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Disclaimer

In compiling the information contained in this publication, Potatoes South Africa has used its best endeavours to ensure that the
information is correct and current at the time of publication. However, no representation is made or warranty given as to the
completeness or accuracy of such information. In particular, you should be aware that information may be incomplete, may contain
errors or may become out of date.

Information provided is not intended to convince or influence the user thereof to come to a particular conclusion, and decisions
made based on such information are the sole responsibility of the user of that information. You should therefore verify all information
before you act upon it, and Potatoes South Africa and its employees, agents and consultants do not accept any legal liability for your
decisions and resultant consequences thereof. By using or relying on this information, you indemnify Potatoes South Africa and its
employees, consultants and agents from any loss or damage (including indirect, special or consequential loss or damage) resulting
from the use of or reliance of such information, whether or not caused by any negligent act or omission.

Any expressions of opinion, claim and statement of supposed facts in this publication do not necessarily reflect the views of the staff
or management of Potatoes South Africa. This publication and its contents are subject to copyright under the laws of South Africa
and, through international treaties, other countries. The copyright is owned by Potatoes South Africa, or in the case of third party
materials, third parties.

You may use the information in this publication only for your own information, research or study. You may not copy, reproduce,
transmit, adapt or otherwise exercise the copyright (in whole or in part) of this publication for any commercial or other purpose
without the express written consent of Potatoes South Africa, and may only do so subject to the conditions to which such consent is
given.
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SUMMARY

A study was conducted over two growing seasons, at two different locations, to determine the influence of row
spacing/drip-line placement, emitter spacing and irrigation frequency on tuber yield and size distribution, as well as
tuber quality and soil water potential. The first of the two trials was conducted during the summer season of
1999/2000 in the Eastern Free State, near Fouriesburg (28° 62" South, 28° 2’ East), while the second trial was
conducted during the winter season of 2000 in the Limpopo Province, near Dendron (23° 22" South 29° 19’ East).
For the Fouriesburg trial, two different row spacings were used, namely single row spacing (800 mm apart) and
double row spacing (1600 mm apart). In the case of the single row spacing, a drip line was used for each plant row,
while for the double rows one drip line was used for two plant rows (450 mm apart) on a ridged bed. Therefore, the
number of drip lines per hectare for the single rows was twice that of the double rows. For each row spacing
treatment, two methods of fertigation were used, i.e. daily and weekly fertigation, along with two methods of drip
irrigation, i.e. non-pulse irrigation and pulse irrigation. Irrigation scheduling was done by means of the soil water
balance simulation model (SWB).

The main treatments during the 2000 winter season were changed to include two dripper lines on double rows
(ridged bed with two potato rows), to provide better water distribution within the soil profile. Three different row
spacings/drip-line placements were then used, namely single row spacing (800 mm apart) with a drip line for each
plant row; double row spacing (1600 mm apart) with one drip line placed between two plant rows (450 mm apart)
on a ridged bed (double #1); and another double row (1600 mm apart) with two drip lines (one for each plant row)
(double #2). Two emitter spacings were used, namely 0.4 m and 0.6 m, along with pulse and non-pulse irrigation.

The effect of row spacing and drip-line placement on tuber yield was similar for both seasons. Single row-spacing
treatments out-yielded the double row spacing. In the case of the Fouriesburg trial, the yield with the single row
treatment was 65.9%, 52.6%, 36.7% and 27% higher than the yield with the double rows, in the large, medium,
marketable and total yield classes respectively. With the Dendron trial of 2000, it was clear that the tuber yield from
the single row-spacing treatment in almost all size classes surpassed the yield from the double #1 and #2
treatments.

Although no significant differences were observed between the single and double #2 row treatments in terms of
marketable yield, the single row treatment yielded 12% more than the double #2 treatment, and 27.8% more than
the double #1 treatment.

The average marketable yield from the single row treatment for both seasons was 15.44 t ha-' (31.5%) higher than
the average from the double row treatment. The additional drip-line cost for the single rows was R15 625-00 per
hectare (@ R2-50 /m). At an average market price of R1200-00 per ton (~anno 2000), the cost of the extra drip-
lines at the single rows could be recovered within the first production season. According to the results, the use of
single row spacing with one drip-line placed at each plant row was found to be the best configuration overall.

Regarding irrigation frequency (pulse vs. non-pulse), no consistent differences were observed during this study.
Due to the fact that readings of soil-water potential were only taken on one replication, no consistent observations
were made. However, SWP readings overall were extremely high (value closer to zero kPa) during both seasons,
indicating a relatively wet soil-water status.
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OPSOMMING

Die invloed van ry-spasiéring en drupperlynplasing op die prestasie van aartappels, is gedurende twee seisoene in
twee produksiegebiede ondersoek. Die eerste van twee proewe is gedurende die somerseisoen van 1999/2000 in
die Oos-Vrystaat naby Fouriesburg (28° 62" suid, 28° 2' oos) uitgevoer, terwyl die tweede proef gedurende die
winter van 2000 in die Limpopoprovinsie naby Dendron (23° 22’ suid, 29° 19 oos) uitgevoer is. In die
Fouriesburgproef is twee ry-spasiéringbehandelings gebruik, naamlik: Enkelry-spasiéring (800 mm uitmekaar) en
dubbelryspasiéring (1 600 mm uitmekaar). By die enkelrye is daar ‘n drupperlyn vir elke plantry gebruik, terwyl by
die dubbelrye slegs een drupperlyn tussen twee plantrye (450 mm uitmekaar) op ‘n bedding geplaas is. Die aantal
drupperlyne per hektaar was dus twee keer soveel as by die dubbelrye. Vir elk van die twee ry-spasiérings is daar
twee metodes van sproeibemesting toegepas, naamlik: daaglikse sproeibemesting en weeklikse sproeibemesting.
Verder is daar ndg twee metodes van besproeiing toegepas, naamlik: pulsbesproeiing en nie-pulsbesproeiing.
Besproeiingskedulering is met behulp van die “Soil water balance” simulasiemodel gedoen.

Die ry-spasiéringsbehandelings in die winter 2000-proef is wysig om ‘n ekstra behandeling met twee drupperlyne
op ‘n dubbelrybedding in te sluit, sodat waterverspreiding op die dubbelrybedding beter sal wees. Drie verskillende
ry-spasiérings-/drupperlynplasing is gebruik, naamlik: Enkelrye (800 mm uitmekaar) met ‘n drupperlyn by elk,
dubbelrye (1 600 mm uitmekaar) met een drupperlyn tussen twee rye op ‘n bedding (dubbel #1), en ‘n addisionele
dubbelry met twee drupperlyne op ‘n bedding (dubbel #2). Twee drupperspasiérings, naamlik : 0.4 m en 0.6 m,
asook ’'n puls- en nie-pulsbehandeling is gebruik. Die invioed van ry-spasiéring-/drupperlynplasing,
drupperspasiéring en besproeiingsfrekwensie op knolopbrengs, grootte, verspreiding, knolkwaliteit en
grondwaterpotensiaal, is ondersoek.

Die invioed van ry-spasiéring en drupperlynplasing was bykans dieselfde vir albei seisoene: opbrengste by
enkelryspasiéring was deurgaans hoér as by die dubbelrye, met een drupperlyn tussen twee rye op ‘n bedding. By
die Fouriesburgproef was die opbrengs van die enkelrye 65.9 %, 52.6 %, 36.7 % en 27 % hoér as by die dubbelrye
vir groot, medium, bemarkbare en totale opbrengsklasse onderskeidelik. Gedurende die Dendron 2000-proef, was
dit duidelik dat die opbrengs van die enkelrye by bykans al die grootte klasse beter was as dié van die dubbel #1
en dubbel #2 rye. Hoewel geen betekenisvolle verskille in opbrengs tussen die enkelrye en dubbel #2 rye
voorgekom het nie, was die bemarkbare opbrengs van die enkelrye steeds 12 % hoér. Die bemarkbare opbrengs
van die enkelrye was 27 % hoér as die dubbel #1 rye spasiéring.

Die gemiddelde bemarkbare opbrengs van die enkelrye oor albei seisoene was 15.44 t ha-1 hoér as die dubbelrye
met een drupperlyn (dubbel #1), wat ‘n toename van 31.5 % is. Die addisionele drupperlynkoste van die enkelrye
was R15 625 per (~anno 2000), hektaar (@ R 2.50 m-1). Teen ‘n gemiddelde prys van R1 200 per ton aartappels,
word die ekstra drupperlynkostes van die enkelrye in die eerste produksieseisoen verhaal. Hierdie resultate dui aan
dat die gebruik van enkelryspasiéring met ‘n drupperlyn vir elke plantry, die beste was.

Wat besproeiingsfrekwensie betref, is geen konstante verskille tussen behandelings waargeneem nie. Lesings vir
grondwaterpotensiaal (GWP) was oor die algemeen baie hoog (waarde nader aan nul kPa), wat ‘n relatiewe nat
grondprofiel aandui. Geen duidelike tendense in GWP is waargeneem nie, hoofsaaklik omdat GWP slegs op een
herhaling gedoen is en gevolglik kon GWP nie gebruik word om die verskille in opbrengs tussen hoofbehandelings
te verklaar nie.
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INTRODUCTION

At the time of conducting this study, the total potato crop was cultivated on 53 746 ha, with a marketable yield of
160 million bags of 10 kg each, during the 2001 production season (PSA, 2002). Of this, 73.8% was cultivated
under irrigation, with an average yield of 32.96 t ha'. The average yield for dry-land potatoes was 20.82 t ha",
demonstrating the importance of irrigation in potato production.

Irrigation of agricultural crops constitutes the largest share of water consumption in South Africa (Stutzer, 2001;
Backeberg & Odendaal, 1998). As such, the agricultural sector is under increasing pressure to conserve water —
and this applies not only to large commercial irrigation enterprises, but also to small-scale and subsistence farmers.

Due to the growing demand for water, especially on the industrial and domestic fronts, the agricultural sector is obliged
to take greater care in the use of irrigation water, by means of more efficient methods. One way in which this can be
done is through efficient irrigation management by means of irrigation scheduling. According to Steyn, Du Plessis,
Fourie, and Hammes (1998b), the breeding and selection of potato genotypes that are more efficient in terms of their
water-use properties may be a long-term solution to the problem. The aforementioned authors found the cultivars
Mnandi and Late Harvest to be the best local cultivars in terms of water use efficiency at the time of their research.
However, these particular cultivars constitute less than 1% of the total area planted to potatoes, and therefore other
means of ensuring the more efficient use of irrigation water must be investigated.

Drip or trickle irrigation is one of the most effective methods of supplying water to crops (Bucks, Nakayama &
Warrick, 1982; Hartz, 1993; Hillel, 1987; Shock, Feibert & Saundes, 2000). It is well known that drip irrigation can
reduce water consumption if the proper management practices are followed (Hochmuth, 1996; Lochner, 1997).
This can be attributed to the fact that the evaporation component of evapotranspiration is much lower than in the
case of conventional sprinkler irrigation. Direct evaporation from the soil surface is minor, due to the smaller
surface area of soil to be irrigated, resulting in a 20-40% water saving (Du Plessis, Steyn, Fourie & Roos, 1998;
Hillel, 1987; Hochmuth, 1996; Lochner, 1997; Zekri & Parsons, 1989).

Lateral drip-line spacing and emitter spacing is obviously an important factor in terms of system costs, with a lower
ost involved in the wider spacing of both lateral lines and emitters in line. It is common practice among potato
producers in South Africa to place one drip line between two potato rows on a ridged bed, as a means to reduce
system costs. Previous pilot trials conducted at the Vegetable and Ornamental Plant Institute at Roodeplaat, near
Pretoria, showed a significant increase in tuber yields with the use of drip lines on each potato row, compared to
one drip line placed between rows on a ridged bed (Du Plessis, Steyn, Fourie & Roos, 1999).

A survey conducted by the Limpopo working group during January 2002 found irrigation scheduling to be the third
most important aspect in terms of potato production in the province. Moreover, most of the potato producers
involved in the survey revealed that they were not making use of any proven form of irrigation scheduling. A
possible reason for this trend could be a lack of easy, ready-to-use and reliable scheduling methods. The soil-water
balance simulation model (SWB) is a user-friendly computer model operating in the Windows ™ environment, and
is easy to use as an irrigation-scheduling tool. During this investigation, SWB was used as the irrigation scheduling
method, while simultaneously being evaluated for use in potato cultivation. The current study was initiated in
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response to the South African potato producers’ need for information on the best practices to apply in the use and
management of drip irrigation in general, as well as the economic implications of drip-line configuration in particular.

The aim of this study was to determine the effect of different row spacing configurations, used with regard to drip-
line placement, on the performance of potatoes in two different production areas.
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LITERATURE REVIEW

Worldwide, potatoes are recognised as being sensitive to water stress (Doorenbos & Kassam, 1979; Harris, 1978;
Mould & Rutherfoord, 1980; Porter, Opena, Bradbury, McBurnie & Sisson, 1999; Schapendonk, Spitters & Groot,
1989; Stieber & Shock, 1995; Van Loon, 1981; Van Loon, 1986). According to Curwen (1993) water is a major
constituent of the potato plant, making up 90 — 95% of green tissue and 75 — 85% of the tuber. Furthermore, under
optimal growing conditions, well-watered potato plants transpiring at an average rate will replace their entire water
content about four times per day. Should the water content of the plant decrease by 10% where the soil-water
content is limited, growth will slow down or even cease.

According to Van Loon (1981), water stress and high temperatures are the most important factors negatively affecting
the yield and quality of potato tubers. Miller and Martin (1987) noted that tuber yield is reduced by water stress,
especially during the tuber bulking stage of plant growth. This reduction in yield was found to be due not to a
reduction in the total number of tubers, but rather a reduced tuber size. Struik and Van Voorst (1986) found that
drought reduced the number of harvestable tubers, not by reducing the number of tubers initiated, but by reducing
the number of tubers that reached a certain minimum size. Steyn et al. (1998b) found water stress to have a
negative effect on the yield of large and medium tubers of 14 different potato genotypes. This reduction in tuber
size due to water stress may be of less concern to seed producers, who usually produce seed pieces of small to
medium size. However, Steyn et al. (1998b) warned producers that the total tuber yield would also be reduced as a
consequence of water stress.

The reason for the susceptibility of potatoes to drought is not clear. Some authors believe that potatoes have a
poor and relatively shallow rooting system (Ekanayake & Midmore, 1992; Van Loon, 1986; Weisz, Kaminski &
Smilowitz, 1994) compared to a crop like maize, while Fulton (1970) published data that showed the opposite. It is
well documented that some physiological processes (stomatal behaviour, photosynthesis, transpiration) of the
potato plant are influenced negatively by soil water deficit and even with short periods of water stress (Du Plessis,
Steyn & Nortje, 1989; Du Plessis & Steyn, 1995; Dwelle, 1985; Rutherfoord & De Jager, 1975; Schapendonk et al.,
1989; Stark, 1987; Van Loon, 1981; Weisz et al., 1994). These authors found that in the case of water stress, the
rate of transpiration slows down as a result of the closure of the stomata. Du Plessis and Steyn (1995) found a
good correlation (r= 0.95) between potato tuber yield and photosynthetic rate under water stress conditions. No
matter what the mechanism for this susceptibility may be, it is evident that potatoes are highly susceptible to water
stress, even over short periods.

Drip or trickle irrigation is one of the most effective methods of supplying water to crops (Bucks et al. 1982; Hartz,
1993; Hillel, 1987; Shock et al., 2000). According to Hillel (1987), with drip irrigation, the wetted portion of the soil is
maintained in a constantly moist state and never allowed to be depleted or to approach the drained lower limit. This
unique and favourable soil water regime gives drip irrigation a distinct advantage over sprinkler and surface
irrigation, especially for sandy soils of low storage capacity and in arid climates where surface evaporation is high.

Soil-water potential is related to the soil-water content of a given soil, and is also referred to as “tension” or
“suction”, usually with a negative value. The soil-water content can only be calculated (using soil-water potential
measurements) once a soil water retention curve has been determined for that particular soil. Plant roots must
overcome the soil suction, or the attraction that soil particles have for water in the soil, in order to withdraw and use
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the water. The measurement of soil suction is a direct indication of the amount of work the plant roots must do to
get water from the soil. The lower the soil-water content (drier soil), the lower the soil-water potential (higher
negative value). One way of measuring soil-water potential (SWP) is through the use of a tensiometer, which
measures soil suction directly without calibration for soil type, salinity or temperature.

For soil-water tension, or soil suction, the standard unit of measurement is the kilo Pascal (kPa). This is a unit of
pressure (or vacuum) in the metric system and is approximately equivalent to one atmosphere or 14.5 Ib in2 (psi).
Most tensiometer gauges are calibrated in centibars, graduated from zero to 100. In these units of calibration a
tensiometer can operate in a range of 0 to 80 kPa. At a soil-water potential value of 0 (zero), the soil is saturated
with water, meaning that all macro- and micro-pores are filled with water.
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MATERIALS AND METHODS

LOCALITIES OF TRIALS

The first of the two experiments was conducted during the summer season of 1999/2000 in the Eastern Free State,
near Fouriesburg (28° 62’ South, 28° 2' East). The area is regarded as a potato production area with a moderate
climate during summer. The main planting period for this area is from October to December, depending on the
cultivar (length of the growing period), but the later the planting date, the higher the risk of early frost damage
during April.

The second trial was conducted during the winter season of 2000 in the Limpopo Province, near Dendron. The
main planting period for this area is from May to July. The Limpopo Province is one of two regions in South Africa
where potatoes can be produced during the winter months of the year. It is the largest potato production area in
South Africa, with an optimum climate during the early winter months. However, from time to time, sub-zero
temperatures (minimum) may occur during the mid-winter months, at which time rainfall is very low, as Limpopo is
a summer rainfall region.

CULTIVAR

For both trials, the local potato cultivar BP1 was used, due to it being the most popular cultivar at the present time.

AUTOMATED IRRIGATION

A mobile irrigation unit fitted with a pump, filtration system and a remote-controlled irrigation controller was built for
the purpose of these experiments (Figure 1). Water was applied by means of pressure-compensated Ram® drip
lines, with an emission rate of 2.3 [ h-".

A remote-controlled Gal Compact® irrigation controller equipped with solenoid valves was used to apply the
irrigation water. The irrigation controller was equipped with a cellphone modem and was programmed daily via
cellphone from the Vegetable and Ornamental Plant Institute situated at Roodeplaat (25° 35’ South 28° 21’ East),
in order to control the correct amounts of water and fertiliser for each treatment.

An automatic Campbell Scientific® weather station was erected at the trial site (Figure 2), from which weather data
was collected daily via telephone modem. The daily weather data was used to run the soil-water balance simulation
model in order to determine the daily water consumption of the potatoes.
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FIGURE 1. Mobile irrigation unit fitted with a pump (a), filtration system (b), remote-controlled irrigation
computer (c) and cellphone antenna (d).

FIGURE 2. Automatic weather station from which weather data was collected daily via telephone.
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OBSERVATIONS
Physical properties of soil

The gravimetric soil-water content (Im) (mass.mass-') at field-water capacity (FWC) was determined in situ for four
different soil depths, namely; 0-150 mm, 150-300 mm, 300-450 mm and 450-600 mm. Two dams were formed
prior to planting in the experimental area, by means of scraping soil from outside the dam to form the dam walls.
Each dam, which measured 1 m2, was then filled with 800 litres of water to saturate the profile, after which it was
covered with a plastic sheet to prevent evaporation. After 72 hours the plastic was removed and eight soil samples
were taken per dam (2 x 0-150 mm, 2 x 150-300 mm, 2 x 300-450 mm and 2 x 450-600 mm) using a soil auger.
The soil samples were immediately sealed in plastic containers and labelled.

The amount of water contained in a soil sample at a given time is referred to as the soil-water content. This can be
expressed in several different ways and so to avoid confusion, soil scientists have adopted a universal convention:
The gravimetric soil water content (i) is the mass of water expressed as a fraction or percentage of the mass of
the solid phase, after drying in an oven at 105°C for 12-16 h. [, and is thus expressed on an oven-dry basis. The
simplest determination of soil-water content is based on this concept.

The soil samples in this case were weighed moist, then placed in an oven at 105°C for 12 hours and weighed dry.
The difference in weight (mass of water) was then divided by the mass of the oven-dry soil sample and multiplied
by 100 to give the I percentage.

The bulk density at the same soil layers was also determined by digging a profile hole in each of the mentioned
dams. Undisturbed soil samples were taken by means of chromed steel cylinders with a known volume. The bulk
density of a soil can be defined as the mass of a unit volume of dry soil (Brady, 1984). Samples were dried together
with the gravimetric soil samples and then weighed, with the bulk density calculated from:
Ib = m/v
where:
Ib = Soil bulk density (g.cm=)
m = dry soil mass
v = sample volume (steel cylinder)

The volumetric soil-water content (volume.volume-') could then be calculated (Equation 1).
Equation 1:0, = (FWCqy x b x d)/100

where:
Oy = Volumetric soil-water content (mm)
FWC, = Gravimetric soil-water content at field capacity (%)
Ib = Soil bulk density (g.cm)
d = Soil layer depth (mm)

(/‘3) The effects of row spacing on drip-irrigated potatoes Page 13

potatoes
aartappeIsSA



Yield and size distribution

The mass of the total number of tubers, as well as the size distribution of the tubers, was determined for each
treatment at harvest. The size grading of tubers was done according to the commercial grading standards, namely:

Large (>200q)

Medium (100-200 g)

Small (50-100 g)

Extra small (<509)

Unmarketable  (tuber greening, mechanically, insect- or pathogenically damaged tubers)

The grading was done on-farm according to the producers’ standard. Overall, the yield of unmarketable tubers
depends on the pest- and disease-control programme followed during the production season, as well as the
harvesting and cultural practices.

Internal tuber quality

Internal tuber quality was measured as the specific gravity (SG) and frying-chip colour of tubers. The SG gives an
indication of the dry-matter content of the tubers. To determine SG, the method described by Logan (1989) and
Kincaid, Westermann and Trout (1993) was used.

A sample of ten medium-sized tubers from each treatment were randomly selected and weighed. The mass (mass
air) was noted. The same sample was weighed again in a bucket of water, and the mass (mass water) was noted.
In order to determine the SG of that sample the following calculation was done:

SG = Mass air/(Mass air — Mass water)

A specific gravity value higher than 1.075 is regarded as acceptable, especially for the processing industry. The
same samples used for SG determinations were used to determine the frying-chip colour. Five slices (1.5 mm thick)
were cut from the stem-ends of each of the ten tubers. The slices were rinsed in tap-water and dried with towels
before being fried in vegetable oil for 3-4 minutes at 190°C. The fried slices of potato (chips) were drained of
excess oil and allowed to cool. The chips from each treatment were then placed in paper bags and finely crushed.
A Hunter Lab® colorimeter (model D25L-2) was used to determine the chip colour of each treatment, as described
by Scanlon, Roller, Mazza and Pritchard (1994).

Soil-water potential (SWP)

Four tensiometers per treatment were installed at different soil depths and in one replication only. The installation
depths were as follows: 150 mm, 300 mm, 450 mm and 600 mm. Each of the four tensiometers per treatment was
installed in the planting row, 200 mm from each emitter. Tensiometers were read daily at 08:00.
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ANALYSIS OF DATA

Yield and tuber quality data was analysed by means of the analysis of variance (ANOVA), using the Genstat 5
computer software program (Genstat 5 Release 3.2). Means of the different treatments and combinations thereof
were tested at the 5% level of probability (p< 0.05).

SUMMER 1999/2000

Well-sprouted seed pieces of BP1 were planted on 11 November 1999, after which the different treatments
commenced.

The mean maximum temperature during the growing season was 26.2°C and the mean minimum 12.8°C. These
are regarded as the optimum temperatures for potato production (Mundy, Creamer, Crozier & Wilson, 1999). The
rainfall (precipitation) during the growing season was very high, totalling 495 mm. This relatively high rainfall was
not ideal for drip-irrigated potatoes, as temporary anaerobic conditions may have occurred, especially after heavy
showers. Valuable nutrients may also have been leached from the soil profile, making these not ideal growing
conditions.

Experimental layout and treatments

A split-split plot design with row spacing as main plots, and fertigation and irrigation methods as the splits, was
used. Two different row spacings were used, namely single row spacing 800 mm apart (two single rows planted in
narrow ridges) and double row spacing (one double row planted on wide ridges 1600 mm apart). In the case of the
single row spacing, a drip line was used for each plant row (Figure 3b), while for the double rows, one drip line was
used for two plant rows (450 mm apart) on the wide ridge (Figure 3a) — hence the number of drip lines per hectare
for the single rows was twice that of the double rows. This method of planting is common practice among potato
producers in South Africa, mainly to reduce the cost of drip lines per unit of planting area. The length of the rows in
both row-spacing configurations was 9 m. Each plot consisted of an area measuring 48.6 m? and was replicated
four times. The intra-row spacing was 300 mm for both row-spacing configurations, and therefore the plant
population was the same for both configurations. Tubers in the double rows were planted with a Dormas® potato
planter, while the single rows were hand-planted.

For each of the row spacings, two methods of fertigation were used, namely daily and weekly fertigation. Two
methods of drip irrigation were applied, namely non-pulse irrigation and pulse irrigation. In the case of the daily
fertigation, nutrients were applied on six consecutive days, and on the seventh day there was irrigation without
nutrients. The reason behind this practice was to prevent nutrient (salt) build-up in the root zone.
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1600 mm

800 mm 800 mm

FIGURE 3. The two different row-spacing configurations used during the summer 1999/2000 trial: (a) double row
spacing with one drip line, and (b) single row spacing

To ensure a better understanding of the treatments and treatment combinations, a schematic presentation of the
treatments is given in Figure 2. In the case of the daily non-pulse irrigation method, the daily water use was
replaced as a single application, while for the pulse irrigation the daily water use was divided into three equal
portions and applied eight hours apart. The total amount of water applied was, however, the same for all
treatments. In order to apply the same amount of water for both row-spacing configurations, the time of irrigation in
the double rows (one drip line between rows) was inevitably twice as long as in the single rows. A standard
fertilisation programme, according to soil analysis, was followed.

FIGURE 4. Schematic presentation of the different treatment combinations
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Soil properties and fertilisation

With regard to the chemical properties of the soil layers at 0-300 mm and 300-600 mm (Table 1), as analysed by
Omnia Ltd., there were no imbalances between any of the elements analysed. The fertilisation was done according
to the model of Steyn and Prinsloo (1999) for a 60-70 t ha™' tuber yield. The total nitrogen, phosphorous and
potassium applied amounted to 268, 81 and 136 kg ha-' respectively.

TABLE 1. Chemical properties of two soil layers before the summer 1999/2000 planting.

Plant nutrients (mg kg™')

Soil depth (mm) P K Ca Mg Na pH (KCI)
0-300 33 219 486 112 12 4.6
300-600 6 75 694 206 24 4.6

At planting, a fraction of the total amount of fertiliser required was hand-placed as a mixture of 900 kg ha' 2:3:2
(22) applying 56.6 kg ha™' of nitrogen (N), 84.9 kg ha' of phosphorous (P) and 56.6 kg ha' of potassium (K). The
additional nutrients were applied as water-soluble fertilisers (Table 2) through the irrigation water by means of a
suction feed Amiad® fertigation pump.

TABLE 2. Fertilisation programme for the summer 1999/2000 season.

N K+N CatN Mg+N
NHsNO3 KNOs CaNOs MgN03
Growth stage | Weeks after] ~ (Iha)” (kg ha'") (kg ha”) (kg ha')
planting (21% N) (38% K) (19.5% Ca) (9.5% Mg)
(13% N) (15.5% N) (11% N)
1 0 0 0 0
Emergence 2 114.3 0 0 0
3 128.3 0 5.0 5.0
4 94.7 26.3 75 5.0
Tuber initiation 5 88.2 39.5 7.5 5.0
6 43.6 52.6 75 5.0
7 12.0 39.5 75 5.0
Tuber growth 8 20.0 26.3 5.0 5.0
9 26.5 13.2 5.0 5.0
10 9.0 13.2 25 5.0
11 204 13.2 25 5.0
12 10.0 13.2 25 25
13 13.8 13.2 2.5 25
14 0 13.2 0 0
15 0 13.2 0 0

Percentages of elements in fertiliser mixture based on mass.mass-".
*Relative density of 1.25
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With daily fertigation (6 days per week), the amount of fertiliser for each week after planting was divided into six
equal portions and applied for six consecutive days. In the case of the weekly fertigation, the total amount of
fertiliser for each week was applied in one day. Each of the fertigation treatments received their predetermined
pulse/non-pulse irrigation.

The physical soil properties are displayed in Table 3.

TABLE 3. Physical soil properties determined for the summer 1999/2000 season.
Soil layer (mm) Gravimetric soil-water | Bulk density (g.cm?) | Volumetric soil-water
content (%) content at FWC (mm)*
0-150 15.74 1.48 34.94
150-300 14.84 1.59 35.39
300-450 16.96 1.56 39.68
450-600 17.36 1.50 39.06

* Calculated using equation 1.

Water application

An in-line emitter spacing of 0.4 m was used. An application rate of 3.27 mm h-! was achieved in the double rows,
while the application rate in the single rows was 6.54 mm h-'. In order to apply the same amount of water, irrigation
in the double rows was twice as long as for the single rows.

WINTER 2000

Well-sprouted seed pieces of BP1 were planted on 12 June 2000 in Limpopo near Dendron (23° 22’ South 29° 19’
East). Plants started to emerge 12 days after planting, after which the different treatments commenced. All
production practices were carried out in the same manner as the other producers’ potato plantings.

Experimental layout and treatments

This experiment differed from the summer 1999/2000 experiment in that an extra row-spacing treatment was
introduced in response to requests from potato producers and agricultural representatives. Two drip lines were
installed on double rows (wide ridged bed with two potato rows). The rationale for using two drip lines was for better
water distribution within the soil profile. It was therefore decided to change the main treatments during the 2000
winter season accordingly.

A split-split plot design with row spacing/drip-line placement as main plots, and emitter spacing and irrigation
methods as the split plots, was used. Three different row spacing/drip-line placements were used, namely single
row spacing 800 mm apart (two single rows planted in narrow ridges, each with a drip line) (Figure 6c), double row
spacing (one double row planted on wide ridges 1600 mm apart with one drip line between rows), (Figure 6a) and
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another double row spacing (1600 mm apart) with two drip lines on the wide ridges (Figure 6b). To avoid confusion,
the double rows with one drip line is referred to as double #1, and those with two drip lines as double #2.

Two emitter spacings were used, namely: 0.4 m and 0.6 m. The emittance rate for both spacings was 2.3 1 h-'. The
number of drip lines per hectare for the single rows and double #2 rows was twice that of the double #1 rows (one
drip line between two rows). The row length in all three row spacing configurations was 9 m. Each plot consisted of
an area of 43.2 m? and treatments were replicated three times. The intra-plant row spacing was 0.28 m in all row
spacing configurations. The whole trial was planted with two Dormas® potato planters that were able to plant both
single and double rows.

For each row spacing, two methods of drip irrigation were applied, namely non-pulse irrigation and pulse irrigation.
In the case of the non-pulse irrigation method, the daily water use was replaced as a single application, while for
the pulse irrigation the daily water use was divided into three equal portions and applied 8 hours apart. The total
amount of water applied was, however, the same for all the treatments.

In order to apply the same amount of water at the different row spacing configurations, the time of irrigation at the
double #1 rows (one drip line between rows) was inevitably twice as long as at the single and double #2 rows. A
standard fertilisation programme according to soil analysis was followed, and a schematic presentation of the
treatments is shown in Figure 7.
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FIGURE 5. Three different row spacings/drip-line placement configurations used during the winter 2000 trial.
Double row spacing with one drip line (a), and two drip lines (b), and single row spacing (c).

FIGURE 6. Schematic presentation of the different treatment combinations used during the winter 2000 trial.
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Soil properties and fertilisation

The soil chemical properties of the soil layers at 0-300 mm and 300-600 mm as analysed by the Institute for Soil
Climate and Water of the Agricultural Research Council are shown in Table 4. Fertilisation was done according to
the recommendations of Steyn and Prinsloo (1999) for a 60-70 t ha' tuber yield. The total nitrogen, phosphorous
and potassium applied amounted to 266, 116 and 176 kg ha-' respectively.

TABLE 4. Chemical properties of two soil layers before the winter 2000 planting.

Plant nutrients (mg kg™')

Soil depth (mm) P K Ca Mg Na pH (Water)
0-300 17.5 298 393 163 7 6.76
300-600 5.1 256 469 221 25 6.37

Ten days before planting, a fraction of the total amount of fertiliser required (17% of the nitrogen) was broad
banded as a mixture of 740 kg ha! 2:3:2 (22) applying 46.5 kg ha-' of nitrogen (N), 69.8 kg ha-' of phosphorous (P)
and 46.5 kg ha' of potassium (K). The additional nutrients were applied as water-soluble fertilisers (Table 5)
through the irrigation water by means of a suction feed Amiad® fertigation pump.
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TABLE 5. Fertilisation programme for the winter 2000 season.

N P+N K+N CatN Mg+N
MAP KNO3 CaNOs MgNO3
Growth V:‘f’t‘: krs ’Z‘D':]“;C))f (kg ha') (kg ha') (kg ha') (kg ha')
stage planting (21% N) (12% N) (38% K) (19.5% Ca) (9.5% Mq)
(27% P) (13% N) (15.5% N) (11% N)
0 0
Emergence 1 39.6 39.8 39.7 0 0
2 77.6 8.5 17.8 0 57
3 77.6 385 0 0 0
4 79.9 385 0 0 0
Tuber 5 79.9 19.2 13.2 0 0
initiation 6 a7.7 19.2 13.2 0 0
7 53.1 0 13.2 10 10
8 325 0 26.3 10 10
Tuber growth 9 7 0 39.5 5 5
10 0 0 52.6 5 5
11 1 0 52.6 5 5
12 4.8 0 26.3 5 5
13 0 0 26.3 5 5
14 0 0 211 5 5
15 0 0 10.5 0 5
0

Percentages of elements in fertiliser mixture based on mass.mass!
* Relative density of 1.25

The physical soil properties are displayed in Table 6. The gravimetric soil-water content (In) (mass.mass™) at field-
water capacity (FWC) was determined in situ for four different soil depths. The bulk density of the same soil layers
was also determined, and therefore the volumetric soil-water content (volume.volume™) could be calculated
(Equation 1, section 3.1.3).

TABLE 6. Physical soil properties determined for the winter 2000 season.

Gravimetric soil-water Volumetric soil-water
il h Bulk i .cm?3
Soil depth (mm) content (%) ulk density (g.cm-) content at FWC (mm)*
150 13.2 1.67 33.1
300 13.0 1.51 29.5
450 14.8 1.41 313
600 15.3 1.40 321

* Calculated from equation 1.
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Water application
The same equipment used during the summer 1999/2000 season was used for this trial. Water was applied by

means of pressure-compensated Ram® drip lines with an emission rate of 2.3 1 h-'. As mentioned, the in-line emitter
spacing used was 0.4 m and 0.6 m. The application rates at the different treatments are displayed in Table 7.

TABLE 7. Application rates (mm.h-) at different row configurations and drip-line placements.

Row configuration Emitter spacing (m) Application rate (mm h-')
Single rows 04 7.35
Single rows 0.6 4.79
Double #1 0.4 3.67
Double #1 0.6 2.40
Double #2 0.4 7.35
Double #2 0.6 4.79
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RESULTS AND DISCUSSION

SUMMER 1999/2000

Yield and size distribution

From an economic point of view, it is important for potato producers to obtain a good size distribution of tubers. On
average, the price of large and medium tubers on the national fresh produce markets is the highest, therefore it is
important for potato producers that the highest percentage falls in the large and medium size classes.

Large tuber yield (>200 g)

Significant differences between treatment means were observed at this size grading. Differences (p<0.05) only
occurred between row spacing and fertigation treatments, as well as between the interactions of row spacing x
fertigation and fertigation x irrigation method. These significant differences are displayed in Figure 8a-d.
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FIGURE 8a. Yield of large tubers obtained in the single and double row treatments (means across sub-plots) during
the summer 1999/2000 season. Vertical bar indicates value of least significant difference at p< 0.05.

It is clear that the single row-spacing configuration out-yielded the double rows. The single rows (means across
sub-plots) yielded 65.9% more large tubers (on a mass basis) than the double rows. The proportion of large tubers
(% of total yield on a mass basis) was 19.5% and 15% for the single and double rows respectively (Figure 16).

As mentioned, with the double row spacing, the two rows planted on a wide ridged bed were spaced 450 mm apart
compared to a spacing of 800 mm in the single rows. Although the plant population was the same for both row-
spacing treatments, the lower yield in the double rows could possibly be attributed to higher inter-plant competition
at the double rows. This will be discussed in more detail in the following sections.
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FIGURE 8b. Yield of large tubers with daily and weekly fertigation treatments (means across main plots, irrigation
methods) for the summer 1999/2000 season. Vertical bar indicates value of least significant difference at p< 0.05.

Regarding the fertigation treatments, the daily fertigation treatment produced the highest yield of large tubers. It
seems that the daily fertigation treatment made more efficient use of the nutrient elements that were applied on a
daily basis, as reflected in terms of tuber yield (Figure 8b). Further discussion will follow under marketable and total
yield.

ODaily Fert BWeekly Fert

Large tuber yield (t ha-1)

Single Double

FIGURE 8c. Yield of large tubers at the row spacing x fertigation interaction (means across irrigation methods) for the
summer 1999/2000 season. Vertical bar indicates value of least significant difference at p< 0.05.
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With the effect of the interactions of row spacing x fertigation treatments, a yield increase with the daily fertigation
treatment was only observed with the single row spacing. No significant differences between fertigation treatments
were observed at the double rows (Figure 8c.) It is obvious that the yield of the daily fertigation treatment at the
double rows was less than that of the weekly fertigation at the same row spacing. The daily fertigation treatment in
the single rows yielded 103.5% more than the same treatment at the double rows, which indicates that the
influence of fertigation methods on large tubers is restricted to the single rows only.

Regarding the fertigation x irrigation interaction, there was no clear tendency (Figure 8d). With the daily fertigation,
the large tuber yield increased only when irrigation frequency was high (pulse irrigation). With the weekly fertigation
method, no differences were observed between irrigation methods. It is clear that the method of irrigation used
(pulse and non-pulse) in this trial was not consistent with the two different fertigation methods.

941

7,92

Large tuber yield (t ha-1)

Daily Fert Weekly Fert

ONon-pulse BPulse

FIGURE 8&d. Yield of large tubers with the fertigation x irrigation interaction (means across whole plots) for the
summer 1999/2000 season. Vertical bar indicates value of least significant difference at p< 0.05.

Medium tuber yield (100 — 200 g)

Significant differences were only observed between the treatment means of row spacing and fertigation method.
The same tendency as with the large tuber grading was observed. The yield of medium tubers with the single row
spacing was significantly higher than the yield with the double row spacing (Figure 9). The yield of medium tubers
with single rows was 52.6% higher than with double row spacing.
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FIGURE 9. Yield of medium tubers with single and double rows (means across sub-plots) for the summer
1999/2000 season. Vertical bar indicates value of least significant difference at p< 0.01.
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FIGURE 10. Yield of medium tubers with daily and weekly fertigation treatments (means across whole plots, irrigation
methods) for the summer 1999/2000 season. Vertical bar indicates value of least significant difference at p< 0.05.

Although the daily fertigation method yielded 17% more medium tubers, this difference was significant at the 5%
level (p= 0.05) of significance (Figure 10).
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Small (50 - 100 g) and Extra-small (<50 g) tuber yield

No significant differences were observed between any treatment and treatment combinations in these sizes. As
mentioned, the size distribution of tubers is of economic value to the producer. From Figure 16 it is clear that the
size distribution of the single rows (mean across sub-plots) was better than that of the double rows. Although the
differences between treatment means in the small and extra-small grading classes were not significant at the 5%
level of significance, differences of economic importance were observed, and will be discussed in the following
sections. The extra-small tubers (percentage of the total yield) at the double rows were more than twice that at the
single rows (Figure 16).

Unmarketable yield (tuber greening, and mechanically, insect- or pathogenically damaged tubers)

Significant differences were observed between means of row spacing treatments, fertigation methods and irrigation
methods. As unmarketable yield consists of green, and mechanically and insect- or pathogenically damaged
tubers, it is difficult to arrive at meaningful discussions and conclusions. Unfortunately tubers in this grading class
were not separated in the above-mentioned sub-classes. During this growing season (summer 1999/2000) green
tubers (green discoloration due to direct sunlight) and rotten tubers were mainly responsible for the unmarketable
yield (visual observations). The yield of unmarketable tubers (means across sub-plots) with the single row spacing
configuration was significantly less than with the double row spacing (Figure 11).

10

Unmarketable tuber yield (t ha-1)

Single Double

FIGURE 11. Yield of unmarketable tubers obtained with single and double rows (means across sub-plots) for the
summer 1999/2000 season. Vertical bar indicates value of least significant difference at p< 0.05.

A possible reason for the higher unmarketable yield with the double rows is the fact that the two rows on the wide
raised bed were spaced 450 mm apart. A smaller volume of soil was therefore available for tuber development and
bulking. The result was that the soil surface cracked and tubers developed in direct sunlight, causing tubers to rot
and turn green in colour. This was not the case with the single row treatments.

The yield of unmarketable tubers obtained with the weekly fertigation treatment was significantly higher than the
yield with the daily fertigation treatment (Figure 12). This could not be explained.
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FIGURE 12. Yield of unmarketable tubers with daily and weekly fertigation treatments (means across whole plots,
irrigation methods) for the summer 1999/2000 season. Vertical bar indicates value of least significant difference at p<
0.01.

The unmarketable yield with the non-pulse irrigation treatment (Figure 13) was significantly higher than that with the
pulse method (three irrigations per day). The fact that the irrigation time in the non-pulse method (one irrigation
cycle per day) was three times as long as in the pulse treatment could have created temporary anaerobic
conditions in the soil, especially during the tuber bulking stage when water requirements were relatively high.
These anaerobic conditions were prone to secondary infections of plant pathogens, causing a higher incidence of
unmarketable tubers. Another contributing factor to the relatively high percentage of unmarketable tubers overall,
was the unfavourable growing conditions due to the high rainfall.
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FIGURE 13. Yield of unmarketable tubers with non-pulse and pulse irrigation treatments (means across whole
plots, fertigation methods) for the summer 1999/2000 season. Vertical bar indicates value of least significant
difference at p< 0.05.
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Marketable yield
Differences (significant) were only observed in the means of the row spacing and fertigation treatments (Figures 14

& 15). The marketable yield with the single row-spacing treatment was significantly higher than with the double row
spacing (Figure 14). The single rows yielded 36.7% more tubers (on a mass basis) than the double rows. The fact
that the two plant rows on a wide raised bed (at the double row spacing) were planted 450 mm apart caused a
smaller volume of soil between plant rows to be available for each plant row. Therefore, inter-plant competition
could have been higher in the double rows than was the case in the single rows, influencing tuber yield.

The length of an irrigation cycle in the double rows was twice as long as in the single rows, and this may have
created temporary anaerobic conditions in the rhizosphere, hampering growth. Another important factor is the
utilisation of sunlight energy by potato plants. It was also visually found that the leaf area index in all the single row
treatments reached a maximum value sooner than in the double rows, which explains the better light interception.
At the single rows the interception of sunlight by the canopy was therefore higher than in the double rows, resulting
in higher energy utilisation.

70
60 56.91

50
40
30
20
10 I‘

0

41,64

Marketable tuber yield (t ha-1)

Single Double

FIGURE 14. Marketable tuber yield with single and double rows (means across sub-plots) for the summer 1999/2000
season. Vertical bar indicates value of least significant difference at p< 0.01.

Regarding fertigation treatments, the marketable yield with the daily fertigation method produced higher yields than
the weekly fertigation method. Although daily fertigation produced only 9% more tubers (mass basis), this
difference was significant at the 5% level of confidence (Figure 15).
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FIGURE 15. Yield of marketable tubers withn the daily and weekly fertigation treatments (means across whole plots,
irrigation methods) for the summer 1999/2000 season. Vertical bar indicates value of least significant difference at p<
0.05.

It is clear from Figure 15 that the daily fertigation treatment performed better. From the fact that both treatments
received the same amount of fertiliser during the growing season, it was clear that the nutrients were utilised better
with the daily fertigation treatment. Another contributing factor is that the concentration of the nutrient solution (one
week’s fertiliser dissolved in irrigation water) may, at certain stages, have been too high and root damage may
have occurred.

The size distribution expressed as a percentage of the total yield, for both large and medium tubers, was higher for
the single rows compared to the double rows (Figure 16). The percentage of small and extra-small tubers was less
in the single rows, which is, from an economic point of view, better.
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FIGURE 16. Size distribution of tubers (% of total yield) with single and double row-spacing treatments (means
across sub-plots) for the summer 1999/2000 season

The same tendency as with the row spacing treatments (Figure 16) was also observed for the fertigation methods.
The percentage of large and medium tubers (on a mass basis) was higher with the daily fertigation method, while
the percentage of small and extra-small tubers was higher with the weekly fertigation method (Figure 17).
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FIGURE 17. Size distribution of tubers (% of total yield) with daily and weekly fertigation treatments (means across
whole plots, irrigation methods) for the summer 1999/2000 season
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Total yield
Significant differences were observed only between the means of the main plots (row spacing). The total yield

obtained in the single row spacing was significantly higher than in the double rows (Figure 18). The single rows
produced 13.2 t ha' more tubers than the double rows, which represented an increase of 27%. This is in
agreement with the results obtained by Phene and Sanders (1977), where drip lines along each potato row (single
rows) yielded 76% more tubers than double rows with one drip line. However, Phene and Sanders (1977) used
sub-surface drip irrigation (5 cm deep) on the single rows and plastic mulch on the double rows. The amount of
water applied to the single rows was also higher than for the double rows, which makes it difficult to compare the
authors’ results with this study.
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FIGURE 18. Total tuber yield with single and double rows (means across sub-plots) for the summer 1999/2000
season. Vertical bar indicates value of least significant difference at p< 0.01.

Although no significant differences in total tuber yield between fertigation and irrigation frequency treatments were
observed, it seemed that the daily fertigation with the pulse treatment for both row-spacing configurations realised
higher total yields than the non-pulse and weekly fertigation treatments (Figure 19).
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FIGURE 19. Total tuber yield with the different treatment combinations during the summer 1999/2000 season

Tuber quality

http://www.potatogrower.com/2012/12/glucose-concentrations as proof for reducing sugars

Two commonly used quality parameters in South Africa are specific gravity (SG) and frying-chip colour. This is
especially important for the processing industries. According to Rowe (1993) the most important quality
characteristics are specific gravity and reducing sugar content. The reducing sugar content gives an indication of
the baking quality of “French fries” and is determined using the Luff- Schoorl method as described by (S.a.: 19-22).
Specific gravity gives an indication of the dry matter content, while chip colour gives an indication of the sugar
content. The higher the SG, the higher the dry matter content. Although processors are mainly interested in dry
matter content, SG is much easier to determine. A specific gravity value higher than 1.075, is regarded as
acceptable, especially for the processing industry.

Consumers, processors and fast-food retailers have recognised that the ideal crisps (chip) and French fries are
light in colour and have a minimum oiliness. Potatoes with a low SG produce lower chip yields, require longer frying
time and absorb more oil during frying. Excess oil is an added expense for processors and tends to cause
sogginess in chips (Rowe, 1993).

Potato tubers with a high reducing sugar content produce fries and crisps dark in colour with a bitter taste, and are
unacceptable for the processing industries. Frying-chip colour values of 50 and higher are considered acceptable
for processing (Steyn, Du Plessis & Fourie, 1998a).
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Little is known about the quality of potato tubers produced under drip irrigation in South Africa. Significant
differences between treatments were only observed in specific gravity (Figure 20). The SG value at the single row
spacing (mean across sub-plots) was significantly higher than at the double rows. The fact that the soil-water
potential in the upper 300 mm soil layers at the double rows was higher (wetter) during the tuber bulking stage
(from 87 to 100 days after planting) than in the single rows, could have contributed to the lower SG values in the
double rows (see section on soil-water potential). The higher soil-water potentials in the tuber zone could have
resulted in an oxygen deficit, causing lower respiration rates of tubers and finally hampering dry matter production.
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FIGURE 20. Specific gravity of tubers with single and double rows (means across sub-plots) during the summer
1999/2000 season. LSD at p< 0.01.

Although the SG values of tubers were acceptable to the processing industry, the chip colour values were lower
than 50.

Soil-water potential

According to Prestt and Carr (1984) (as quoted by Mundy, Creamer, Crozier & Wilson, 1999), flat-topped ridges
planted with potatoes (similar to the double rows in this study) conserved soil water better than steeply sloped
ridges (similar to the single rows), and that moisture was more evenly distributed through the flat-topped ridges.
Furthermore, Fisher, Bailey and Williams (1995) found an increase in tuber yield in wide beds (flat-topped)
attributable to water conservation in the beds.

During this study SWP was monitored at four soil depths through the season to determine the influence of row
spacing effects and irrigation frequency on soil water potential. Each of the four tensiometers per treatment was
installed within the plant row and 200 mm from each emitter. The SWP of the different treatments at 150 mm soil
depth is presented in Figure 21.
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It is clear from Figure 21 that small differences in SWP occurred between the daily and weekly fertigation
treatments at this depth (Figure 21a-d). It is obvious that the SWP was lower (higher negative value) from 87- to
100 days after planting in the single rows (Figure 21a-b), compared to the double row treatments (Figure 21c-d).
This was, however, not the case at the double rows of the weekly fertigation method (Figure 21d). The higher SWP

in the double rows may have resulted in the lower SG values of tubers in the double rows, although higher SWP
values lasted only for 15 days.

Regarding irrigation frequency (pulse and non-pulse treatments), no consistent observations were made. The most
valuable observation made, was that the SWP in the single rows was almost always lower (higher negative value)
than in the double rows, which indicates a drier regime at this depth (150 mm) (Figure 21a-d). This is in agreement
with results obtained by Prestt and Carr (1984). It may be debatable that the soil water status at the double rows
was near saturation point, which could have created temporary anaerobic conditions. This could have led to the
observed lower yield and SG values.
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FIGURE 21. Soil-water potential at 150 mm soil depth for the different treatments during the summer 1999/2000
season.

The same tendency was also observed at the 300 mm soil depth. At the deeper soil depths (450 and 600 mm)
almost no differences were observed between any of the treatments (Figure 22c¢,d). The SWP at these depths was
much higher (closer to zero), which indicates a much wetter regime. The high rainfall could have led to these high
SWP values.

(/‘3) The effects of row spacing on drip-irrigated potatoes Page 37

potatoes
aartappeIsSA



b.
70 70
—_—— ﬁ\:gle‘ Daily, ————— Single, Daily, NP
——=—— Single, Daily, P / ~° Single.Daiy. P
,‘?60 T AGO T — pouble, Daily, NP /
K ~——<— Double, Daily, o ——=—— Double, Daily, P = |
[ s S ouble, Daily, 4 |
350 Is0 ‘ T
8 ® | |
g g [
0 840 1 f |
° ° | [] |
o a I A
= = T | R |
20 839 | |
© © |
| Pl mii
20 820 -+ f 1
|
10 1 10 1.///*3. orete A /J}LJ\ Lo
1 o w A o . | -ﬁ/ w
\L/// P - A o B ‘AW
0 ~ * s e e .
0 T T T T T T T
40 50 60 70 80 90 100 110 120
Days after planting Days after planting
c. d.
70 70
—&—— Single, Daily, NP —4— Single, Daily, NP
60 Single, Daily, P 60 Single, Daily, P [
R { A ~* Double, Daily, NP I ~——*—— Double, Daily, NP
% 50 Double, Daily, P X5 Double, Daily, P |
E 3
5 840
g s 1]
g g 30 1+
2 H
= 3 20
3 @ S
o \
10
P
0 ‘ ‘ : ‘ w : w 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
40 50 60 70 80 90 100 110 120 40 50 60 70 80 920 100 110 120

Days after planting Days after planting

FIGURE 22. Soil-water potential at 150 mm (a), 300 mm (b), 450 mm (c) and 600 mm (d) soil depths with the different
treatments using the daily fertigation method during the summer 1999/2000 season.

From Figure 22 it is clear that the differences in SWP with the daily fertigation for the pulse and non-pulse
treatments at both rows spacings were small. The SWP at the deeper soil layers was higher (wetter) than at the
150 and 300 mm soil layers. This was also observed in the weekly fertigation treatment. It seemed that the SWP in
the single rows was lower overall, although the differences were small. Overall it seemed that the SWP at all the
depths of all the treatments was relatively high and no clear conclusions could therefore be made.
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Conclusion

For the summer 1999/2000 season, it was clear that the tuber yield with the single row spacing in almost all size
classes was higher than with the double rows. The yield obtained from the single rows was 65.9%, 52.6%, 36.7%
and 27% higher for the large, medium, marketable and total yield classes respectively. These results indicate that
the use of single row spacing, with one drip line serving each plant row, is the best overall row configuration.

Daily fertigation almost always produced higher tuber yields than weekly fertigation treatments. In the large size
class, daily fertigation produced 28.6% more tubers than weekly fertigation, while this percentage was found to be
17% higher in the medium size class. Since both fertigation treatments received the same amount of fertiliser
during the growing season, the nutrients were clearly better utilised through the daily fertigation treatment. It seems
that the scheduling of fertiliser treatments during the growing season is just as important as irrigation scheduling.
Another contributing factor may be that the concentration of the nutrient solution (one week’s worth of fertiliser
dissolved in irrigation water), could, at certain stages, have been too high, causing root damage.

No consistent response to irrigation methods was observed. In most cases, however, the pulse irrigation method
produced higher yields than the non-pulse method. The most significant response to irrigation methods was
observed with the single rows. Although no significant differences in total tuber yield were observed between the
different frequencies of fertigation and irrigation treatments, daily fertigation with pulse treatment at both row-
spacing configurations realised the highest total yield.

The yield of unmarketable tubers with the single rows was significantly less than with the double rows, probably
due to the smaller volume of available soil for tuber development and bulking, leaving sunlight-damaged and rotten
tubers. The high rainfall also contributed to the greening of tubers in that the soil covering the tubers was washed
off the beds.

One of the reasons for the lower overall yields with the double rows was inter-plant competition, with another
important factor being the utilisation of sunlight energy by potato plants. Due to the fact that the single rows
intercepted more sunlight due to a larger plant canopy, their utilisation of energy was more effective, resulting in
higher tuber yields. It should be noted that this assumption is based purely on visual observations of the plant
canopy.

Regarding soil-water potential (SWP), no clear observations were made. It is clear that SWP overall was very high,
indicating a relatively wet soil-water status. In the upper soil layers (150 mm), SWP with the double rows was
almost always higher than with the single rows, which indicates a wetter water regime. This may have created
unfavourable conditions in the tuber zone, resulting in lower yields and more unmarketable tubers. In this trial, SWP
could not be used to explain yield differences.
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WINTER 2000

Yield and size distribution

Large tuber yield (>200 g)

It was only in the case of the different emitter spacing treatments that any significant differences were observed.
The yield of large tubers (means across whole plots and irrigation methods) with the 0.4 m emitter spacing was
significantly higher than with the 0.6 m emitter spacing (Figure 23). The 0.4 m emitter spacing produced 14.3%
more large tubers than the 0.6 m emitter spacing. The 0.4 m emitter spacing treatment (means across whole plots
and irrigation methods) produced 47% large tubers, compared to 43.8% with the 0.6 m emitter spacing (Figure 29).

No significant differences were observed between the three row-spacing configurations. With regard to the row
spacing treatments, the single rows and double rows with two drip lines (double #2) produced 31.03 and 31.21 t ha-
' respectively, while the double rows with one drip line between rows (double #1) produced 27.88 t ha".

The highest percentage of large tubers (% of total yield on a mass basis) was produced by the double #1 row
spacing (at 47.7%), followed by the double #2 row-spacing treatment (at 47.2%). The single row-spacing treatment
produced 42.2% large tubers (Figure 28). These results contradict the results obtained from the summer 1999/2000
trial, where the single rows produced the highest percentage of large tubers.
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FIGURE 23. Yield of large tubers with 0.4 m and 0.6 m emitter spacing (means across whole plots, irrigation methods)
for the winter 2000 season. Vertical bar indicates value of least significant difference at p< 0.01.
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Medium tuber yield (100 — 200 g)

Significant differences were only observed among the means of row-spacing treatments. The single row treatment
(average across subplots) produced a higher yield of medium tubers than the double #1 and #2 row-spacing
treatments (Figure 24). The yield of medium tubers with the single row-spacing configuration was 34.1 t ha",
followed by the double #2 row-spacing treatment with 27.19 t ha!, and the double #1 row-spacing treatment with
23.87 t ha''. The single rows produced 42.85% more medium tubers (on a mass basis) than the double #1
treatment, and 25.4% more than the double #2 treatment. Virtually no differences were observed between the
emitter spacing and irrigation method treatments.

The highest percentage of medium tubers (% of total yield on a mass basis) was found with the single row-spacing
treatment (46.3%), followed by the double #2 row-spacing treatment (41.1%) and the double #1 treatment (40.8%)
(Figure 28). These results correspond with those from the summer 1999/2000 trial.
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FIGURE 24. Yield of medium tubers with single, double #1 and double #2 row spacing (means across subplots) for the
winter 2000 season. LSD at p< 0.01: 5.0.

Small tuber yield (50 - 100 g)

Significant differences in this size class were observed among row-spacing treatments, as well as irrigation
methods. The yield of small tubers with the double #1 row-spacing treatment was significantly lower than with the
single row-spacing treatment, and did not differ significantly from the double #2 treatment (Figure 25). No
significant differences were observed between the means of small tubers in the double #2 and the single row-
spacing treatments. The greater mass of small tubers with the single-row treatment can be ascribed to the fact that
the total yield with this row spacing was 25.8% and 11.2% higher than with the double #1 and double #2 treatments
respectively. The pulse irrigation treatment produced significantly higher yields of small tubers than the non-pulse
treatment (Figure 26). This was not related to total yield, as the pulse treatment almost always produced lower total
yields than the non-pulse method. No clarity could therefore be achieved in this regard.

Overall, the percentage of small tubers was much lower during this season than during the summer 1999/2000
season (Figures 16, 17, 28 & 29).
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FIGURE 25. Yield of small tubers with single, double #1 and double #2 row-spacing treatments (means across
subplots) during the winter 2000 season. Vertical bar indicates value of least significant difference at p< 0.01.
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FIGURE 26. Yield of small tubers with non-pulse and pulse irrigation treatments (means across whole plots, emitter
spacing) during the winter 2000 season. Vertical bar indicates value of least significant difference at p< 0.01.

Extra-small tuber yield (<50 g)

The only significant differences were observed between the means of irrigation methods. The yield of extra-small
tubers with the pulse irrigation method was significantly higher than the yield with the non-pulse method (Figure
27). The same tendency was also observed in the case of small size grading. The percentage of extra-small tubers
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(% of total yield on a mass basis) was 1.6% and 1.9% with the non-pulse and pulse methods respectively. These
percentages were much lower than those obtained during the summer 1999/2000 season. The mean yield of extra-
small tubers during the summer 1999/2000 season was 262.8% higher than during winter 2000, although the mean
total yield during the 1999/2000 summer season was 16% lower than during winter 2000. This is an indication that
conditions were not optimal for potato production.
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FIGURE 27. Yield of extra-small tubers with non-pulse and pulse irrigation treatments (means across whole
plots, emitter spacing) during the winter 2000 season. Vertical bar indicates value of least significant
difference at p< 0.01.

Unmarketable yield (tuber greening, and mechanically, insect- or pathogenically damaged tubers)

The highest percentage of unmarketable tubers occurred with the double #1 treatment, followed by the double #2
treatment. The lowest incidence of unmarketable tubers occurred with the single row-spacing treatment (Figure 28).
These differences were not statistically significant, however. Similar results were also observed during the summer
1999/2000 season, with the lowest percentage of unmarketable yield being observed with the single rows.
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FIGURE 28. Size distribution of tubers (% of total yield) with single, double #1 and double #2 row-spacing treatments
(means across subplots) during the winter 2000 season.
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FIGURE 29. Size distribution of tubers (% of total yield) with 0.4 m and 0.6 m emitter spacing treatments (means
across whole plots, irrigation method) during the winter 2000 season.

Marketable yield
From Figure 30 it is clear that with the single row-spacing treatment, the marketable yield was the highest. The

yield of marketable tubers with the single row-spacing treatment was significantly higher than with the double #1
treatment, but did not differ significantly from the double #2 treatment at the 5% level of confidence. The least
significant difference (LSD) at the 5% level of confidence was 7.89 t/ha. The difference between the single rows
and the double #2 rows was found to be 7.72 t ha''.
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The single rows (means across subplots) yielded 27.8% more than the double #1 rows, and 12% more than the
double #2 rows. Similar results were found during the summer 1999/2000 season, with the single rows yielding
36.7% more marketable tubers than the double rows with one drip line between two plant rows.
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FIGURE 30. Yield of marketable tubers with single, double #1 and double #2 row spacing (means across subplots)
during the winter 2000 season. Vertical bar indicates value of least significant difference at p< 0.01.

The yield of marketable tubers with the 0.4 m emitter spacing treatment was significantly higher than with the 0.6 m
emitter spacing treatment (Figure 31). Although the yield with the 0.4 m emitter spacing treatment was only 7%
higher than with the 0.6 m spacing, this difference was statistically significant. With a yield increase of only 7%,
consideration should be given to the economic viability of this treatment. No significant differences were observed
between the means of irrigation treatments or the interactions of treatments.
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FIGURE 31. Yield of marketable tubers with 0.4 m and 0.6 m emitter spacing (means across whole plots, irrigation
methods) during the winter 2000 season. Vertical bar indicates value of least significant difference at p< 0.01.
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Total yield
Significant differences were observed between the means of row spacing and emitter spacing treatments. As with

the marketable yield, the single row-spacing treatment produced significantly higher total yields of tubers than the
double #1 row-spacing treatment (Figure 32). No significant differences were observed between the single and
double #2 rows, or between the double #1 and #2 row-spacing treatments. The total tuber yield with the single row-
spacing treatment (means across subplots) was 73.6 t ha', compared to 58.5 t ha-'and 66.2 t ha-' with the double
#1 and #2 rows respectively.

The 0.4 m emitter spacing treatment (means across whole plots and irrigation methods) produced a significantly
higher yield than the 0.6 m emitter spacing (Figure 33). The same tendency was also observed with regard to
marketable yield.
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FIGURE 32. Total tuber yield with single, double #1 and double #2 row spacing (means across subplots) during the
winter 2000 season. Vertical bar indicates value of least significant difference at p< 0.05.
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FIGURE 33. Total tuber yield at 0.4 m and 0.6 m emitter spacing (means across whole plots, irrigation methods) for the
winter 2000 season. Vertical bar indicates value of least significant difference at p< 0.05.
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The effect of different row spacing configurations on the production of potatoes can be seen in Figure 34. It is clear
that the total potato yield produced by the single row configuration consistently surpassed the yield produced by the
other two row-spacing treatments. Regarding irrigation treatments, no conclusions could be drawn. The total tuber
yield with the 0.4 m emitter spacing (both pulse and non-pulse) was almost always higher than with the 0.6 m
emitter spacing (Figure 33).
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FIGURE 34. Total tuber yield with different treatments during the winter 2000 season.

Tuber quality

During the winter 2000 season, with regard to tuber quality, no significant differences were observed between the
means of any of the treatments or combinations thereof. However it was clear that the specific gravity of tubers
during this season was consistently lower than during the summer 1999/2000 season (Figure 35). Lower SG values
are associated with continuous irrigation or rain, especially later in the growing season (Gray & Hughes, 1978).
This is in contrast with the results obtained from the summer 1999/2000 season, with high rainfall being recorded.

The only explanation for the higher SG values obtained during the summer 1999/2000 season is that the SG
determinations were done 14 days after harvest due to a shortage of manpower (labour). During this 14-day period,
sampled tubers lost weight due to the dissipation of moisture (water loss), and therefore the weight of tubers in the
air was relatively lower than the weight in the water (during SG determination), resulting in a higher SG value.
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FIGURE 35. Specific gravity of tubers with single, double #1 and double #2 rows (means across subplots) for the
winter 2000 season. NS = Not significant at p< 0.05.

Regarding frying-chip colour, no significant differences were observed between any of the treatments at the 5%
level of confidence. The chip-colour values overall were higher during the winter 2000 season (56.16) than during
the summer 1999/2000 season (48.52). This confirms the explanation of the higher SG values recorded during the
summer 1999/2000 season as being due to water loss.

Soil-water potential (SWP)

As with the summer 1999/2000 season, small differences in SWP were observed between treatments. At 150 mm
soil depth, the differences in SWP between treatments were more prominent than at the deeper soil layers. The
soil-water potential of the different treatments in the 150 mm soil layer is illustrated in Figure 36. There was a
tendency for the SWP values to be higher (wetter) with the pulse irrigation method at both emitter spacings.

SWP values at the 300 mm soil depth were overall higher (values closer to zero), indicating a wetter regime (Figure
37). SWP values for the single rows with the pulse treatment were overall lower (higher negative value) (Figure 37
a,b & c,d). At the 450 mm and 600 mm soil depths, virtually no differences in SWP were found between any of the
treatments. Overall, no clear tendencies were observed in SWP between treatments. However, the SWP for the
single rows appeared to be slightly higher (drier regime) at the upper 300 mm soil depth.
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FIGURE 36. Soil-water potential at the 150 mm soil depth with the different treatments during the winter 2000 season.

(/‘3) / The effects of row spacing on drip-irrigated potatoes Page 51

potatoes
aartappeIsSA



300 mm

| ' |

10 (ﬁ)ays aft&%lanting

FIGURE 37. Soil water potential at 300 mm soil depth for the different treatments during the winter 2000 season.

Conclusion

In the case of the winter 2000 season, the tuber yield in almost all size classes was higher with single row spacing
than with double #1 and #2 rows. Although no significant differences were observed between the single and double
#2 rows in terms of marketable yield, the single rows yielded 12% more than the double #2 rows and 27.8% more
than the double #1 rows. This was also found during the summer 1999/2000 season, with the single rows yielding
36.7% more marketable tubers than the double rows with one drip line between two plant rows. The single rows
and double rows with two drip lines (double #2) produced the highest yield of large tubers, although these
differences were not significant.

The single rows produced 42.85% more medium tubers (on the basis of mass) than the double #1 treatment, and
25.4% more than the double #2 treatment.

The yield (also the marketable yield) of large tubers was significantly higher with the 0.4 m emitter spacing than the
0.6 m emitter spacing. The 0.4 m emitter spacing treatment produced 47% large tubers, compared to 43.8% with
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the 0.6 m emitter spacing. Although the marketable yield with the 0.4 m emitter spacing was only 7% higher than
with the 0.6 m spacing, this difference was significant. With a yield increase of only 7% in the case of marketable
tubers, consideration should be given to the economic viability of using 0.4 m emitter spacing.

With respect to the winter 2000 season, it was clear that single rows spaced 800 mm apart, with one drip line for
each row, gave the best overall results. Furthermore, the single row/0.4 m emitter spacing configuration produced
the highest tuber yield, although this was not statistically significant. The addition of an extra drip line on a ridged
bed resulted in a 14% increase in the yield of marketable tubers. With respect to tuber quality, row spacing
configuration was found to have no effect on the specific gravity of tubers or on frying-chip colour.

Minor differences in SWP were observed between treatments. As in the case of the summer season, SWP could
not be used to explain the differences in tuber yield.
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GENERAL DISCUSSION

The marketable yield overall was much higher (30% on average) during the winter season than in the summer of
1999/2000. Although the maximum and minimum temperatures were optimal for both seasons, the relatively high
rainfall, and the accompanying cloudy weather, contributed to the lower marketable yield of the summer season.
The fact that the total yield during the winter season was only 19.1% higher than during the summer season, is an
indication of unmarketable yield being the contributing factor.

During this study it was found that row spacing configuration in drip-irrigated potatoes is an important production
practice to optimise tuber yield in South Africa. The fact that row spacing was found to be mainly responsible for
tuber yield reinforces this statement. During the first experiment (summer 1999/2000) it became clear that single
rows spaced 800 mm apart, with one drip-line in each row, gave the highest tuber yield in almost all size classes.
The marketable yield in the case of single rows was 36.7% higher than in the case of double rows, although the
plant population was the same. The marketable yield from the single rows during the winter season of 2000 was
27.8% higher than from the double rows.

The main treatments during the 2000 winter season included two drip lines for double rows accordingly. The
rationale behind the use of two drip lines was to ensure better water distribution within the soil profile. Although the
yield improved with the addition of one extra drip line on a wide ridged bed, the marketable yield in the single rows
was still 12% higher. Although economics suggests wider drip-line spacing, it is more beneficial to use single-row
spacing drip lines.

The mean marketable yield from the single row treatments for both seasons was 15.44 T/ha higher than the mean
for the double rows, which is an increase of 31.5%. The extra drip-line cost for the single rows amounted to R15
625-00 per hectare (@ R2-50 m'). At an average market price of R1200-00 per ton, the cost of the extra drip lines
in the single rows could be recovered within the first production season.

The scheduling of fertiliser treatment during the growing season is also an important production practice. The yield
in the case of daily fertigation treatments was only 8% higher than for weekly fertigation. It would be advisable to
investigate the economic implications of daily fertigation prior to implementation, as it is a practice that requires
expensive equipment. Regarding the frequency of irrigation, no consistent differences were observed during this
study. The feasibility of high-frequency drip irrigation (pulse irrigation), especially with regard to the economic
implications involved in the layout of computerised systems, should be taken into consideration.

During the winter season of 2000, the effect of emitter spacing on tuber yield was also investigated. Although the
0.4 m emitter spacing resulted in only a 7% increase in marketable yield, this difference was statistically significant.
With such a small increase in tuber yield, consideration should be given to the economic impact involved, as drip
lines with 0.6 m emitter spacing are less costly, with prices varying from one company to another.

Regarding soil-water potential (SWP), no clear observations were made. It is clear that SWP overall was extremely
high (during both seasons), indicating a relatively wet soil-water status. In this study, SWP could not be used to

explain yield differences.

Overall, more investigation is needed to determine optimal practices.
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Du Plessis, HF. 2004. Row spacing effects on drip irrigated potatoes (Solanum tuberosum L.). Technical University
of Tshwane.
Supervisor: Prof. PJ Jansen van Vuuren

OUTCOMES
Knowledge regarding the management of drip irrigation on potatoes in South Africa.

The management intensity of a drip system and the cost of soluble nutrients in South Africa probably contributed to
the fact that more than ten years after this study was completed, the area under drip irrigation remains limited.
Water is agriculture’s most limiting natural resource, however, and with the increasing pressure on agriculture to
reduce water consumption, drip irrigation may be considered a cost-effective alternative in the years to come.
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