual observations of the perfofmance
of the wax cover on the lined pond also continued. ’

Field evaluation of the foamed zubber covers, the first located
on a tank in 1971 in Scuthwestern Utah, and four others on tanks in
Arizona in 1974, was continued. Information was obtained regavding
performance of some 30 fiszld operational covers located on tanks on
the Arizona Strip and near Safford, Arizona. '

A final report and paper will wnow be completed on this project.
PROCEDURE:

Evaluation of the four covers on the Granite Reef tanks was the
same as in previous years f{evaporation from a treated tank being com-
pared to that from an identical untreated tank).

Only visual observations of the field-installed foam rubber
covers were made. Evaporaﬁi@n measurements were nob recorded.
RESULTS AND DISCUSSION:

Granite Reef Studies: The 1978 data indicate that the effici-

ency of the foamed wax blocks remained the same (32%) as in the pre-
vious 8 years of exposure on the Granite Reef stock tanks. BEffi-~
ciency of the foamed rubber cover was 864, which was also essentially
the same as in the previous 4 years of exposure. The two continuous

wax covers which appeared to start failing last year had even lower
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‘efficiencies in 1978. Efficiency for the 120°-125° melting point
wax cover had averaged near 877 the first 5-1/2 vyears, but had
decreased to 75% in 1977, and averaged only 477 in 1978. The effi-
ciency of the 128° melting point wax cover also averaged near 877 for
4-1/2 vyears, but decreased to 78% in 1977, and averaged only 68% in
1978. Both of these covers were much slower to respond to the hot
summer temperatures than in the past, and both were noted to be par-
tially submerged much of the year. Whatever the reason for the
~decreased efficiency, it is apparent that both covers are failing
after 5 to 6 years exposure. ,

The wax cover on the lined pond at Granite Reef still covers
about 80% of the surface and appears to be in good condition.

Field Studies: TFive experimental foamed rubber covers contin-

ued to be observed during 1978. Functional operatiom reports of each
follow:

' Beaver Dam Tank, southwest of St. George, Utah, instailed
November 1971. The tank is still actively being used and the
cover is still in excellent conditiéna

Frasier Well Taonk, Hualapl Indian Reservation, installed
May 1974. The cover continues to funetion satisféctority
without change.
Shipley Well Tank, Hualapail Indian Reservation, installed
May 1974. The cover was reported to have a 25-ft tear. Cover
had partially floated off the itank when the tank overflowed..
It also, while partially off the tank, froze into place. The
tearing occurred when in this position. Plans are under way
to patch the tear and return the cover to the tank. '
Glover Ranch Tank, south of Safford, Arizbna (Bureau of
Land Management), installed September 1974. The cover is still
used and operation is satisfactory. The BIM District con-
structed 15 foamed rubber covers for controliing evaporation

from tanks used to store water from various water harvesting

catchments on the District. More covers will be constructed
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during 1979. Tank diameters range from 25 to 30 ft.

Hughes Ranch Tank, south of Rye, Arizona (Tonto National
Forest), installed November 1974. The cover is in excellent
condition. It flecated off the tank once during the year, but
stops were installed on the tank to prevent recurrence. The
catchment and storage tank are providing a continual water
supply for the livestock.

The Bureau of Land Management on the Arizena Strip has
installed 15 covers on tanks over the pést three years. '
Operation has generally been satisfactory. In a few instances
some shrinkage has occurred, but thé problem does not seem to
be uniform for all covers. One cover was destroyed By What'
appears to be bird pecking——Ilikely crows. Some.pecking was
noted on one of the first covers teéted in 1971 (Jackson Wash
Tank, near Cedar City, Utah), but the damage was limited. The
cover was still functional. ‘ '

SUMMARY AND CONCLUSIONS:

The evaporatlon reduction efficiency of the foamed wax blochs
remained cssentlally the same (32%) after. 8 years of exposure. The
foamed rubber cover which has been exposed for over 5 years also
maintained the same efficiency (86%). The two continuous wax covers
which appeared to be failing at the end of 1977 continued to decrease
in efficiency during 1978. The average efficiency for the year was
only 47% and 68% compared to about 85% for the first 4 to 5 years of
exposure; Even with the reduced'efficienc:}/rs both were more efficient
than the foamed wax blocks and required less material and labor to
install. They would therefore be much more economical over a 6~ to
8-year period than the fcamed wax blocks, where»thej can be uséé;

| The wax cover on the lined pond still appears to be in good-
condition, but is expected to gradually deteriorate as its’exbosure
time reaches 4 to 5 years.

The five experimental foémed rubber covers being evaluated

generally continue to operate satisfactorily. - Thirty covers have
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been constructed by the Bureau of Land Management-—-15 on the Arizona
Strip and 15 at Safford, Arizoma. Some shrinkage of the covers has
been reported but they remain functional. One cover was destroyed by N
what appeared to be pecking--likely crows. More covers are planned

by both BIM Districts during 1979. |
PERSONNEL: Keith R. Cooley, Allen R. Dedrick

18-4 '
Annual Report of the U.S. Water Conservation Laboratory‘



TITLE: CHEMICAL MODIFICATION OF SOILS FOR HARVESTING PRECIPITATION
NRP: 20810 | " CRIS WORK UNIT: 5510-20810-002

CODE NO.: USWCL 74-1
INTRODUCTION:

Reseaxrch to develop and evaluate more effective, less costly,
easily applied water harvesting treatments continued both in the
laboratory and the field. Laboratory work during 1978 was concentra-
ted on use of stabilizers, applied in conjunction with the repelleﬁts,
to reduce erosion with resultant loss of runoff efficiency. Field
studies were expanded (1) to include installation of severél promising
new treatments, (2) to use water harvesting technology for runoff
farming purposes on several promising drought-tolerant new crops, and
(3) to incorporate the operatibn of the laboratory's Granite Reef
water harvesting test site.

Part I. Laboratory Studies

A number of repellents, including paraffins, residual waxes, and
silicone were applied to soils which had been stabilized with cellulose
xanthate; the treated soils were then subjected to accelerated weather—
ing in either a freeze-~thaw or a high~humidity chamber:; and were period-
ically checked for resistance to water erosion and for water repellency
(see prewvious Annual Reports for testing procedures).

Results showed that the cellulose xanthate stabilizer markedly
improved the weatherability of wax~ and silicone~treated soils. It
also was found that antistripping agents markedly improved the ﬁeather—
ability of wax~treated soils. These additives also permitted lower
application rates of the repellents, thus reducing both cest and use
of petrochemicals. ‘

An emulsified wax was used successfully for the first time.
Emulsified waxes are appealing for runoff enhancement purposes because
they are easy to apply with relatively unsophisticated equipment.-
Previous failure with such emulsions resulted mainly from a loss of
soil structural stability. Use of a separate stabilizer eliminates

this problem.
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The six most promising repellent-plus-—additive treatmenté are
listed in Table 1. Material costs are listed and compared to those
of three standard water-harvesting treatments (butyl, asphalt—
- fiberglass, and paraffin wax). For the extreme comparison, it is
noted that the butyl is 74 times as costly as the slack wax + xanthate
treatment. Field testing of the paraffin plus antistrip was initiated
in 1978; others from Table 1 will be installed in 1979,
Part ITI. TField Studies

The results of water-harvesting treatment evaluations at the
Granite Reef test site now appear under this reporting unitgbecause of
changes in persomnnal and programs at the laboratory. Rainfall-runoff
efficiencies for all plots appear in Table 2. Treatment changes,
which are indicated in Table 2, are elaborated on in Table 3. Treat—
ment descriptions of the other plots under test may be found in the
1977 Annual Report.

A summary of the rainfall-runoff data for all wax plots at Granite
Reef appears in Table 4. The two initial paraffin-treated plots (R-2 |
and T-13) and the slack wax plet (T-6) had higher efficiencies than in
1977. Several other wax (plus wvarious additives) plots installed in
1976 were removed im 1978 due to loss of runoff efficiency or
excessive erosiocn.

PERSONNEL: Dwayne H. Fink
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Table 1. Most promising repellent water-harvesting treatments

based on 1978 laboratory evaluations with material

" costs compared to those of three standard treatments.

TREATMENT

BUTYL RUBBER
ASPHALT~%IBERGLASSA
PARAFFIN

PARAFFIN -+ XANTHATE
PARAFFIN + ANTISTRIP

MICROCRYSTALLINE + -
XANTHATE

SLACK WAX + XANTHATE
. SLACK WAX + ANTISTRIP

SILICONE -+ XANTHATE

. RATE
. 2
kg/m

1.0

0.5
0.5
0.5

0.5

0.018
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- MATERTAL
COST

‘$/m2‘

5090
100 -

Cosa

c0.17

0.21
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Table 2. Rainfall-runoff from water harvesting plots at Granite Reef in 1978.

Date Yrecip, -1 L2 L-3 L= 1~5 L-§ L-7 Rl f-2 -3 -4 Ay AR A-3 A g A8
Py - 1
9 Jdan .8 113.7 0 [y 1.1 w0 ol O H0,9 G - 438 10000 327 [y U 528
10 17.0 Ys5.4 4.4 81,60 7.6 M 75,9 8.0 406,20 89,7 37000 27060 9201 834 43.7 0 73070 B4
1415 27.7 93.1 11.0 %6.8 96.& ™ 59.8 85.6 20.3 B86.3 B.8 75,7 93.4 71.8 2L.9° 64,7 85,7
16~17 9.4 97.7 14.6 57.2 98.1 Y43.9 78.4 17.8 85.7 14.2 61.9 90.4 66.8 23.8 52.6 83.9
17 4.2 5.3 4007 2.9 1092.1 BB A 97.6 58.06 94.7 42,2 85.3 97.2 £5.1 5G.9 4.1 90.7
19-20 5.6 96.8 ¢! 22,6 95. 1 1704 54,9 0 74.2 G 57.6 83.8 REN 0 27,1 03.2
30~31 15.0 102,0 2.2 44,7 103.5 ™ 32,3 77.5 9.9  &7.1 6.2 606 93,7 6L.1 11,1 44,2  8L.5
31-1 Feb 9.4 95,1 7.4 48,9 97.3 "™ 41,7 74,5 26,5 E0.8 19,1 467.7  99.1 52,9  23.0 49.9 B9
5 Feb 2.0 93.0 0 0 85.0 " ¢ 43.7 0 51.9 o] 2004 115.3  11.1 0 5.1  38.1
8 3.8 87.4 0 32.2 98.0 ¥ 26.% 69,7 10.3 713 5.1 58,8 8%.% 39.5 1.8 50.4 (7.2
10-11 21,2 97.7 24.6 71.4 98.7 ?50.9 86.1 14.2 86.8 25,0 73.5 91.3 72.6 38.2 66.8 81.9
14~15 40.6 F 44,9 77.6 B9.7 Y 73.1 87,7 27.5 83.5 350 761 9L.7 82,6 36,2 70.2 B8B.B8
27-28 8.3 100.0 O 31,6 100.C " 18.7 70.6 O 78.4 0 50.4 91.4  52.3 G 28.1  73.9
28-1 Maxr 21.0 100, 37.1 73.9 102.7 61.3 B7.0 45.1 91.7 39.8 75.4 95.5 + 48.4 70.8 90.7
1-2 13,4 100.0 8.0 59.5 100.4 " 36.7 79.8 15.8 84.3 9.0 67.3 91.8 79.3 16.2 47,7 87.9
2 1.8 104,2 0O 0 93.0 Y 15.3 38.9 Q 50.6 0 38.7 89.5 26.2 Q 35,5  64.7
5 7.6 103.6 18.7 61.5 98.7 " 38.8 En.6 19.6 81.9 1l.2 64,5 96.1 69.8 33.3 59.3 Bl.3
10-12 22.86 96.2 35.9 62.7 97.4 " 50.9 84.2 32.2 B4.5 34.6 71.6 91.6 70.6 45.1 645 77.%
22 10.1 99.6 40.6 66.3 100.7 " 52.1 82, & 52.9 92,5 45,3 78.8 95.4 78,9 55,3 72.1 74.5
1-2 Apr 2.0 102.5 © 0 6.2 " 0 33.0 0 41,8 0 0 77.8 0 0 0 0
3 18.8 94,3 48.3 71,9 97,1 " 66.3 83.2 48.8 85.5 48,5 6Y.9 89.7 76.9 55.5 68.2 78.2
28 Jun 7.4 90.5 @ 3.7 101.6 Y B4, 7% 67.2 O 66.6 0 51.8 65.3 36.0 13,5 3L.1 57.1
9 Jul 2.0 98.2 0 0 95.0 " 87.5 45.0 0 37.1 0 0 B7.5 0 0 0 20.2
22 50.7 F F F F " F F ¥ F F F F ¥ F F F
24 5.3 112.9 0 30.9 M R 4 70,5 M 53.5 0 34,5 103.8 63,9 s} 31,1 64.2
2 Aug 18.5 101.0 61.7 + 102.2 " M 191.5 57.8 8%9.2 59.3 76.6 101.6 89.3 66.8 75.2 78.9
3 6.6 97,7 32.9 41.6 1W00.7 " M 8¢,0 40.8 82,5 35.6 106,1 105.6 71.5 38.3 67.3 70.6
15 Sep 6.0 104.0 O 4,3 145.4 " M 97.5 0 95.5 0 + 137.0  55.8 + 45,8  76.2 .
23 4.0 89.0 © 3.5 98,7 " M 87,7 28.1 66.5 24,4 45.6 77,5 65,4 38,3 37,5 50.4
21-22 Oct 10.7 89,2 0 1.0 75.2 ¥o81.2 54,7 9.5 531.8 V7.7 26,1 88.0 50.2 7.5 17.8 59.4
24 5.1 94,3 0 1.9 85.6 " 89.9 62.4 O €8.1 o 29,7 90.9  45.9 0 29.6 6D.6
11-13 Nov 43.0° F 10.8 ¥ F " F 3 8,0 ¥ 14.8  53.3 F ¥ 18.6 44,6 F
14 1.8 5.8 0 34.1 88.9 95.8 65.3 0 87.2 4] 52.6 10L.8 19.4 8} 50.9  73.7
15 1.8 84.2 ¢] 17.8 72.2 " 70.8 25.8 0 47.8 ] 15.5 72.5 30.8 9] 11.4 46,3
23-24 17,8 96.7 0 40,7 81,2 " 93,0 66.2 3.5 74,7 0 39,0  94.4  63.0 3.7 3l.6 75.2
5 Deg 4,1 92,7 ¢ 31.3 83.5 " 87.4 6.7 O 67,3 4] 31,1 87.0  47.7 0 1.8 61.6
17-~19 79.8 ¥ 11.1 13.1 ¥ Y OF ¥ 15,2 ¥ 14.9 F F T . 21,5 1 s
29~30 11,2 _55.4 0 18,3 _78.0 " 88.4 _4h.8 O 63.2 0 6.0 _93.7 56.8 0 10,4 73.6
N y 52.8

TOTALS ** 540.1 +88,1 19.5 42.6 95.8 UN &7.9 78.8 21.1 81.0 20,2 6i.9 93.3 68.7 27.2 33.2 771.2

Notation: F = overflowed storage; M = mechanfcal malfunctionj UN = untreated; + = accumulated rainfall events)
* = initiation of wew treatments, or maintenance of catchment.
*%  Percentage totals are based on weasured data only, i.¢., no estimates.
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(Continued)

Table 2. Rainfall-runoff from water harvesting plots at Granire Reef in 1978,
Date Precip.  Wel W-2 W~3 T-1 T=2 T3 T4 T-5 T~6 T-7 T-8 T-9 T-10 T=11 T~l2 T-13 T-14 T=15

ot B %
9 Jan 2.8 0 a o] ¥ ¥ + 12 + + ¥ + + ¥ 3 m ¥ + ¥ :
10 Jan 17.0  33.8 36.6 44.5 102.0 83.3 59.6 80.3 102.5 73,2 53.5 64,6 101.0 88.9 103.0 " 90.9 3.8 44,4 :
14-15 Jan 27,7 10,5 17.0 17,9 105.0 98.0 61.8 79.4 103.2 72.6  32.5 48,7 97.8 97.5 104.3 " 84,9 10.8 48.4 !
16-17 Jan 9.4 17.4 20.3 " 17.6 + ¥ + ¥ ¥ + + + + + v " v + ¥ i
17 5.2 21,1 25.3 53,1 104.4 99.3 4,0 80,9 101,5 78.7  49.3 82.4° 106.6 94,8 110.3 ¥ 101.5 30,9 48.5 :
19-20 5.6 0 o] 1.4 87.5 73.2  21.4 37.5 89,3 30.4 12.5 69.6 89.3 94.6 100.0 i 75,0 10.7. 28.56
30-31 15.0 5.9 6.3 8,9 117.3 105.3 54.7 73.3 1l4.7 60.0 23.3 110,0 113,3 111.3 113.0 ¢ 97.3 12,0 36.0
31-1 Feb S5 144 17,7 24.2 85.1 77.6 55,3 63.8 83.0 59.6 18,1 55.3 88.3 69.1 87.2 i 76,6 23,4 34,0
5 Feb 2.0 0 0 0 ¥ + ¥ + ¥ ¥ + ¥ + + ¥ o ¥ + ¥
8 3.8 3.9 6.4 6.8 87.9 74,1 43,1 44,8 91.4 12.1 19.0 103.4 98.3 79.3 100.0 " 72,4 8.6 27.6
10-11 21.2  19.4 26.2 2%.9 103.8 100.9 81.6 82,1 103.3 75.0 36,8 61.3 105.7 88.2 105.2 " 96.7 25.5 34.9
14-15 40.6  27.4  35.4  42.8 ¥ F 63.3 85.2 F 0.3 39.6 41.4 F 79.3 F " F 33.7 38.7
27-28 3.3 3.7 5.3 7.1 10%.2 92.9 40.0 52,9 100.0 36.5 18.8° 81,2 104,7 70.6 107.0 " 89.4 7.0 32.9
28-1 Mar 21.0 30.2 32.4 41.6 108.6 102.4 BO.9 B85.2 107.1 101.9 53.3 79.5 108.1 80.0 110.5 *100.5 44,7 47.1
1-2 13.4 7.6 10.6 12.8 104.5 97.0 52,2 66.4 100.7 62.7 20.9 79.1  105.9 83,6 108.9 " 89.5 13.4 26.8
2 1.8 o] 0 o] 100.0 66.7 44.4 50,0 94,4 44,4 o] 100.0 116.7 55.6 111.1 " 61,1 27,8  38.9
5 7.6 1.0 20.9 24,2 105.3 97.4 64,5 68,4 103.9 48.7 34,2 86.8 110.5 89.5 107.9 " 94.7 19.7 42,1
10-12 22.6  29.2 3l.6 40,7 102.2 89.8 63.7 76.1 97.3 65.9 45.1 63.7 102.2 84,9 102.6 u 87.2 5.3 35.8
22 10.1 29,5 30.4 39.3 99.0 96.0 78.2 81l.2 89.0 69.3 56.4 68.3 104.9 89,1 103.9 ¥ 113,8 30,6 52.5
1-2 Apr 2.0 o] 0 o] 0 0 0 0 0 o] 0 0 o] 0 o] " 0 0 o]
8 18.8 42.9 38.4 50.2 98.9 85.1 76.1 84.0 94,1 75.0 59.6 71,8 77.1 82.9 98.9 95.2  44.1  47.8
28 Jun 7.4 1.7 4.3 71.0 83.8 56.8 37.8 29.7 68.9 32.4  23:0 48,6 86.5 UN 86.5 36.5% 63.5 10.8 39.2
9 Jul 2,0 0 0 0 o] 0 0 0 0 0 0 0 o] 0* 0 o] 0 0 0
22 50.7 F F F F F uN ux F F UN F F F 4 P F 4 N
24 5.3 o] 0 3.3 )31 M " " M M " M M M N M M M w
2 Aug 18.5 24.2 49.7 63.6 102.7 103.8 " v 108.6 74.0 H 84,3 97.3 47.0 99.4 37.8 4 56.8 "
3 6.6 5.7 18.7 23.8 92.4 90.9 i * 90.9 66.7 v 68.2 98.5 39.4 100.0 28.8 84.8 48.5 "
16 Sep 6.0 9.9 11.4 12.5 83.3 66.7 " " 75.0 46,7 " 56.7 86,7 30.0 88.3 0 80,0 16.7 b
23 4.0 o] 0 o] 0 o] " " V] 0 ¢ 0 o] 0 0 o] 0 o] "
21-22 Oct 10,7 0.2 4.7 0.5 93.4 75.7 " H 85.0 4,7 91.6 62,6 82.2 18.7 98,1 10,3 83,2 13.1 "
2% 5.1 0.3 2.9 0.8 86.3 76.5 v " 76.5 M 88.2 68.6 98.0 11.8 946.1 5.9  74.5 3.9 v
11-13 Nov 43.0 M 9.4 16,1 F F " " F 62.8 F 55.6 F 48.1 F 17.7 F 20.5 o
14 1.8 0 0 0 + ¥ " s ¥ + + v ¢ + i 0 ¥ ¥ "
15 1.8 0 0 0 88.9 61.1 " v 80.6 33.3  77.8 72.2 97.2 19.4 100.0 © 61.1  30.6 "
23~24 17.8 2.6 6.2 8.5 98.3 91.6 " " 98.3 50.6 77.5 68.5 96,6 24,7 101.1 5.6 92.7 9.0 "
5 Dee 4,1 o] 0 0 82.9 75.6 " " 90.2 22,0 85,4 53.6 95.1 0 97.6 O 68.3 0 "
17-18% . 79.8 7.2 5.6 16.2 F F " " F F F ¥ F P F b3 P F "
29-30 11.2 3.2 9.1 3.7 98,4 83.9 " " 91.1 14.3 N 50.0 10s.3 0 98.2 0O 75.9 0 "

38.1 86.0

TOTALS**  540,1 15.1  20.4 24,7 97.8 88,2 60.9 74,3 95,6 62.0 83.3 64.3 96.9 31,3 100,4 15.4 87.5 23,2 40,2
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Table 3.

I.

IT.

1-6

T3

T-10

T-15

Removed

Installed 19 Apr 1963

Maintenance 13 Nov 1975

Removed May 1978
Reason for removal:

Installed 14 Sep 1976 -

Removed 12 Jul 1978
Reason for removal:

Installed 25 Aug 1976

- Removed 12 Jul 1978

Reason for removal:’

Installed 12 Sep 1968
Removed 12 Jul 1978
Reason for removal:

‘Installed 9 Sep 1976

Removed 12 Jul 1978
Reason for removal:

Installed 16 Sep 1976

Removed 12 Jul 1978
Reason for removal:

‘New Installations:

L-6

Installed 15 Jun 1978

Treatment changes at Granite Reef duxing 1978.

Basecoat, RC~special at 1.5 kg
asphalt/m

Sealcoat, SS2L asphalt at 2.0 kg
asphalt/m modified with A-1 fibers.

Low efficiency

Dust suppressant oil (Chevron) plus
paraffin (128-131 AMP) applied as a
hot melt mix in 95/5% ratio at lﬁ/m .

Low efficiency for a wax plot.

Blend of paraffin and ethylene vinyl
acetate copolymer (Suntech, Inc.)
applied as a hot melt at 0.8 kg/mZ.

Low efficiency for a wax plot '
Clay asphalt
Low efficiency

Paraffin (128-131 AMP), antistcrip
(Dow Z-6076), tackifyer (Hercules
1-60) applied as a hot melt mnx in
ratio of 89:1:10 at 0.75 kg/m% on a -
2.5-cm~thick bed of medium-textured
sand laid over the Granite Reef soil.

Excessive erosion of the unstabilized
sand

Hawaiian crude residual wax applied
as hot melt at 1.0 kg/m2.

Low efficiency

Conventional asphalt-fiberglass
treatment to 1/2 area, Momsanto
unwoven polyester fabric - asphalt
treatment to other 1/2.
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Table 3. Treatment changes at Granite Reef during 1978. (Continued)

T—7 Installed 19 Sep 1978 Paraffin (128-131 scale) plus 5%
‘ by weight. Trymeen 6639 antistrip
(Fmery Co.) applied as hot melt at
O.S_kg/m2 to compacted plot.

T-10 Imstalled 29 Jun 1978 NaCl salt plus Arizona clay (Sup~—
: erior Co.) applied at 25 and 140 1b,

resp., were rototilled into top 2"
soil and packed on 26 Jul.

T-12 Installed 27 June 1978 ’ Subind (Chevron)
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Table 4. Summary of runoff efficiencies from wax-treated plots at

Granite Reef.

1/

Wax Treated Plots ~

Year Precip. R-2 T-13 T-6 T=3 =~ T-4 T-10 T-15 T-7
‘ mm %z runoff —

1972 244 90 92

1973 208 87 88

1974 251 85 2/ s

1975 = 183 88 96 76

1976 193 86 9L 73 90 87 85 54

1977 116 70 77 53 6L 64 53 49

1978 540 81 88 62 613 7.3 86 .03 sy

1/ First year's data represents partial year.
L. y

2/ Missing data.

3/ Terminated during the year.
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TITLE: RAINFALL, RUNOFF, AND EROSION RELATIONSHIPS FROM AGRICULTURAL
WATERSHEDS IN HAWAITL /
NRP: 20810 CRIS WORK UNIT: . .5510-20810-003A -
CODE NO.: USWCL 78-5 |
INTRODUCTION : o

The Hawaiian rainfall-runoff-erosion project conducted on Sik
small agricultural watersheds in cooperation with the University of
Hawaii, was continued through 1978. Seven years of data have now been
collected, pfocessed into engineering units, and stored on disk cart-
ridges, ready for analysis. A SEA-WR publication that ﬁill summarize
results and present the data collected through 1977 is in rough draft
form. Two other publications concerned with the erosive power of
Hawailan rainfall, and the S5CS runoff curve number method for esti-
mating runoff from sugarcane and pineapple lands, are in the review
process. ' }
PROCEDURE :

Rainfall and runoff data from the six small agricultural water-
sheds was collected on styxip charts and processed into engineering
units on digitizers and computer facilities at the U. S. Watexr Con-
servation Laboratory. All rainfall an& runoff data are then stored
on disk cartridges for computer analysis. Sediment and erosion data
are collected and processed by soil technicians from the University
of Hawaii.

RESULTS AND DISCUSSION:

A brief summary of events occurring and conditions observed
during the year are noted below for each site: ‘

1. Laupahoehoe — A complete cover of sugarcane over 10 £t high

covered this watershed throughout 1978. An early 1979
harvest is expected at the site.

2. Homokaa - This site also had a complete cover of over 10 ft

high sugarcane during 1978, and isbschedﬁled for an early
1979 haxvest. .
3. Waialﬁa Sugar - This watershed, which was bare the last half

of 1977, was planted to sugarcane about March 12, 1978. . By

20-1
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June 5, 1978, the cane was over 3 ft high and provided a
limited ground cover, which continued until September 9,
1978, when the cane had grown to over 6 ft high, and pro-
vided a partial cover. The cane continued to provide a
partial cover the remainder of 1978.

4. Waialua Pineapple -~ This site was abandoned in late 1977,
and the equipment moved to the Helemano site.

5. Mililani -~ A mature pineapple crop over 3 ft high provided
a complete cover on this watershed throughout 1978.

6. Kunia ~ A young pineapple crop provided a partial ground
cover on this watershed until April 1978. By April, the
crop had grown encugh to provide complete cover, which
existed the remainder of the year.

7. Helemano -~ This is a new site which was instrumented in
January 1978 on a trickle irrigated sugarcane field. The
cane was planted in January, and had reached a limited cover
stage by mid-March. By the first of Jume the irrigaied cane
had grown encugh to provide a partial cover, and a complete
cover stage was reached by the first of September, and exisfed
the rest of 1978. This irrigated site reached a complete ‘ X
cover stage over 2 months earlier than the non-irrigated
Waialua sugar site which was planted aboul the same time in
the same general area., It will be interesting to see if
harvest is also advanced proportionately.

A SEA-WR publication intended as a means tobpresent the data and
éummary of results from this project for possible use by other
researchers was not completed during 1978. The 1977 data was pro-
cessed and added to the 1972-1976 data for inclusion in the publica-
tion. Since several of the watersheds were harvested during 1977, .
adding this data increased the range of conditions which could be
covered in the summary. This is especiall? impoftant when studying -
sugarcane and pineapple culturals; because these crops cover the
field such a high percent of the time, and bare soil or other non-

complete covers are observed for only very short periods. FExamples

90— ‘
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of some of the tables and figures to be used in the.publication were
presented in last year's annual report under the title "Materials
and Methods for Water Harvesting and Water Storage in the State of
Hawaii."

Part of the rainfall data from this study was used to investi-
gate the erosive characteristics of Hawaiian storms, and to determine
which category of standard SCS—type storms most nearly describe ;
Hawaiian rainfall. It was found that most of even the larger storms
were of the less erosiﬁe type I and type IA«categofy, although type’
IT and IIA did occasiomally occur. A knowledge of the distribution
of erosive type storms within the year could be important to planta-
tion managers trying to reduce erosion, which is most critical imﬁedi~

“ately following harvests. They could use the distribution informatiom
to schedule harvest pericds on the most erosive potential fields foxr
' the portion of the year when erosive storms are less likely to occuf.
The rainfidll and runoff data was used to compute actual optimized
. runoff curve numbers for each site. The optimized values were then
compared to handbook values established from experience on the main-
land. It was found that optimized values were slightly lower than
handbock values for sugarcane, and considerably lower for pineapple.
The larger difference observed for pineapple may have been partially
due to the effect of field roads. In the optimize procedure the per-—
cent of field roads was determined, and the curve number for the roads
was established from handbook and rainulator studies. The curve ’
numbers for the piﬁeapple were thén determined, and found to' be much
lower than handbook values, indicating that the pineapple offers more
protection than anticipated. These reéults also suggest that a large
portion of the runoff, and hence erosiomn, comes from the 10 to 20
percent of the watershed in roads. It may therefore be best to con-
centrate conservation measures on the roads and let contour planting
take care of the cropped portion.
SUMMARY AND CONCLUSTONS: _

A brief summary of cover conditions on the six watersheds for

the year follows:

20~3 :
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Two of the sugarcane watersheds had a complete cover all 6f 1978

. and are expected to be harvested in early 1979. The other two were
planted in early 1978 and both had reached the complete cover stage
by the end of the year. Both pineapple watersheds had a complete
cover of pineapple most of the year, one being a mature crop and the
other reaching the full cover stage by April. The trickle-~irrigated
sugarcane site appeared to grow Considerably faster than a nearby
non-irrigated site, and this tendency will be observed to see if
harvest time 1s also adﬁanced.

A report intended to present rainfall-runoff and erosion data
and analysis for these watersheds that was in roﬁgh draft form last
vear is being re-~done to include 1977 data. Inclusion of the 1977
data was necessary to increase the range of conditions involved since
four of the six watersheds were harvested and replanted during oﬁ at
one end of 1977.

Generally, Hawaiian storms were found to be of the less intense

.type I or TIA, although type II and ITA storms do occasionally.occur.
Runoff curve numbers obtained from rainfall-runoff data were lower
than SCS handbook values, especially on the pineapple watersheds.
Indications are that the 10 to 20 percent of these watersheds occupied
by field roads play a significant role in the runoff and erosion
brocesses.

PERSONNEL: K. R. Cooley
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APPENDIX
LIST OF PUBLICATIONS PUBLISHED

AND MANUSCRIPTS PREPARED Iy 1978

MS No.

NRP 20740 Improve Irrigation and Drainage of
Aggricultural Land

Published: Clemmens, A. J., and Fangmeier, D. D.
‘Discussion of: "Border-irrigation hydraulics
with zero inertia,” by T. Strelkoff and N. D.
Katopodes, [Jour. Irrig. and Drain. Div., Proc.,
Amer. Scec. Civil Engin., 103(IR3):325-342, 1977].
Jour. Irrig. and Drain. Div. 104(IR3):337-339,
Sept. 1978. 652

Clemmens, A. J. Discussion of: "Dimensionless
solutions of border-irrigation advance," by

N. D. Katopodes and T. Strelkoff, [Jour. Irrig.

and Drain. Div., Proc., Amer. Soc. Civil Engin.
103(IR4) :401~-418, 1977]. Jour. Irrig. and Drain.

Div, 10&4(IR3):339-341. Sept. 1978 644

Clemmens, A. J., and Replogle, J. A. New flume
breakthough for ditch irrigators. Irrig. Age
12(7):82-88. April 1978. 647

Dedrick, A. R., and Erie, L. J. Automation of

on~farm irrigation turnouts utilizing jack-gates.
Trans., Amer. Soc. Agric. Engin. 21(1):92-96,

Jan. 1978, 569

Dedrick, A. R. and Erie, L. J. Irrigation and
automation of level basins. Proc., Western

Cottom Prod. Conf., Phoenix, Az., Feb. 21-23,

1978. pp. 44-46. 649

Dedrick. A. R., Replogle, J. A., and Erie,

L. J. On—~farm level-basin irrigation -- save

water and energy. Civil Engin. 48(1):60~65.

January 1978. 618

Erie, L. J. and Dedrick, A, R. Automation of

an open-ditch irrigation conveyance system

utilizing tile outlets. Trams., Amer. Soc.

Agric. Engin. 21(1):119-123. Jan. 1978. 576
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_MS No.

Erie, L. J., Bucks, D. A., and French, 0. F.

Effect of water application on growing cotton.

Proc., Western Cotton Prod. Conf., Phoenix, Az.,

Feb. 21~23, 1978. pp. 14-19. 648

Nakayama, F. S., Gilbexrt, R. G., and Bucks,

D. A. Water treatments in trickle irrigation

systems. Jour. Irrig. and Drain. Div., Awmer.

Soc. Civil Engin. Proc. 104(IR1):23-24, March, »
1978. 605

Replogle, J. A. Discussion of: "Bibliography

on discharge measurement techniques.” Amer.

Soc. Civil Engin. Task Comm. on Flow Measure-

ment of the Comm. on Hydraulic Structures of

the Hydraulics Div. [Jour. Hydraul. Div., Awmer.

Soc. Civil Engin. 103(HY8):889-904, 1977].

Jour. Hydraul. Div., Amer. Soc. Civil Engin.
114(HY4):577. April 1978. 638

Replogle, J. A., Riekerk, Hans, and Swindel,
B. F. Flow metering flumes monitor water in
coastal forest watershed. Water and Sewage
Works Jour. 125(7):64~67. July 1978. - 668

Replogle, J. A. Flumes and broad—-crested

weirs —— mathematical modeling and laboratory

ratings. In: "Flow Measurement of Fluids."

Proc. FLOMECO, 1978. The Netherlands. H. H.
Dijstelbergen, E. A. Spencer (Eds.). North-

Holland Publishing Co. pp. 321-328. 1978. 653

Replogle, J. A., Dedrick, A. R., and Erie,
L. J. TIrrigating with level basins. Ariz.
Prof. Engin. 30(10):4~5. October 1978 678

,Prepared: Bucks, D. A., Nakavama, F. A., and Gilbert,
5 R. G. Trickle irrigation water quality and
preventive maintenance. Agric. Water Manage-
ment. (Submitted for publication) 669

Clemmens, Albert J., and Replogle, J. A.

Constructing simple measuring flumes for

irrigation canals. USDA Farmers Bulletin.

1979. (In press) 695
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MS No.
Clemmens, A. J., and Strelkiff, Theodor.
Dimensionless advance for level-basin
irrigation. Jour. Trrig. and Drain. Div.,
Amer. Soc. of Civil Engin. (Approved for
publication) 674

Clemmens, Albert J. Verification of the

zero—-inertia model for border irrigation.

Trans., Amer. Soc. of Agric. Engin.

(In press) 670

Erie, L. J., and Dedrick, A. R. Level basin
irrigation: A method for conserving water

and labor. USDA Farmers Bulletin No. 2261.

(In press) 646

Gilbert, R. G., Nakayama, F. S., and Bucks,

D. A, Trickle irrigation: Prevention of

clogging. Trans., Amer. Soc. Agric. Engin.

(In press) : 645

Nakayama, ¥. S., Bucks, D. A., and Clemmens,
A. J. Assessing trickle emmiter application
uniformity. Trans., Amer. Soc. Agric. Engin.
(In press) ‘ 659

Replogle, J. A., and Clemmens, A. J.

Broad—crested weirs for portable flow meter-

ing. Trans. Amer. Scc. Agric. Engin. (Sub-

mitted for publication) 681
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NR 20760 Management and Use of Precipitation and _
Solar Energy for Crop Production MS No.

Published: Aase, J. K., and Idso, S. B. A comparison of
: two formula types for claculation longwave
radiation from the atmosphere. Water Resources
Res. 14(4):623-625, Aug. 1978 686

Brazel, A. J., Fritts, H. €., and Idso, S. B.

The climate of Arizona: Prospects for the future.

Ariz. State Univ., Lab. of Climatology Publica-

tion. 19738. 661

Ehrler, W. L., Idso, S. B., Jackson, R. D., and

Reginato, R. J. Diurnal changes in plant water

potential and canopy temperature of wheat as

affected by drought. Agron. Jour. 70(6):999-1004. '
Nov-Dec 1978. 628

Ehrler, W. L., Fink, D. H., and Mitchell, S. T.
Growth and yield of Jojoba plants in native stands
" using runoff-collecting microcatchments. Agronomy
Jour. 70(6):1005~1009. 640

Ehrler, W. L, Idso, S. B., Jackson, R. D., and

Reginato, R. J. Wheat canopy temperature: Rela-

tion to plamt water potential. Agronomy Journal

70(2) :251-256. Mar-Apr 1978. , 595

Hatfield, J. L., Reginato, R. J,, Idso, S. B.,
and Jackson, R. D.. Surface temperature and al-
bedo observations as toels for evapotranspiration
and crop~yield estimation. In COSPAR: "The Con-
tribution of Space Observations to Global Food

Information Systems." E. A. Godby and J. Otterman,
(Eds.) Pergamon Press, Oxford and New York.
pp. 101-104. 1978. 632

Idso, Sherwood B. Atmospheric dust: Climato-

logical consequences (reply to letter to the

editor). Science 201(4353):378-379. July 28,

1978. 660

Idso, S. B., and Brazel, A. J. Climatclogical
effects of atmospheric particulate pollution.
Nature 274(5673):781-782. August 1978. 657
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MS No.
Idso, S. B., and Deardorff, J. W. Comments on:
"The effect of variable surface albedo on the
atmospheric circulation in desert regiomns."
Jour. Appl. Met. 17(4):560. April 1978. . 603

Idso, S. B., Jackson, R. D., and Reginato, R. .J.

Extending the "degree day" concept of plant pheno-

logical development to include water stress effects.
Ecology 59(3):431-433. 1978 . 591

Idso, Sherwood B. Book Review: '"Mathematical

models in plant physiology: A quantitative

approach to problems in plant and crop physio-

logy,”" BY J. H. M. Thornley. Agric. Meteorol.

19:59-63. 1978. : 586

Idso, S. B., Jackson, R. D., and Reginato, R. J.
Remote sensing for agricultural water management
and crop vield prediction. Agric. Water Manage-
ment 1(4):299~310. 1978. 656

Idso, S. B., Hatfield, J. L., Reginato, R. J.,
and Jackson, R. D. Wheat yield estimation by
albedo measurement. Remote Sensing of Environ.

7:273-276. 1978, 633
Jackson, Ray D. Plant temperature —— An old new
tool for water management. Arizona Professional
Engineer 30(11}):9-10. Nov, 1978 680

Jackson, Ray D. Review of Book: "Computer Simula-

tion of Soil-Water Dynamics: A Compendium of

Recent Work", by Daniel Hillel. Agricultural .

Water Management 1:357-358., 1978. 629

Kimball, B. A. Critique of: "Application of

gaseous diffusion theory to measurement of
denitrification.” In: Nitrogen in the Environ-

ment, D. R. Nielsen and J. G. MacDonald, (Eds.),

Academic Press, NY., Vol. 1:351-361. 1978. 592

Millard, J. P., Jackson, R. D., Goettelman,

R. C., Reginato, R. J., and Idso, S. B, Crop

water stress assessment using an airborne

thermal scanner. Photogrammetric Engin. and

Remote Sensing 44(1):77-85. Jan. 1978. . 624

Reginato, R. J., Idso, S. B., and Jackson, R. D.
Tstimating forage crop production: A technique
adaptable to remote sensing. Remote Sensing of
Environ. 7:77-80. 1978 5967
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PrEpared: Brazel, A, J., and Idso, S. B. Thermal effects S No.

of dust on climate. Annals of the Association
of American Geographers. (Submitted for publi- ,
cation) , 676

Fhrler, W, L., and Fink, D. H. Yield improve-

ment of Jojoba by runoff farming. Proc. of the

Third International Conf. on Jojoba, Sept. 13~16,

1978. Riverside, CA. (In press) ‘ 682

Hatfield, J. L., Reginato, R. J., Jackson, R. D.,

Idso, S. B., and Pintexr, P. J., Jr. Remote sens-

ing of surface temperature for soil moisture,
evapotranspiration and yield estimations. Proc.

Fifth Canadian Remote Sensing Symposium. Aug. 28~

31, 1978. Victoria, British Columbia. (Submitted

for publication) 688

Idso, Sherwood B. Carbon dioxide and climatic
change: Assessing the magnitude of the problem.
Science. (Submitted for publication) 694

Idso, S. B., Pinter, P. J., Jr., Jackson, R. D.,

and Reginato, R. J. Estimation of grain yields

by remote sensing of crop senescence rates. . Remote
Sensing of Enviromment. (In Press) 677

Idso, Sherwood B. Terrain Sensing, Remote.
McGraw~Hill Yearbook of Sci. and Tech. (In Press) 673

Tdso, S. B., Pinter, P. J., Jr., Hatfield, J. L.,

Jackson, R. D., and Reginato, R. J. A remote

sensing model for the prediction of wheat yields

prior to harvest. Jour. of Theoretical Biology.

(In press) 655

Idso, Sherwood B. Remote sensing of plant tem-
peratures., Produce News. (In press) 671

Kimball, B. A., and Mitchell, S. T. CO,~enrich-

ment of tomatoes in unventilated greenhouses in

an arid climate. Acta Horticulturae, Vol. 87. m
(In press) 690

Kimball, B. A., and Mitchell, S. T.

Tomato yields from COp~enriched, unventilated

and conventially ventilated greenhouses. Jour.

Amer. Soc. Hort. Sci. (approved for publication) 698
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MS No.
Millard, J. P., Reginato, R. J. ILdso, 5. B.
Jackson, R. D., Goettelman, R. C. and Le Roy,
M. J. Experimental relations between airborne
and ground measured wheat canopy temperatures.
Photogrammetric Engin. and Remote Sensing.
(Approved for publication) 692

Pinter, P. J.,Jr., and Butler, G. D., Jr.

Influence of cotton irrigation frequency on the
duration of the prepupal and pupal stages of
non~diapausing pink bollworms., Environmental

Entomology. (Submitted for publication) 658

Pinter, P. J., Jr., Stanghellini, M. E.,

Reginato, R. J., Ldso, 8. B., Jenkins, A. D.

and Jackson, R. D. Thermal signatures: An

approach to the remote detection of biological

stresses in plants by infrared thermometry.

Seience. (Approved for publication) 691
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! ' MS No.
NRP 20790 Preventing Pollution of an Improving
' the Quality of Soil, Water, and Air

Eublished: Bouwer, Herman, and Rice, R, C. Delayed
f aquifer yield as a phenomenon of delayed

air entry. Water Resources Research
14(6):1068~1074, Dec. 1978. 600

Bouwer, Herman, and Rice, R. C. The

Flushing Meadows Project. In: State of

Knowledge in Land Treatment of Wastewater.

Vol. 1, U. S, Corps of Engin. CREEL.

Hanover, NH. pp. 213-220. 1978. 666

Bouwer, Herman. Groundwater recharge with

sewage effluent. In: "Guidebook to the

Geology of Central Arizona." D. M. Burt

and T. L. Pewe, (Eds.). Special Paper No. 2,

Univ. of Ariz. Press. Tucson, AZ. pp. 97~

100. 1978. 622

Bouwer, Herman, and Rice, R. C. Land

treatment of municipal wastewater - State

of the art. 1In: Prcc. Natl. Conf. on Environ.

Engin. Research Develop. and Design. Amer.

Soc. Civil Engin. Kansas City, MO.

pp. 111-117. July 1978. 662

Bouwer, Herman, Bauer, W. J., and Dryden,
F. D. Land treatment of wastewater in today's
society. Civil Engin.48(1):78-81. Jan. 1978, 571

Gerba, C. P., and Lance, J. G. Poliovirus

removal from primary and secondary effluent

by soil filtration. Applied and Envirom.

Microbiology 36(2):247-251. Aug. 1978, 689

Gilbert, R. G., and Rice, R. C. Effect of

algal growth and dissolved oxygen on redox

potentials in soil flooded with secondary

sewage effluent. Hydrology and Water Resources

in Ariz. and the Southwest, Vol. 8:132-136.

April 1978. 664

Lance, J. C., Rice, R. C., and Whisler, ¥. D,
Effects of vegetation on denitrification and
phosphate movement during rapid infiltration
of so0il columns. Jour. Water Poll. Control
Fed. 50(9):2183~2188. Sept. 1978. 587
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MS No.

Lance, J. Clarence. Fate of bacteria

-and viruses in sewage applied to soil.

Trans., Amer. Soc. Agric. Engin. 21(6): ‘
1114-1118, 1121. Nov-Dec 1978. 590

Lance, J. Clarence. Fate of. pathogens

in saturated and unsaturated soils. In:

Proc. of National Conf. on Composting of

Municipal Residues and Sludges, Aug. 1977, :

pp. 135-142. 1978, 650

Lance, J. C., Rice., R. C.,, and Bouwer, H.

Nitrogen and pathogen removal by rapid and

slow infiltration systems for land treat-

ment. Progress in Water Technology 9(4):

1031~-1033. 1978, 589

Lance, J. C. and Gerba, C. P. Pretreat-

ment requirements before land application

of municipal wastewater. In: State of

Knowledge in Land Treatment of Wastewater.

Vol. 1, U. S. Corps of Engin. CRREL.

Hanover, WH. pp. 293-304. 1978. 672

Rice, R. C. and Gilbert R. G. Land

treatment of primary sewage effluent:

Water and energy conservation. Hydrology

of Water Resources in Ariz. and the South-

west, Vol. 8:33-36. April 1978. 665

Smith, J. H., Gilbert, R. G., and Miller,

J. B. Redox potentials in a cropped potato

| ' processing wastewater disposal field with a
deep water table. Jour. of Environ. Quality

7(4):571-574, Oct-Dec 1978. 651
I .epared: Bouwer, Herman. Controlled degradation
' and/or protection zones -— Nonsense.
Ground Water, National Water Well Assoc.

(Submitted for publication) 687

Bouwer, Herman. Non-rveactive solute trausport.

Australian Water Resources Council Ground-

water Poll. Comnf. Proc., Perth, Australia. .
Feb. 19-23, 1979. (Submitted for publication) 685

Bouwer, Herman. Reactive solutes and materials.
Australian Water Resources Council Groundwater

Poll. Conf. Proc., Perth, Australia. Feb. 19-23,

1979. (Submitted for publication) ' 684
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MS No.

Bouwer, Herman. Urbanizing irrigated valleys

for optimum water use. Jour. of the Urban
Planning and Development Div. (In press) 654

Gilbert, R. G., Lance, J. C., and Miller, J. B.

Denitrifying bacteria populations and nitrogen

removal in soil columns intermittently flooded

with secondary sewage effluent. Jour. of _
Environ. Quality. (Submitted for publication) 643

Lance, J. C., Rice, R. C., and Gilbert, R. G.

Renovation of sewage water by soil columns
flooded with primary and secondary effluent.
Jour. of Water Poll. Control Fed. (Approved

for publication) 697
‘Love, T. D., Sommerfeld, M. R., and Gilbert,

R. G. Algal bioassay of waste and natural

waters of the Phoenix, Arizona area. Jour. :
of Water Research. (Submitted for publication) 693
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Nxe 20810  Conmserve and Manage Agricultural Water

MS No.
P_>lished: Cooley, Keith R. Water-water anywhere -—-
- almost. Ariz. Prof. Engin. 30(10):8-9.
Oct. 1978. 679

Fink, D. H., and Ehrler, W. L. Salvaging

wasted waters for desert-~household gardening.

Hydrology of Water Resources in Ariz. and

the Southwest, Vol. 8:125-131., April 1978. 667

"Schreiber, H. A., and Frasier, G. W.

Increasing rangeland forage production by

water harvesting. Jour. Range Management

31(1):37-40, Jan. 1978. ; 585

Prepared: Fink, D. H., and Ehrler, W. L. TRunoff
; farming for Jojoba. Iun: Proc. of Inter-
national Arid T.ands Conf. on Plant Resources.
QOct. 8-12, 1978. {(Submitted for publication) 683

Frasier, G. W., Cooley, XK. R., and Griggs,

J. R. Performance evaluation of water

harvesting catchments. Jour. of Range

Management. (Approved for publication) 663

El-Swaify, S. A., and Cooley, K. R.

Soil losses from sugarcane and pineapple

lands in Hawaii. 1In: Proc. Assessment of

Erosion in USA and Europe. CGhent, Belgium,

Feb. 27 to Mar. 3, 1978. {Approved for

publication) 675
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