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Summary. Bacterial numbers and predominant bacterial types were determined
in trickle irrigation systems receiving treated Colorado River water. Fourteen
bicierial genera were isolated and identified from 86 water and sediment
samples collected from trickie emitier systems receiving six water treatments.
The bacteria identified were common aquatic and soil microbes and the genera
in order of prevalence were Pseudononas, Flavobacierium, Vibrio, Brevibac-
rerium, Microeoceus, and Bacillus. A greater diversity of bacterial types was
found in water that was sand fillered and received no chemical treatment.
Regardiess of the water treatment, Pseudomonas suitzeri was the predominant
bacterivm  followed by Flavobacterium lutescens. The data indicated that
pigmented bacteria, F. futescens and Cylophaga hutchinsonii caused the yellow
codor of the slime deposits in biologically clogged emitters; and, their growth
was presumably supported by P ospuzeri, @ noapipmented bacterivm. The
accurrence of Bacillus sp. was enhanced by sand and screen filtration and
markedly reduced by chemical conditioning the water with either chlorine and
acid or acid alone. No strictly anaerobic bacteria, such as Clostridium sp., were
detected in water treated with chlorine and acid. Iron bacteria, Sphaerotilus
spp. were not detected in any water or sediment samples from trickle irrigation
systems,

Introduction

Trickle irrigation is a reliable and efficient method of irrigating high valued row
and tree crops, It helps to increase yields and to decrease labor costs and water
usage. However, clogging of emitters remains 2 major problem that adversely
affects the water distribution efficiency and the useful life of a system. Emitter
clogging usually results from some type of physical, chemical, or biological agent.

*  Contribution from the U.S, Department of Agriculture, Science and Bducation Admin-
tstration, Apriculiural Research
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Physical clogging problems have been well documented (Gilbert et al. 1981; Wilson
1972, 1975} and preventative methods of water filtration have been used successful-
ly (Gilbert etal. 1979; Nakayama et al. 197§). Chemical clogging problems due to
the precipation of calclum or magnesium carbonate have been prevented by
chemically conditioning the water with acid to control the pH (Nakayama etal.
1977, 1978; Pelleg ctal. 1974) Biological clogging problems have been reported
(Ford 1975; Ford and Tucker 1974, 1975; McElhoe and Hilton 1974), especially
where iron and sulfur bucteria have produced a brownish-orange or white
gelatinous slime, respectively (Ford 1979).

The growth and development of other acrobic slime-forming bacteria have
caused emitter clogging problems (Ford 1977; McElhoe and Hilton 1974; Sharp
[936). This report describes the predominant bacteria that were present in trickle
irrigation sysiems receiving treated Colorado River wuter at the end of 4 years of
operation. The genera of bacteria that clogged emitters with biological slime
deposits were also identifted.

Methods and Materialy

Backgrownd

A field study was established in January 1975 on 0.8 be with 200 mature Valencia orange
trees at Tacna, Arizons, 64 km east of Ywma, Arizona, in the Weilton-Mohawk Irrigation and
Drainage District. Detadls of the experimentad site, equipment. chemical water analysis, and
aperational procedures were deseribed previously (Gilbert eval. 1979, Nakayuma et al. 1978},

Types of Emitiers

Eight different types of emitters were selected frem a represemiative sampling of emitter
designs commercially available (Table 1), The emitters were fitted into 1.3 cm potvethylene
twbing and circled symmmetrically around cach of the four trees per subplot,

Water Treatments

Water treatments {Table 2} were varied by degree of filiration for removal of suspended load
and amount of chemical conditioning for controliing pH and preventing hiological slime

TFable 1. Description of trickle emitters

Emitter  Type Flow rates®  Orifiee size®
L/h mim

1 Long-path, capitlary tubing 6.5 0.95

2 Long-path, spiral-grooved, manual flush 76 (193

3 Long-path, spiral-grooved, manual flush 38 0.74

4 Priaphragm, expandable orifice 14 {58

5 Short-path, spiral-grooved. removable insert 57 0.64

6 Automatic, needle~-flush vaive 38 .58

7 Antomatic, ball-flush valve 3.6 027

& Single vortex 4.2 0.64

* Initial flow rate of emitier at 104 kPa
Orifice size represerts the minimum internal diameter of the water flow path
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Table 2. Deseription of water treatments

Treatment Type of treatment

Filtragion ® Chemical
A Screen (30-mesh) None
B Screen (30-mesh) Chlorine & acid-intermittem ?
< Sand + screen (200-meshy Mone
D Sand +screen (200-mesh) Chlorine & acid-intermittent P
E Sand +screen (200-mesh} Chlorine & acid-continuous®
F Sand 4+ screen (200-mesh) Acid-continuous

* The sand filter medium was No. 20 silica sand, and the screens were stainless steel, cyfin-
des-Iype commercial units

Intermitlent chemical treatment: Chemicals were injected only during the last hour of irri-
gation cycle. The residual chlorine concentration was 10 mg/l and the acid adjusted the river
water to pH 7. Chemical injection was starled after 278 days of operation for Treatment B
¢ Continuous chemical treatment: Chemicals were injected during the complete irrigation
cycle. The residual chlorine concentration was 1.0 my/1 (Treatment E) and the acid adjusted
the river water to pH 7 (Treatments £ and F)

development. The water in Treatments A and C received no chemical conditioning. For
Treatment E, dilute caleium hypochlorite and sulfieric aeid solutions were injeeted separately
into the inlet side of the sand Glier. Injection rates of the chemicals were adjusted to attain a
pH of 7, and the free residual chlorine in the water a1 the outlet of the screen filter was about
EOmg/t I Treatments B and DD, acid and hypechlorite were injected intermitiently only
during the last hour of frrigation, so that the treated water filied all lines from the treatment
shed to the lateral ends in the field, This produced residual chlorine concenirations of about
10 my/l and adjusted pH o 7 In Treatment F, ditute sulfuric acid was injected continuousty
at 2 rate sufficient to adjust the pH 16 7.

Cuangitarive Bacterial 4 SSAPS

Water samples for bacterial anabysis were collected from Colordo River water and four of
the vight emitter systems in sterile plastic boutles (250 mi) at 2- and 3-week intervals in the
summer and wititer, respectively. Colorade River water samples were obtzined in the
reatment shed before the water was filtered or chemically conditioned. Emitter water samples
were obtained by placing plastic bottles under emitters elovated with a wire support above the
sol surfuce. Since the 1emperature and water flow through the system wouid affect the growth
and establishment of bacterial populations in the emitters and lateral lines, all emitter water
samples for bacterial analysis were collected at the start of the irigation cyele, Thus we
measured maximum divrnal growth responses between the daily irrigation cycles that ranged
from about 2 h in the winter to 12 It in the summer. The emitler water samples were collected
[rom the field within 5 to 10 min afler the irrigation system was started. Upon returning to the
freatment shed, the emitter water samples were quickly inoculated into Millipore® “Water
Testers” (Millipore Corp. 1975). The inoculated waler tesiers weie transported from the feld
to the Inboratory and ineubated for 7 to 10 days at 28 °C before the tota] number of bacterial
colonies was counted,

The water testers are presterilized, self-contained, disposable filtration and incubation
units used for the microbiclegical examination of water, Pach one contuins 2 0.45 pm

* Trade names and company names are included for the benefit of the reader and do not
imply any endorsement or preferential treatment of the product Hsted by the author or the
U.S. Department of Agriculture
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membrane filter backed with an absorbent pad containing debiydrated Tryptone Glucose
Yeast Extract medium. When dipped into an aguecus fluid 1.0 mi was automaticaily
absorbed through the membrane filter. The nutrient pad was hydrated providing the cohure
medium for the bacteria retained on the membrane filter. The water testers were especialiy
useful, since Inboratory facilities were not available st the experimental field site and
conventional sampling and transportation of samples were not convenient. The use of these
waler testers served two purposes: ) o monitor and evalaate how effectively the chlorination
treatments controlled microbial growth, and 2) o determine the relative number of
heterotrophic aerobic buacteria in the water samples from the varied water treatments and the
Colorado River.

Qualitative Bacterial Assays

Quaiitative assays of bacterial populations were carried oul in March and April of 1979, just
before termination of the d-year experiment. All water samples, trickle emiters, and wbing
segments from lateral lines collected at the field site for biclogical analysis were transposted
on jce and stored a1 4 °C in the laboratory. Water samples were collected from the Colorado
River and flowing trickle emitters as previowsly described. Sediment samples were collected
from inside segments of the polyethylese lateral bne tubing and from the internal flow
channel of trickte emivers. Microbial slime samples were collected from the internal flow
channel of emutters that were biologically clogged. Biological samples of water and sediment
from cach type of trickle emitter and water treatment were assayed for the predominant
bacteria genera.

Eritters and tube segments were surface sterilized in 5% sodium bypochiorite and
carefully dissected with tools and equipment that had been flame sterilized with 95% ethanol.
Sediment samples from longitudinelly cut wube segments and dissected emitters were
aseptically scraped mnto 20 mi of sterile water, These sanples were transferred into sterile milk
difution boutkes and stored at 4 °C, until they were analyzed for bacterial genera. All water
and sediment samples were treated with sadivm thiosaffate (100 me/ly lo neuntralize any
residual chlorine.

Tdemtification of Beacteria

Within 24 h after coliecting the water and sediment samples, we inoculated them onto four
cullure media: neopeptone agar (MEQ), sireptomycin assay agar {8M), desoxycholate agar
(DES), and wypticase soy agar (T8A). Streak inoculations were made with (05 ml of sample
dilutions or 0.1 ml of the undiluted sample on cach culture medivm. Al streaked culture
plates were incubated aerobically at 25 °C for 3-5 days and only streaked culture plates of
TSA were incubated anacrobically at 25°C for 5-7 davs. Anaerobic incubations were
performed with BBL Gas Pack systems®.

The predominant colonies were counted and isolates were selected and subcultured on
TSA slants. Each isolate was examined for growth ot 37 and 45 °C; for growth en 5 and 10%
salt in TSA; for hydrolysis of starch and gelatin; and for fermentation reactions on glucose,
Anaerobie growth of each isolnte was examined on TSA plates. The oxidase test was done on
ail cultures using pathotec oxidase strips. The catalase fest was observed afier applying a 3%
hydrogen peroxide solution 1o & cell mass on a glass slide. Pigmentation was determined
primarily on SM and gelatin cultures, Migration ability was observed on 0.5% peptone agar,
Flucrescence of cullures growing on King's flusrescent medium was examined under shori-
wave {234 nm) sltraviolet light, Cell morphology and gram stain resctions were made on
isolates cultured for 24 to 48 h. Predominant bacterial types were established by colonial
growth prior to generic identification of cach bacterial isolate. Classification was done
according to Bergey's Manual of Determinative Bacteriology ¢ Buchanan and Gibbons 1974}

Assays for filamentous bacteria, Sphaerotilus and Leptothrix (iron bacterium), were
performed by adding 3.6 mi of each binlogical sample to flasks containing 25 m} distilled
waler with 0.03% yeast extract, 0.1% peptone, 0.5% calcium carbonate, 0.01% magnesium
sullate and & piece of broken razor blade as an iron source. These inoculated flasks were
incubated In darkness 2t 25 °C for a1 least 21 days and occasionally for 6 weeks. Periodically
the flasks were examined for filamentons growth and floceulations of iron bacieria,
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Results and Discussion

Quantitative Assays of Bacteria Populations

Refative numbers of bacteria were determined in trickle trrigation systems recelving
treated Colorado River water. Water treatments were varied based on the degree
of fihraton for removal of suspended load and on the amount of chemical
conditioning for controlling pH and preventing biological slime development,
Bucierial numbers in Colorado River water (Fig. 1 A) were usually in the 100 o 500
cells/mi range, which indicated the main canal water was comparable 1o other non-
cuiraphic water sources. Populations were seasonal — numbers of bacteria were
higher in summer than in winter. Filtration of Colorade River water with either
screen (O0-nvesh) filters only or combinations of sand and screen (200-mesh) filters
did notaltter the number of bacteria in the water (Fig. 1 B). Chemical conditioning
of the water cither intermittently or continously with chlorine and acid effectively
controlled the growth of bacterial populations and development of biclogical slime
by periedicatly reducing bacterial numbers (Fig. 1 C, D). Oceasionally, the residual
chlorine was sufiicient to prevent bacterial regrowth between irrigation cyeles and
bacteria were not detected by the culture methods used. Fhe number of bacteria in
water continuousty conditioned with acid alone were not markedly changed
(Fig. 1D us compared with the other sreatments.

Cualitarive Assavs of Boacterial Populations

Fourteenr bacterial genern were identified in 86 wuter and sediment samples
colfected from trickle emifter systems receiving six water trealments (Tabie 3). The
bacterin present were common aquatic and soil microbes and the most prevalent
popalation types were not markedly changed by the water treatments, The major
generi in order of their oveurrence were Pseudomonas, Flavobacteriuny, Vibrio,
Brevibecterium, Micrococeus, and Bacillus. Pseudomonas spp. oceurred in 87% of
the biological samples and their prevalence was not changed by filtering and
chemically conditioning the water, Water conditioned continucusly with chiorine
and acid was the only treatment in which Pseudomonas sp. shared predominance
with Flavobacrerinny sp. The greatest diversity of bacterial isolates, 16 1o 20, was
present in water and sediment samples that received no chemical conditioning
{Treatments A and C). Water conditioned continuously with acid (Freatment F)
had six or fewer different isolates. Water intermittenily or continuously treated with
chiorine and acid (Treatments B and E) had only two 1o three different isolates.
Among the bacterial isolates, charactleristic soil bacieria were isolated, which
mciuded the gram positive rods of Bacillys sp. and coryneforn: bacteria, the gram
negative genera of Acinetobacrer, as well as the strict anaerobes Closiridium and
Propionibacterium, Clossridium was not isolated as a predominant bucterium from
water that was sand and sercen filiered and chemically weated. Vitwio sp.,
biochemically similar to Pseudomaonas sp., were found in all treatments except the
continuous acid (Treatment ¥). The uncexpected detection of Erwinia occurred in
only one sample from water conditioned continuousty with acid. Stapfiviveocens
spp. were not considered indigenous to Colorado River water; its detection cight
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Fig, L Effect of Bliering and chemical conditioning Colorado River water on relative bacteria
numbers in water samples from trickle emitters, (Numbers of 1 or fess were ploted as 2ero.)

times was most likely cavsed by sample contamination, even through asepiic
technigues were used in dissecting and cufturing the samples.

The selective culturing procedures used for isolating filamentous bacteria,
Sphaerotilus and Leprothrix (iron bacterium), failed to detect them in any water
and sediment samples or biologically clopged emitters. Ford (19773 reported that
water conlaining > 0.4 mg/1 of ferrous iron contributed 10 the growth of filamentous
ron bucteria and caused emitter clogging problems. Apparently, Colorado River
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Fig, 2. Blustration of microbial slime deposits that completely clogged the spiral-grooved
flow-path of emitter 3 (Mag. 10X}, Pseudomonas stutzeri and yeliow pigmented Flavobacieri-
wnl heteseens were identified as the predominant baeteria {Table 431 The insert (upper right) s
i dissected view of emitter 3 attached 10 a Tuteral line

Tuble 4. Percent of biotogically clogged emitters containing various
bacterizl genera. The Emitters were from wickle irrigation systems re-
ceiving chemically treated and nontreated Colorado River water®

Bacteria Percent Detected
{%)
Psewdmmonas sintzeri 89
Flavobacteriun lntescens 44
Vibrio sp. 12
Micrococcus sp. 2
Brevibacterinn linins 22
Acinetabacier calcoaceticum 22
Bacillus sp. il
Clostridium sp. 1
Cytophaga hutchinsonii 1
Fseudomonus aeruginosa i
No. of emitters assaved 9

* Of the emilters assaved for genera of bacteria, seven were from
chemically treated and two were from nontreated systems
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water which contained < 0.1 mg/] of ferrous ron (Gilbert etal. 19793 had not
induced the growth and clogging activity of these bacteria inn our trickle systems.

Gilbert etal, (1979) reposted an unexplained reduction in emibtter flow rates
with sand and screen (206 mesh) Giltration (Treatment €), as compared with enly
screen (50 mesh) filtration (Treatment A) for emilters 2 and 3 (Table 1} this
reduction was prevented by chemically-conditioned water. Since there wuas no
togical physical explanation for the observed flow reductions with Treaiment C,
biological agents may have caused the problem. These current results have shown
that  Bucillus spp. are not a dominant bacteria in chemically treated water.
Therefore. the increase in occurrence of Bacillus spp. in untreated water {Table 3)
and Aeir association with the dominant Psendomonas spp. and other organisms
ruy be contributing 1o the flow reduction of emitters 2 and 3 in Treatment C.

The prevalent occurrence of Psewdomonas sp. could eventually cause some
serious clogging problems. B has been shown that iren accumulates and concen-
trates in the sediments and organic maierials in the main, submain, and lateral lines
{Nakayama ctal. 1978), and that nonfilamentous acrobic Pseudomonas spp. arc
able 1o oxidize and precipitate soluble ferrous iron, which clogs emitters (Ford
1977y We have found Psendomonas simzeri 10 be the major baclerium present in
biologically clogges emitters (Fig. 2§ fromy chemicatly veated and nontreated trickle
systems (Table 4). Along will P.stiezerd, the plgmented genera Flavohacterium and
Crisphage, were the major bacteria in emitter sediment samples. The data suggest
that both Flavebacieritun futeseens and Cyrophaga huschinsonii caused the yellow
pigmented growth in the emitters. In general, the biological clogging problems with
Colorado River water were minimal during the 4 years of operation. The principle
clogging problems resulted from physical factors and less than 1% of the 1800
emitters installed demonstrated reduced flow rates or clogging caused by biological
slime deposits (Gilbert etal, 1981} From these current results and others (Gilbert
etal. 1979, 1981; Nakayama etal 1977, 1978}, water treatments and management
practices designed to prevent emitler clogging caused by chemical, physical, and
biological agems have been recommended (Bucks et al, 19793
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