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A RECLAIMED WATER CITRUS IRRIGATION PROJECT
Mongi Zekri1 and Robert C. J. Koo
University of Florida, IFAS
Citrus Research and Education Center
700 Experiment Station Road
Lake Alfred, FL 33850

Abstract. Because there is an interest and concern in the use
of municipal wastewater on crops intended for human con
sumption, research has been conducted to evaluate the long-

term effects of applying treated wastewater on agricultural
land with mature citrus trees in central Florida. For over 6 yr,
the effects of irrigation with reclaimed municipal wastewater
were compared to well water in terms of soil water content,
soil chemical analysis, leaf mineral status, and fruit quality.
Irrigation with reclaimed water increased mineral residues in
the soil profile, altered leaf mineral concentration and fruit
quality, and promoted better tree performance and more
weed growth relative to irrigation with well water. Higher
accumulation of P, Mg, and Na in soils irrigated with re
claimed water were reflected in leaf mineral status. The re
claimed water can supply all the needs of P, Mg, and B to
citrus trees. Accumulation of N, K, and Ca in soils irrigated
with reclaimed water were not reflected in leaf mineral
status. Although leaf Na, Cl, and B concentrations were
noticeably higher in reclaimed water treatments than in those
of well water, they are still well below the toxicity levels set
for citrus trees. This highly treated wastewater in central
Florida has been found to be of good quality, non-toxic, and
a good option for increasing water supplies, but not a major
source of N and K to citrus trees.

Both the need to conserve water and to safely and
economically dispose of wastewater make the use of treated
wastewater in agriculture a very feasible option. Further
more, wastewater reuse may reduce fertilizer rates and

provide a low cost source of irrigation water. However,
depending upon their sources and treatments, sewage was-

tewaters may contain high concentrations of salts, heavy
metals, bacteria, and viruses.

In many parts of the world, treated municipal wastewa
ter has been successfully used for the irrigation of various
crops including agronomical (Bielorai et al., 1984; Bole
and Bell, 1978; Campbell et al., 1983; Feigin et al., 1984)
and horticultural (Basiouny, 1984; Neilsen et al.,
1989a,b,c; 1991) crops. Recently, in Florida, several pro
jects involving the reuse of municipal wastewater for citrus
irrigation have been initiated. The largest and longest es
tablished one is the Conserv II/Southwest Orange County
Water Reclamation Project. This project which was in
itiated in 1986 provides over 40 million gallons of re
claimed water per day from the Orlando area to agricul
tural sites including 7,000 acres of citrus trees. Detailed
information on the concept, design, benefits, and prelimi
nary evaluations of the Conserv II project were reported
by Koo and Zekri (1989) and Zekri and Koo (1990).
The objective of this research work was to study the
long-term use of reclaimed wastewater for citrus irrigation
by comparing the effects of well water and Conserv II
water on soil chemical properties, weed growth, mineral
residues in the soil profile, leaf mineral concentration, fruit

quality, and visual appearance of citrus trees.

Materials and Methods
Florida Agricultural Experiment Station Journal Series No. N-00802.
Research conducted at the Citrus Research and Education Center, Lake

Alfred, Florida. Use of trade names does not imply endorsement of the
products named nor criticism of similar ones not named.

Thirty to thirty-two sites were selected in citrus groves
located in Lake and Orange Counties in Florida to investiSate tne e"CCtS Ot reclaimed municipal wastewater (Conserv II) on citrus. Eight to nine of these sites were located

3PreSent address: do Jack M* Berry> Inc" P" °' Box 459> LaBelle' FL in groves where well water was used for irrigation. Each
site was about a half of an acre and consisted of 4 to 5 rows
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of relatively well-established uniform citrus trees. 'Hamlin'
orange [Citrus sinensis (L.) Osb.] on Carrizo citrange [C.
sinensis (L.) Osb. x Poncirus trifoliata (L.) Raf.] rootstock,
'Valencia' orange [C. sinensis (L.) Osb.] on rough lemon (C.
jambhiri Lush.) rootstock, and 'Orlando' tangelo (C. paradisi
Macf. x C. reticulata Blanco) on Cleopatra mandarin (C.
reticulata Blanco) rootstock were the principal scion/
rootstock combinations involved in the study. The soil is
mostly a deep well-drained Astatula fine sand (hyperthermic, uncoated Typic Quartzipsamments) with an average
field capacity of about 4.25 inches to a depth of 66 inches.
The 1989 Christmas freeze killed many trees which forced
abandonment of some blocks that had been monitored
since 1986. Several new sites, including a few young tree
blocks with trees that were not damaged by the freeze,
were then added to continue the study.
Conserv II and well water samples were collected every
2 weeks. Total dissolved salts (TDS) and pH were meas

ured with a conductivity meter (YSI Model 31; Yellow
Springs Instrument Co., Yellow Springs, Ohio) and a pH/
millivolt meter 811 (Orion Research, Cambridge, Mass.),
respectively. Nitrogen (N) content was determined by the
micro-Kjeldahl method using Biichi digestion, control, and
distillation units (Brinkmann Instruments, Inc., Westbury,
N.Y.). Nitrate N was determined by the A303-S625-01
Alpkem method and analyzer (Alpkem Co., Clackamas,
OR). Chloride (Cl) content was measured by silver titration
using a digital chloridometer (Haake Buchler Model 4425000; HBI, Saddle Brook, NJ.) after extraction with nitricacetic acid solution. During the first 4 yr, phosphorus (P)
concentration was determined by the vanado-molybdophosphate yellow color method with a spectrophotometer
(Bausch and Lomb Spectronic 20; Bausch and Lomb,
Rochester, N.Y.). The concentrations of potassium (K), cal
cium (Ca), magnesium (Mg), sodium (Na), copper (Cu),
zinc (Zn), manganese (Mn), and iron (Fe) were measured
by an atomic absorption spectrophotometer (Perkin Elmer
Model 503; Perkin Elmer, Norwalk, CT). During the last
3 yr, measurements of P, K, Ca, Mg, Na, Cu, Zn, Mn, Fe,
and boron (B) concentrations were conducted by induc
tively coupled argon plasma spectroscopy (Perkin Elmer,
Plasma 40).
Soil samples were collected at 6-inch increments to a

depth of 66 inches once a year (end of Sept. to early Oct.).
Two sub-samples were taken from each site and then com
bined. Samples were air-dried for at least 2 days and sieved
and analyzed for pH, N, P, K, Ca, Mg, and Na using the
same instruments listed for water analysis. Soil pH was
determined in aqueous extracts [2 water: 1 soil (v/v)]. Total
N was measured after digestion with concentrated sulfuric
acid. Phosphorus extraction was performed with NH4F
and HC1 (Bray P^. Extraction of K, Ca, Mg, and Na was
carried out with neutral, one-normal ammonium acetate.
Spring flush leaves from nonfruiting twigs were also
sampled once a year in Aug. Eighty leaves were sampled
from 10 to 20 trees at each site. Leaves were washed with
a detergent, rinsed in tap water, then in 5% HC1 solution,
and finally rinsed three times in distilled water. Leaves

were oven dried for at least 2 days at 65°C, ground, and
retained for mineral analysis. Total N content was deter
mined similarly to that in the soil samples. During the first
4 yr, the concentrations of P, K, Ca, Mg, Na, Cu, Zn, Mn,
and Fe v^eYe measured after a wet digestion with a mixture
(4:1) of nitric-perchloric acid. During the last 3 yr, meas-
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urements of all these elements plus B were performed
after dry ashing in a muffle furnace for 5 hr at 500°C and
bringing the ash into solution with 1 N HC1 solution. Leaf
Cl concentration was determined similarly to that for water
samples.
Fruit samples were collected from 10 to 20 trees at each
site once a year prior to fruit harvest for fruit quality meas
urement. Since 1987, 10 to 20 trees at each site were visu
ally evaluated for canopy appearance, leaf color, and fruit
crop every 3 to 4 months. For the last 3 yr, within the tree
row at each site, weed growth was also visually estimated
and rated four to five times a year.
At each site, one 6-foot-long aluminum access tube was
installed just inside the tree crown dripline of the trees in
the area wetted by the microsprinkler or sprinkler. At bi
weekly intervals, soil water content was measured to a depth
of 66 inches with a neutron probe (CPN Model 503DR;
Martinez, Calif.).
Results and Discussion

Water quality. Maximum average concentration limits
and chemical analysis and mineral concentrations of Con
serv II and well water are presented in Table 1. Maximum
average concentration limits are levels set by investigators
involved with the project based upon previous work on
wastewater (Koo, 1976; Sopper and Kardos, 1973). Con
serv II water has been a good quality water having very
low total dissolved salts (TDS) and heavy metal contents.
When compared to well water, Conserv II water is higher
in all measured chemical parameters with the exception of
pH, Cu, and Mn. For Conserv II water, the mineral con
centrations of all elements listed in Table 1 are lower than
the maximum allowable concentrations. However, the Na
and Cl concentrations are approaching their respective
maximum allowable concentrations. In spite of this, twice
these actual concentrations of Na and Cl are not consid
ered harmful to citrus (Westcot and Ayers, 1988).
Soil water content was consistently higher in Conserv II
blocks than those irrigated with well water (Table 2). Con
serv II blocks were more heavily irrigated than well water

Table 1. Chemical analysis of Conserv II and well water.
Well watery
Mean ± SD

Conserv II watery
Mean ± SD

704

7.9 ± 0.3
135 ±25

7.1 ±0.2
325 ± 25

(ppm)

(ppm)

(ppm)

7±2
5±2
0.09 ± 0.04
1.6 ±0.6
33 ±6
7± 1

10 ±3

Max. average

Characteristic
pH

TDS (ppm)

Element
Total nitrogen
Nitrate nitrogen
Phosphorus
Potassium

Calcium
Magnesium
Sodium

Chloride
Copper

Zinc
Manganese
Iron
Boron

cone, limits2
6.5-8.4

30
—

10

30
200
25
70
100
0.20
1.0
0.20
5
1.0

5±2
11 ±3
0.03 ± 0.02
0.02 ± 0.02
0.01 ± 0.01

0.02 ± 0.02
0.02 ± 0.01

8±2
4±2
14 ±3
42 ±4
9± 1
62 ±7
69 ±7
0.03 ± 0.02
0.06 ± 0.02
0.01 ±0.01
0.07 ± 0.03
0.14 ±0.03

"Maximum average concentration limits are standards set for Conserv II
water.

yConserv II and well water values are the average of 1987-1992 data.
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Table 2. Effects of irrigation with Conserv II and well water and rainfall on average biweekly soil water content (0-66 inch depth).
Soil water content (inch)2

Above field capacity (%)y

Could irrigate (%)x

Year

Well water

Conserv II

Well water

Conserv II

Well water

Conserv II

Rainfall
(inch)w

1987

3.43 ± 0.05
3.52 ± 0.04
3.57 ± 0.03
4.45 ± 0.05
3J2±0.06
3.21 ±0.05

4.07 ± 0.03
3.85 ± 0.04

17.5
23.7
17.8

37.5
34.7
37.8
68.5

4.7
12.8

50.5

45.5

22.0
16.0
11.3
0
22.7

45.8

20.8

1988
1989

1990
1991

1992

3.88 ± 0.04

4.77 ± 0.04
4.10 ±0.03
4.13 ±0.03

76.2
13.2
8.3

52.0

15.2
0
4.6
8.3

48.2
44.6
43.2
54.9

zMean ± SE (standard error).

y% of time measurements were taken, soil water content values were above field capacity (4.25 inches).
x% of time measurements were taken, soil water content values were below 2.55 inches (40% water depletion of field capacity).
wAnnual rainfall obtained from the US Weather Bureau Station at Clermont in central Florida.

blocks mainly because the Conserv II water is free of content measurements and rainfall, the amounts of irriga
charge and frequent irrigation is well known to increase tion water applied were approximated to be 35 and 20
fruit production. The difference in soil water content be
inches per year for Conserv II and well water, respectively.
tween Conserv II and the control blocks is thought to be Based on this approximation, irrigating with Conserv II
the cause for differences in fruit quality parameters which water can make a difference in nutritional supply which
will be discussed in more detail under their respective will be beneficial to citrus trees. Compared with well water,
heading. This difference between the two groups was more irrigation with this higher amount of Conserv II water
noticeable in 1987, 1991, and 1992. During these 3 yr, at could provide an extra 47 lb of N, 32 lb of P (72 lb of
least 20% of the time measurements were taken, soil water P2O5), 104 lb of K (125 lb of K2O), 183 lb of Ca, 39 lb of
content values in the control blocks were below 2.55 inches Mg, 1 lb of B, and about 1/2 lb of Zn and Fe per acre per
which was a level set at 40% water depletion of the field year (Table 3). However, it should be mentioned that not
capacity in the rootzone (0-66 inches). At this level, irriga
all these amounts were used by citrus trees. Nitrogen and
tion could be beneficial (Koo, 1969). The year 1990 was
abnormal with a relatively high soil water content for both
groups which could be attributed to the relatively higher
proportion of young tree blocks that were selected after
the loss of some mature tree blocks due to the 1989 Christ
mas freeze. Higher soil water content is usually maintained
in young tree blocks than in mature tree blocks. Mature
trees were severely pruned back from the freeze, leaving
a small canopy which greatly reduced transpiration and

water uptake from the soil.

Fruit quality was generally lower from Conserv II trees

than from trees irrigated with well water. This was true for
'Hamlin' and 'Valencia* oranges and for 'Orlando' tangelo.
Fruit quality data were only presented for 'Hamlin' (Fig.
1). The values for juice content did not seem to follow a
consistent difference between the two groups. However,
consistent trends existed in titratable acids, soluble solids
per box of fruit, soluble solids/acid ratio, and weight per
fruit or fruit size. Fruit from Conserv II trees were lower
in acids and soluble solids per box but generally higher in
soluble solids/acid ratio and larger in size. Since fruit from
trees irrigated with Conserv II water had higher soluble
solids/acid ratio, they would reach maturity standards ear
lier than fruit from trees irrigated with well water. Applica
tion of municipal treated effluent to peach trees also re
duced titratable acidity in the fruit and advanced ripening
(Basiouny, 1984). The differences in juice quality between
the two treatments could be attributed to higher soil water
content in Conserv II blocks relative to the controls. Such
effects of irrigation on juice quality of citrus fruit have
been well-documented (Koo and Sites, 1955).

Nutrient values of Conserv II water have to be considered
when Conserv II water is applied at relatively high amounts.
Although Conserv II water is very low in mineral composi
tion, it can provide significant amounts of nutrients to the
soil as compared to well water (Table 3). Based on soil water
32

1987

1988

1989

1990

1991

1992

Fig. 1. Fruit quality of 'Hamlin' orange as influenced by irrigation

with Conserv II and well water.
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Table 3. Estimated nutrient values2 of Conserv II and well water based
on mineral content from Table 1 and on 35 inches of irrigation water

Leaf
3.0

per year for Conserv II and 20 inches for well water.
Nutrient added (lb/acre)

Element
Total nitrogen
Nitrate nitrogen
Phosphorus
Potassium
Calcium
Magnesium
Sodium
Chloride
Copper
Zinc
Manganese
Iron

Boron

Well water
32 ±9
23 ±9
0.4 ± 0.2
7±3
150 ±27
32 ±5
23 ±9
50 ± 14
0.14 ±0.09
0.09 ± 0.09
0.05 ± 0.05
0.09 ± 0.09
0.09 ± 0.09

Difference

Conserv II

(lb/acre)

(%)
60
64

79 ±24

47 ±24

64 ± 16

41 ± 16

32 ± 16

31.6 ± 16

99

111 ±24

104 ± 24

94

333 ± 32
71 ±8

183
39
469
497

55

492
547
0.24
0.48
0.08
0.56

± 56
± 56
±0.16
±0.16
± 0.08
± 0.24

1.11 ±0.24

0.10
0.39
0.03

0.47
1.02

± 32
±8
± 56
± 56
±0.16
±0.16
± 0.08
± 0.24
±0.24

55

95
91

38
84

M

92

K being soluble are susceptible to leaching losses, while
some of the Zn and Fe could be fixed by the soil in insolu
ble forms.
Leaf mineral composition. Leaf Cl and B contents were
measured only during the last 3 yr. Data for leaf Cu, Zn,
and Mn were not presented because of the inconsistent
trend and lack of difference between Conserv II trees and
the controls. Since the introduction of Conserv II water
into the groves in 1987, consistent trends in leaf N, P, Fe,
and Na existed between the two treatments (Fig. 2). In the
last 3 yr, consistent trends for Mg, Cl, and B also existed
between the two groups (Fig. 2). Leaf N, K, and Ca con
tents were not noticeably higher in Conserv II treatments
than in well water treatments (Fig. 2) although certain
amounts of these nutrients were supplied through Conserv
II water (Table 3). With the exception of 1992, the differ
ence in leaf N was not great probably because both the
Conserv II and the control groves were on a high N fer
tilizer program. For K, the lack of difference could be due
to greater growth and larger fruit crops on trees irrigated
with Conserv II water relative to the control (Koo and
Zekri, 1989). The noticeable amount of P added through
Conserv II water (Table 3) was reflected in the leaf mineral
composition (Fig. 2). Leaf N, P, and K concentrations were
lower in 1992 presumably due to the very heavy fruit crop
on the trees. The amounts of B, Na, and Cl added through
Conserv II water were also reflected in leaf mineral status.
Although leaf B, Na, and Cl contents from trees irrigated
with reclaimed water were twice as high as those from trees
irrigated with well water, they are still below the toxicity
levels for citrus (Embleton et al., 1973).
Similarly, in other studies, irrigation with municipal

wastewater increased tissue mineral concentrations of
plant crops. Effluent irrigation water increased P in plant
tissues of several vegetables (Neilsen et al., 1989b) and in
creased leaf P more consistently than N and K for apple
trees (Neilsen et al., 1989c). Irrigation with wastewater in
creased petiole P, K, and Ca, but decreased Mg in grape
trees (Neilsen et al., 1989a) and increased leaf N, P, K, B,
and Mn concentrations, but decreased leaf Mg and Ca con1993.

0.12

0L

42
81

zMean ± SD. 1 acre inch = 27,154 gallons; 1 gallon = 3.785 liters. 1 liter
of water = 1 kilogram = 2.205 pounds (lb). 1 acre inch = 27,154 x 3.785
x 2.205 = 226,625 lb. To convert from ppm (part per million) in irriga
tion water to lb/acre, multiply by 0.2266 = (226,625/1,000,000) and by
the number of acre inches of irrigation water applied per year.
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Fig. 2. Leaf mineral composition of 'Hamlin' orange trees as influenced
by irrigation with Conserv II and well water.
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centrations of sweet cherry trees (Neilsen et al., 1991). In
creased tissue Na levels were also found in agronomical
crop plants growing on wastewater sites (Campbell et al.,
1983) and accumulation of N, P, and K in plant materials
occurred in effluent treated cotton (Feigin et al., 1984).
Leaf N, P, Fe, and B concentrations were also found to be
substantially higher in peach trees irrigated with treated
municipal wastewater than those in the controls (Basiouny,
1984). Despite the relative increase in concentration of
these minerals, no detrimental effects have been detected
and growth and yield have been improved in all of these
plant crops.

Soil chemical analysis. Soil pH and soil N, P, K, Ca, Mg,
and Na contents were higher in Conserv II blocks than the
controls in 5 of the 6 yr (Fig. 3). The higher N, P, K, Ca,
Mg, and Na contents in Conserv II blocks could be attri
buted to their higher concentrations in Conserv II water

as compared to well water (Table 1). Increased soil levels
of N, P, K (Feigin et al., 1984); P (Campbell et al., 1983);
Na (Neilsen et al., 1989a); P, K, B (Neilsen et al., 1991);
and P, Mg, K, Na, and Cl (Burton and Hook, 1979) were
also obtained when municipal wastewater was applied to
agricultural land. It is interesting to note that the addition
of nearly 500 lb per acre of Na through Conserv II water
(Table 3) had neither accumulated Na beyond 500 lb per

acre over the 6-yr period nor accumulated toxic amounts

of Na in the leaves (Fig. 2). Sodium ions are prone to leach
ing losses below the rootzone under central Florida condi
tions (well-drained deep sandy soil and abundant rainfall).
Although pH of Conserv II water was about one unit lower
than that of well water (Table 1), soil pH of Conserv II
blocks was consistently higher than the controls (Fig. 3).
This unexpected difference could be attributed to higher
accumulations of K, Ca, Mg, and Na in Conserv II blocks
as compared to well water blocks.
Tree evaluation and weed growth rating. Tree evaluation

included canopy appearance, leaf color, bloom, and fruit
crop. Overall, the Conserv II blocks had trees with denser
canopy, greener leaves, and heavier bloom and fruit crop
than the control blocks (Table 4). Weed growth was four
times higher in Conserv II blocks than in well water blocks
(Table 4). These relatively higher ratings for tree evalua
tion and weed growth in Conserv II blocks could be attri
buted to higher irrigation and higher nutrients from Con
serv II water as compared with well water. Higher weed
growth and cover in Conserv II blocks could also be attri
buted to more herbicide leaching caused by heavier irriga
tion in Conserv II blocks.

Conclusions

The Conserv II water has been of good quality because
it is very low in salt and heavy metal concentrations. The
use of Conserv II water can supply all the needs of P, Mg,
and B to citrus trees. Conserv II water can partially supply
N and K, but the quantification of its extent in reducing
N and K amounts from the fertilizer program should be
further investigated. The higher Na, Cl, and B levels in
Conserv II water as compared with well water have not
been a problem for citrus under central Florida conditions
because they have remained below toxicity levels. The in
crease in fruit weight (fruit size), weed growth, and fruit
production (Koo and Zekri, 1989), but the reduction in
soluble solids in the juice of Conserv II treatment relative
to that of well water, is not attributed to the quality of
Conserv II water but due to heavier irrigation of Conserv
II blocks. In general, no detrimental effects were found
after 6 yr of continuous heavy applications of reclaimed
Conserv II water to citrus trees in central Florida.

^3000 £2000

Table 4. Tree evaluation and weed growth rating.2
Parameter

Tree evaluation
— Canopy appearance

4.3 ± 0.2

4.6 ±0.1

4.2 ± 0.2

4.5 ±0.1

— Bloom

3.4 ±0.1

4.0 ±0.1

— Fruit crop

4.0 ± 0.2
0.7 ± 0.1

4.3 ±0.1

zMean ± SE (standard error).

1987

1988

1989

1990

1991

1992

Fig. 3. Soil chemical analysis as influenced by irrigation with Conserv
II and well water.
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Conserv II

— Leaf color

Weed growth

1986

Well Water

Standards:

Canopy appearance

Leaf color
Bloom and fruit crop
Weed growth

2.8 ±0.1

1-5 poor to good (dense)
1-5 pale green to dark green
1-5 light to heavy
0-5 light to dense
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EFFECTS OF THREE WATER SOURCES ON THE INCIDENCE OF
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Abstract. Four plots in an east coast grapefruit grove were
monitored for the incidence of Rio Grande Gummosis for 2
years. The trial compared irrigation with 2 levels of water
quality; deep well water (approximately 1400 ppm total dis
solved solids [TDS]) and shallow well water (approximately
800 ppm TDS), applied by drip and microsprinkler. Individual
trees within each plot were rated twice per year. Only actively
gumming trees within each plot were rated for Rio Grande

'Retired.
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Gummosis. These plots were compared with a grapefruit
grove in another location, irrigated with lake water (approx
imately 125 ppm TDS), where symptoms of Rio Grande Gum
mosis had never been observed.

Rio Grande Gummosis (RGG) was first reported as
"Gummosis" in California in 1875 and Florida in 1876
(Childs, 1978a). In 1945 Godfrey described what he con
sidered a new disease in Texas as "Rio Grande Gummosis,"
and this name has since become widely accepted (Godfrey,
1945). Although it has been reported to occur on oranges,
it occurs most frequently on lemons and grapefruit (Knorr,

1973). Grapefruit trees affected with RGG are at least 10
to 15 years of age and show profuse gumming from pockets
or vertical cracks on the trunk and large limbs. Other visual
symptoms often include dull green foliage and lack of flush

which may occur on a quadrant or the entire tree. In severe
cases, limb dieback can be observed. Internal gum pockets
in the roots have been described (Childs, 1978b).
Various fungi, psorosis, and chlorides have all been
proposed as possible causal agents (Childs, 1950; Godfrey,
1946). A high incidence of RGG on poorly drained land
was reported from the lower Rio Grande valley where poor

drainage is synonymous with salinity (Apple et al., 1947),
and association of RGG with chlorides was mentioned by
Calvert (1973) and Childs (1978a).
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