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Abstract

A comparisonismadeof thewater efficiency of twotypesof drip-irrigation systemsand onemicro- and onefloodirrigation system,
using nutrient-enriched water, in the production of selected vegetable and maize crops. Results showed the micro- and drip-
irrigation systemsto bethemost economical intermsof water usage. Of these, thedrum-drip-irrigation systemwasthe most efficient
and probably the system of choice to be developed further for community-based sustainable food production systems in

predominantly rural areas of South Africa.

Introduction

Calculations of South Africa’ s potential surface and underground
water resources revealed that this country can only support
80m. people, andthat |arge-scal eshortagesof food can beexpected
under such conditions. Thismay thenleadtotheoutbreak of serious
nutritional diseases, especially amongst the country’s rural com-
munities (Frankish, 1978; Kirsten, 1974; Steyn et al., 1995).

Although the agricultural output of South Africa can poten-
tially increase much more to meet the demand for food for the
immediate future, the ultimate constraint in the long term will
remain the availability of water and its optima use. With an
average annual precipitation of approximately 497 mm (which is
well below the world average of 860 mm), storage dams are
continuously being constructed to retain some of the surface runoff
water to meet the increasing demand for domestic, industrial and
agricultural use. Although it has aready become necessary to
recycle water for industrial purposesin some parts of the country
because of the shortage of water, there still remains considerable
scope for extending the food production potential of water avail-
abletoagriculture. Oneway toachievethisistointegrateaquaculture
with traditional agricultural practices, where the same water can
first be used to grow fish before being used to irrigate crops. The
contribution of aquaculture towards food production in South
Africa, however, isat this stage still insignificantly small, with an
estimated income of about R18 m. per year (DWAF, 1996).

One of the first serious attemptsin South Africa at the devel-
opment of a community-scale poultry-fish-vegetable integrated
aquaculture-agriculture system aimed at sustainable food produc-
tion in rura areas, was that of Prinsloo and Schoonbee (1987).
Nutrient-enriched wastewater from duck-fish ponds was used to
successfully produce a variety of vegetable crops. Yields were
significantly higher using thiswater compared to those of the same
type of vegetablesirrigated with freshwater. Since then, anumber
of similar vegetable production trials were undertaken using
wastewater from water-recirculating intensive fish production
systems which, in some cases, was again reused for integrated
poultry-fish production prior toitsutilisation asirrigation water for
vegetableproduction (Prinslooetal ., 1999a,b,c,d). Thesamewater
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was then used to evaluate the efficiency of four different methods
of irrigation in the production of selected agricultural crops.

Inthispaper theefficiency of drip, drum-drip, micro- and flood
irrigation systems, using nutrient-enriched water in the production
of cabbage, spinach, lettuce, beetroot, carrots, green beans and
maize is compared.

Materials and methods
Irrigation water used

Two types of nutrient-enriched irrigation water were used for the
drip, drum-drip and micro-irrigation systems and for flood irriga-
tion, respectively. In the first case, nutrient-enriched wastewater
was obtained from a recirculating intensive fish production unit
stocked with tilapia Oreochromis mossambicus (Peters) and the
sharptooth catfish Clariasgariepinus(Burchell) at densitieswhich
ranged between 200 and 400 fish/m?® of water (unpublished data).

This same water was al so pumped into integrated fish-poultry
ponds where chicken sheds were suspended over the fish ponds
which then received afurther enrichment of thewater asaresult of
thenutrientsemanating from chicken droppingsand waste chicken
food (Prinsloo et al., 1999d). This water was used in the flood
irrigation programme. Physical and chemical analyseswereunder-
taken on both types of water during both the summer and winter
crop production cycles.

Physical and chemical conditions of waste water

Asmentioned, routine physical and chemical analyseswereunder-
taken on the two types of wastewater used for irrigation purposes
during both the summer and winter crop production periods.
Analyseswere performed according to standard international pro-
cedures (Standard Methods, 1995). Water temperatures (°C) were
measured using Thies hydro-thermographs. Dissolved oxygen
concentrations (mg/{) of the wastewater were determined using an
oxy 92 meter. pH values were determined with a portable Hanna
8244 pH meter. The electrical conductivity (LS/cm) was recorded
with aHanna HI 8633 conductivity meter. Ammonia(NH,-mg/e),
nitrite (NO,-mg/¢), nitrate (NO,-mg/¢), orthophosphate (PO,-
mg/t), aswell asturbidity (NTU) wereall determined usingaHach
spectrophotometer. Mean values, as well as ranges for each
parameter, were determined and tabulated.
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Plate 1 (top left)
Vegetables under drip-irrigation

Plate 2 (top right)

Six different vegetable crops under micro-sprinkler irrigation

Plate 3 (bottom left)

A drum-drip irrigation unit showing the three irrigation lines leading from each drum

Irrigation systems employed

Asmentioned earlier, four types of irrigation systemswereinves-
tigated. Three of these required comparatively small volumes of
water namely:

e A commercialy available 1.5 kPaHydrodrip || integral lateral
drip system provided with in-line 375 mm Super Amiadfilters
to remove solids from the wastewater and to prevent blocking
of the drippers.
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Plate 4 (bottom right)

Flood irrigation of vegetables using nutrient-enriched water from

an integrated fish-poultry production unit

A self-designed drum-drip system consisting of a 200 ¢ drum
fitted withavalveand threelinesof 30 mm plastic tubing20 m
inlength each and punctured at 300 mm intervalswith 0.3 mm
sized perforations.

A Rondo medium-rangemini sprinkler whichwasemployed as
athird alternative of low dosage water irrigation system. The
sprinklers were evenly spaced at distances of 1.5 m along the
water distribution lines.
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TaBLE 1
WATER QUALITY ConDITIONS OF THE IRRIGATION WATER FROM WATER RECIRCULATING INTENSIVE FisH ProbucTioN UNITS, USED
DURING THE SUMMER-AUTUMN VEGETABLE PRrRobucTion CycLE (DecemBER 1996 - ApriL 1997)
Analysis Consecutive months (December 1996 - April 1997)
December January February March April
N=1 N=5 N=4 N=2 N=1
Temperature (°C) X 242 245 254 20.2 20.0
range (23.1-25.7) (23.5-27.4) (19.9-20.4)
Dissolved oxygen (mg-(%) x 10.7 89 12.3 4.4 49
range (6.1-10.9) (8.5-17.2) (3.8-5.1)
pH X 9.84 7.32-9.41 9.05-9.54 7.00-7.04 7.88
range
Conductivity (uS-cm'?) X 137.0 135.6 124.2 155.5 156.0
range (133.0-139.0) (114.0-140.0) (155.0-156.0)
Ammonia (NH, mg-£") X 0.85 1.22 0.53 3.93 248
range (0.70-1.69) (tr-0.98) (3.11-4.76)
Nitrite (NO, mg-¢?) X tr 0.448 0.347 0.883 0.762
range (0.356-0.578) (tr-0.611) (0.611-1.155)
Nitrate (NO, mg-¢?) X tr 7.82 5.86 12.3 9.2
range (7.00-8.80) (tr-8.80) (11.4-13.2)
Orthophosphate (PO, mg-£?) X 8.09 10.501 15117 8.912 0.450
range (5.845-16.375) (12.450-17.925) | (4.650-13.175)
Turbidity (NTU) X - 332 35.2 41.0 80.0
range (20.0-51.0) (21.0-50.0) (32.0-50.0)

¢ Floodirrigation wasemployed using a50 mm diameter plastic
pipefitted with avalve. Water was siphoned from each pond
and discharged into the different vegetable plots.

Size of plots and crops cultivated

The drip-irrigation system consisted of a 600 m? unit made up of
12 x 50 m rows. The complete drum-drip system was made up of
3 units, each with 3 rows of 20 m in length. The surface area
covered by one such system was 180 m?2. The micro-irrigation
system comprised 3 units of 10 rows each of 35 min length and
covered atotal surfaceareaof 1050 m?. Theflood irrigation system
consisted of 5 units of 15 rows each, covering 10 min length with
atotal surface area of 750 m?. Any one of these systems could be
expanded depending onthespecific needsof particular agricultural
crops and water availability.

Sevendifferent crops, including maize, were planted under one
or more of the four different irrigation systems. Cabbage, spinach,
lettuce, green beans and maize were cultivated under drip-irriga-
tion. In the case of drum-drip-irrigation, carrots were added to the
list. Micro- and flood irrigation had atotal of seven different crops
which included cabbage, spinach, lettuce, beetroot, carrots, green
beans and maize.

A standard chemical fertiliser programmewasfollowed for all
vegetable plots, irrespective of the type of water used.
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Harvesting of crops

All cropswereharvested and weighed at theend of each production
period. In the case of cabbage, carrots and beetroot, excessive
leaves were first removed. In the case of maize, two production
cyclesunder thedifferent irrigation systems, wereinvestigated. In
one cycle, green mealies (cobs) and in the other cycle the produc-
tion of dry maize grain was evaluated.

Evaluation of water usage efficiency of the various
irrigation system

The total volumes of water used by each of theirrigation systems
over a period of irrigation time, were accurately determined to
obtaintheefficiency intermsof water usage by particular systems.
Inthe case of thedrip-irrigation system, anumber of dripperswere
sel ected at random and the quantitiesof water discharged werethen
collected and measured. A calculation was then made of the total
number of drippers in use over the total surface area and for the
duration of the irrigation time. A similar procedure was followed
forthemicro-irrigation system. Inthecaseof thedrum-drip system,
the calculation was relatively simple as the total volume of water
used could beaccurately determined. For thefloodirrigation, there
was a constant flow of water through the pipe. Theirrigation time
for each vegetable plot could then be used to cal culate the actual
volume of water used for a specific duration of irrigation.

During sufficient precipitation in summer, therewasnoirriga-
tion. This was taken into consideration in the calculation of the
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TABLE 2
WATER QUALITY CoNDITIONS OF THE IRRIGATION WATER FROM WATER RECIRCULATING INTENSIVE FisH ProbucTion UNiTs, USED
DuriNG THE WINTER-SPRING VEGETABLE PrRobpUCTION CYCLE (MAY - SEPTEMBER 1997)
Analysis Consecutive months (May - September 1997)
May June July August September
N=4 N=3 N=5 N=2 N=3
Temperature (°C) x 17.2 134 13.8 14.2 184
range (13.9-22.4) (12.5-14.4) (11.8-15.4) (11.9-16.6) (16.6-19.9)
Dissolved oxygen (mg-¢?) X 9.9 10.3 4.0 6.8 6.5
range (7.8-12.3) (10.0-10.8) (2.1-6.9) (6.3-7.3) (3.2-9.0)
pH X 8.22-8.98 8.73-9.15 6.63-7.03 6.80-7.13 7.02-9.15
range
Conductivity (uS-cm) x 1242 1110 1232 1105 1100
range | (112.0-133.0) (108.0-114.0) (109.0-144.0) (109.0-112.0)| (97.0-118.0)
Ammonia (NH, mg-t*) X 0.72 0.64 2.55 2.54 0.85
range (0.49-0.95) (0.51-0.78) (2.00-3.15) (1.63-3.45) (0.55-1.40)
Nitrite (NO, mg-£?) X 0.385 0.270 0.272 0.127 0.066
range | (0.363-0.416) (0.264-0.274) (0.198-0.356) (0.040-0.214) | (0.021-0.096)
Nitrate (NO, mg-¢?) X 4.85 5.10 7.74 7.05 4.53
range (1.80-7.00) (3.50-6.60) (5.30-13.60) (6.20-7.90) (2.60-5.70)
Orthophosphate (PO, mg-£*) X 4.706 5.393 6.400 4.069 4.561
range | (0.120-8.940) (5.030-5.795) (4.525-7.590) (3.908-4.230) | (4.065-5.188)
Turbidity (NTU) X 18.2 16.3 6.4 45 12.0
range (13.0-21.0) (8.0-21.0) (4.0-10.0) (4.0-5.0) (6.0-23.0)

actual volumes of water used for each irrigation system, between
planting and harvesting.

Toevaluatethe economy of water used by each of the systems,
a water conversion factor (WCF) was created, expressed as the
volume of water used to produce 1 kg of each specific crop. Inthe
case of green medlies, it was the volume of water used in the
production of 1 cab.

Results
Water chemistry of waste water used for irrigation

The physical and chemical conditions of the wastewater used for
thedrip, drum-drip and micro-irrigation during summer and winter
vegetable production cycles, are summarised in Tables 1 and 2.
A comparison of the summer and winter temperatures of the
water suggested amoderatel y warmwinter and mild summer. None
of the ponds, during any of the months, showed anoxic conditions
toprevail inthe pond water. L owest mean winter dissolved oxygen
(DO) valueswere measured in June (4 mg/¢) (Table 2). In summer
the lowest mean DO concentrations occurred in March (4.4 mg/t)
and April (4.9 mg/t) (Table 1). The pH of the nutrient-enriched
water seldom declined below 7 (June and July in Table 2) and
generally remained alkaline during both vegetable production
cycles. Conductivity values suggested a dlight build-up of dis-
solved solidsin thewater during summer with amaximum val ue of
156 pS/cm during March and April. In the winter cycle there was
in fact a decline towards the end of the winter production cycle
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probably due to the addition of freshwater to the reservoir ponds.
The concentrations of ammonia, nitriteand nitrate were not exces-
sively high during either of the two seasons with individua and
mean ammonia levels seldom exceeding 4 mg/t. The soluble
reactive phosphorus (orthophosphate) concentrationswere clearly
highest during the summer production cycle, with mean and
individual phosphate concentrations exceeding 10 mg/¢ during
January, February and March (Table 1). Theirrigation water was
also more turbid during the summer months.

Thewater chemistry of thewastewater used for flood irrigation
issummarised in Tables 3 and 4. In terms of temperature and DO
conditions, the values were very similar to those recorded in the
wastewater reservoir used for the drip- and micro-irrigation pro-
grammes. Mean water temperatures exceeded 11°C during all
the winter months, and DO concentrations never declined below
2 mg/t. In fact, in most cases the wastewater used during both
seasons was generally well oxygenated, despite the organic loads
released into these waters. pH al so declined only on two occasions
toslightly below 7 (March, Table 3 and July, Table4). Conductiv-
ity values, reflecting the amount of solids in the flood irrigation
water weredlightly higher during both winter and summer thanwas
the case for the drip- and micro-irrigation water (compare Tables
3 and 4 with Tables 1 and 2). Concentrations of ammonia, nitrite
and nitrate were generally similar to those of the drip- and micro-
irrigation waters with no excessively high individual or mean
values recorded for any of the months concerned. The values of
solublereactive phosphorus (orthophosphate) al so showed highest
concentrations during some of the summer months with a mean
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TaBLE 3
WATER QUALITY ConDITIONS OF THE FisH PonD WATER Usep DURING THE SUMMER-AUTUMN CycLE HousINGg THE LAYING HENs OVER
A Periop oF Five MonTHs (DecemBER 1996 - ApriL 1997)
Analysis Consecutive months (December 1996 - April 1997)
December January February March April
N=5 N =25 N =20 N =10 N=5
Temperature (°C) X 220 230 239 189 18.8
range (21.8-22.1) (21.3-24.7) (21.4-25.9) (18.7-19.2) (18.1-19.0)
Dissolved oxygen (mg-£1) X 11.6 7.8 10.1 7.1 6.7
range (11.1-11.8) (4.2-11.8) (7.5-13.5) (4.1-8.5) (4.89.2)
pH X 8.89-9.79 7.11-9.20 8.15-9.30 6.98-7.80 7.77-8.65
range
Conductivity (uS-cm?) X 169.8 180.6 131.3 165.0 158.6
range | (150.0-209.0) (131.0-269.0) (113.0-138.0) (142.0-183.0) | (142.0-180.0)
Ammonia (NH, mg-¢?) X 0.83 0.75 0.40 2.83 0.49
range (0.37-1.46) (0.37-4.33) (tr-1.34) (0.43-5.74) (0.40-0.59)
Nitrite (NO, mg-t?) X tr 0.127 0.043 0.354 0.022
range (tr-tr) (0.007-0.574) (tr-0.330) (tr-0.891) (0.010-0.046)
Nitrate (NO, mg-£?) X 0.1 6.5 6.1 6.3 7.2
range (tr-0.5) (4.8-8.8) (tr-17.6) (4.4-8.8) (6.2-9.2)
Orthophosphate (PO, mg-¢?) X 6.688 16.627 17.963 11.273 0.905
range | (4.985-9.010) (3.480-54.750) | (11.613-34.175)| (7.775-21.225) | (0.525-1.250)
Turbidity (NTU) X - 79.2 69.1 65.3 63.0
range (36.0-114.0) (31.0-139.0) (56.0-79.0) (42.0-82.0)

peak of 17.96 mg/¢ during February (Table 3). The water was
slightly more turbid during the summer months.

Vegetable production

Cabbage production during both seasons for all four types of
irrigation exceeded the average for agriculture in South Africa
(Coertze, 1996). The best crops were obtained by means of the
summer drip-, micro- and flood irrigation systems, where amean
production of more than 10 000 kg/1 000 m? land was produced
(Table 5).

Spinach production was clearly superior to the mean agricul-
tural production recorded for all four types of irrigation. Best
lettuce production was obtained for the winter flood irrigation
system with a production of 4 294 kg/1 000 m? compared to the
agricultural averageof 1500kg. Themean production of |ettucefor
agriculture (Table 5) was also exceeded by the micro-irrigation,
winter drum-drip and winter drip-irrigation systems respectively.
Only inthe summer drum-drip-irrigation wasthe mean production
dightly inferior to the agricultural average namely 1 310 kg/1 000
m?. Beetroot was only produced under micro- (both seasons) and
flood irrigation systems (winter season). Superior results were
obtained for the summer micro- and winter flood irrigation systems
when the production exceeded more than 4 000 kg/1 000 m2. The
winter micro-production for beetroot was disappointingly low
(1 179 kg/1 000 ).

Carrots were produced with the drum-drip (summer), micro-
(winter) and flood irrigation systems (both seasons). The winter
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micro- andfloodirrigation yielded superior crops, exceeding 6 000
kg/1 000 m? land in both cases. Green beanswere produced during
the summer seasonsin all four types of irrigation systems. Produc-
tionwasonly slightly higher than the agricultural average of 1 000
kg/1 000 m? in the case of the drip-, micro- and flood irrigation
systems. Yields obtained using the drum-drip irrigation system
were, however, clearly lower with 867 kg/1 000 m2.

Extremely promising resultswereobtained withgreenmealies,
providing ayield of more than 5 000 cobs/1 000 m? in the case of
drip-, drum-drip and flood irrigation systems, compared to the
agricultural average of 2 500 cobs (Oosthuizen, 1995). Eveninthe
case of themicro-irrigation system, ayield of 4 446 cobs/1 000 m?
was achieved. Dry maize grain was produced by using the drip,
drum-drip and flood irrigation systems during the summer season
only. Thedrum-dripirrigation systemyielded 1 044 kg/1 000 m? of
land followed by 922 kg/1 000 m? for flood irrigation, with the
lowest yield of 620 kg/1 000 m?for drip-irrigation, comparedtothe
agricultural average of 748 kg/1 000 n.

Evaluation of the water utilisation efficiency of the
various irrigation systems

Cabbage, spinach and maize (cobs) were evaluated in terms of
water used to produce 1 kg or 1 cob (Table 6). Lowest volumes of
water to produce 1 kg of cabbage were achieved using the drip-,
drum-drip and micro-irrigation systems (Table 6). Only 8.6 ¢ of
water was required with the drum-drip-irrigation to produce 1 kg
of cabbage, compared to 178 ¢ in the case of flood irrigation. An
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TaBLE 4
WATER QuALITY ConpITIoNs OF THE FisH Pond WATER Useb DuRING THE WINTER-SPRING CycLE HousING THE LAYING HENS OVER A
PerioDp oF Six MonTHs (MAY - OcToBer 1997)
Analysis Consecutive months (May 1996 - October 1997)
May June July August September October
N =20 N=15 N =30 N =10 N =10 N=5
Temperature (°C) X 14.0 11.3 12.2 12.0 16.7 18.5
range (10.4-18.9) (9.9-12.8) (9.8-15.4) (9.7-14.4) (13.7-20.1) (18.3-18.6)
Dissolved oxygen (mg-£?) X 10.0 8.0 10.0 95 6.5 5.2
range (6.7-13.3) (6.3-9.3) (2.6-14.4) (5.1-12.9) (3.1-10.0) (2.1-7.8)
pH X 7.78-9.75 7.07-8.96 6.88-9.32 7.02-8.90 7.07-8.94 7.28-9.31
range
Conductivity (uS-cm?) X 146.2 149.9 147.5 149.9 138.8 178.8
range | (137.0-165.0) | (130.0-175.0) | (120.0-183.0) | (124.0-204.0) | (110.0-166.0) | (118.0-245.0)
Ammonia (NH, mg-¢*) X 0.79 0.99 213 211 177 4.17
range (0.08-1.20) (0.73-1.35) (0.16-6.20) (1.12-5.40) (0.98-3.22) (1.06-7.98)
Nitrite (NO, mg-£*) X 0.218 0.106 0.104 0.070 0.369 0.0006
range | (0.007-0.343) | (0.009-0.201) | (0.013-0.231) (tr-4.000) (tr-3.301) (tr-0.017)
Nitrate (NO, mg-¢*) X 2.28 151 1.09 357 5.29 5.36
range (0.90-7.50) (tr-6.60) (tr-7.00) (tr-10.60) (1.80-8.00) (3.10-8.80)
Orthophosphate (PO, mg-¢*) X 4,737 8.217 7.280 3.463 5.069 6.801
range | (0.098-10.910) | (5.935-10.390) | (3.253-10.085) | (2.208-3.988) | (2.738-8.815) | (3.625-10.360)
Turbidity (NTU) X 30.6 395 56.6 62.9 44.9 64.4
range (18.0-45.0) (27.0-62.0) (12.0-102.0) (16.0-94.0) (12.0-63.0) (24.0-112.0)

amost similar situation existed where spinach was produced
under drum-drip, micro- andflood irrigation, where 37 to 39 of
water was required for drum-drip and micro-irrigation to pro-
duce 1 kg of spinach compared to 617 ¢ in the case of flood
irrigation. In the case of maize production, the quantities of
water used by the drip-, drum-drip and micro-irrigation systems
to produce 1 cob were significantly lower than the volume of
water used under flood irrigation, with alowest volume of 15.9
{/cob (drum-drip) compared to 405 ¢/cab (flood irrigation).

Discussion

A number of vital problemsexist concerning themost economic
utilisation of our available water resources for domestic, agri-
cultural andindustrial usein South Africa. Apartfromageneral
scarcity in areas where water is mostly needed, in particular in
the densely populated rural regions of the country, thereisaso
a serious demand for the most economical production of good
quality animal protein and vegetablesto providein the essential
nutritional needs of the inhabitants.

Numerousinvestigations have been madeinto the practical
application and economicsof varioustypesof irrigationwater in
agriculture(FisherandNel, 1990; Eckardetal ., 1991; Oosthuizen,
1991; Van der Ryst, 1991; Van Riet et al., 1994; Walker et a .,
1995). Little has, however, been done to assist the small-scale
rural farmer in the most viable and beneficial use of the limited
quantities of water available for sustainable food production.
This is especially the case where the re-utilisation of water in
agriculture is concerned. The present study aimed at providing
some directives for the implementation of community-scale
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integrated fi sh-cum-poultry-cum-crop production in which differ-
ent alternatives of low-volume application of nutrient-enriched
water to vegetable crops are compared interms of their production
potential. Nutrient-enriched water enabled crop yields which ex-
ceeded, inthemajority of examples, theaverageyieldsobtained for
some selected crops in agriculture (Oosthuizen, 1995; Coertze,
1996). The actual contribution of nitrogen and phosphorusin the
irrigation water, although not specifically evaluated, at least par-
tially accounted for the favourable production results recorded
during this investigation.

In terms of the most economical use of water in crop produc-
tionsexpressed asWCFi.e. to produce 1 kg vegetablesor 1 mealie
cob, thedrip-, drum-drip aswell asthemicro-irrigation systemsall
clearly showed these alternatives to be someirrigation systems of
choicefor rural crop production whereascarcity of water exists, in
contrast to thevolumes of water requiredinfloodirrigation (Table
6). Of these, the drum-drip system, whichisof simpleconstruction
and, in its operation, was especially economical for crops such as
cabbage and maize with WCFs of 8.6 and 15.9 ¢, respectively.

Shortcomingsof themicro- and drip-irrigation systemsmainly
lie in the clogging of drippers and nozzles by suspended solids
present in the nutrient-enriched irrigation water. This specific
problem was overcome by the incorporation of standard in-line
filterswhich were routinely cleaned during the irrigation process.
This prevented any blockages of the water supply lines. However,
the continuous medium- to long-term application of nitrogen- and
phosphate-rich irrigation water from integrated aquaculture-agri-
culture systems appeared to have some negative effects on soil
conditions. This aspect requires further investigation, especially
where thistype of effluent water isused in flood irrigation where
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concentrations of soluble reactive phosphorus in the nutrient-

much larger volumesof water arerequiredintheirrigation process.

enriched irrigation water. The very fact that elevated pH levelsin

the sandy soilsmay exceed thelimitsfor optimal crop production,

Investigationsshowed that thesoil of theagricultural landat the
ARU is of asandy-loam nature with a clay content of 11% and a
66% sand. It has a very rapid hydraulic conductivity and all pH
valuesof thesoilsremained acidicfor all theirrigation plots. There

particularly so in the flood- and micro-sprinkler irrigation plots,

suggests that the long-term continuous use of nutrient-enriched

water on the soils may well become detrimental to the cultivation

is no apparent relationship between soil pH and the amount of

of vegetable crops. In order to rectify this problem, the application

phosphoruspresentintheparticul ar irrigation soilswhichmay well

of EM technology (effective micro-organisms) (Prinsloo et al., in

be affected by the continuous applications of abnormally high
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TABLE 6
WAaTeR ConversioN FacTor (WCF) For THE SUMMER PRrRobuc-
TION OF CABBAGE AND SPINACH (¢/kg) AND MEALIES (¢/coB)

Irrigation WCF* for the various summer crops
systems (in ¢kg except for mealies = ¢/cob)
Cabbage Spinach Mealies
Star 3301 (Fordhook (cobs)
giant) (TX9)
Drip (1.5 bar) 16.1 - 38.1
Drum drip 8.6 38.7 159
Micro 10.9 371 30.3
Flood 178.3 616.9 405.2

* Values excluding rainfall.

preparation) to restore the chemical and microbia imbalancesin
these soils, have already been implemented.
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