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Disclaimer

The information contained in this document results from research funded wholly or in part by the Potato Industry
Development Trust upon request of Potatoes South Africa acting in good faith. Opinions, attitudes and points of view
expressed herein do not necessarily reflect the official position or policies of Potatoes South Africa. Potatoes South
Africa makes no claims, promises or guarantees about the accuracy, completeness or adequacy of the contents of
this document and expressly disclaims liability for errors and omissions regarding the content thereof. No warranty
of any kind, implied, expressed or statutory, including but not limited to the warranties of non-infringement of third-
party rights, title, merchantability, fitness for a particular purpose or freedom from computer virus, is given concerning
the contents of this document in hardcopy, electronic format or electronic links thereto. References made to any
specific product, process or service by trade name, trademark, manufacturer or another commercial commodity or
entity are for informational purposes only and do not constitute or imply approval, endorsement or favouring by
Potatoes South Africa.

Vrywaring

Die inligting vervat in hierdie dokument is die resultaat van navorsing wat ten volle of gedeeltelik befonds is deur die
Potato Industry Development Trust op versoek van Aartappels Suid-Afrika, handelend in goeder trou. Menings,
sienings en standpunte hierin vervat reflekteer nie noodwendig die amptelike standpunte of beleid van Aartappels
Suid-Afrika nie. Aartappels Suid-Afrka maak geen aansprake, beloftes of waarborge oor die korrektheid,
volledigheid of toereikendheid van die inhoud van hierdie dokument nie en ontken uitdruklik aanspreeklikheid vir
foute en weglatings oor die inhoud daarvan. Geen waarborg van enige aard, hetsy geimpliseerd, uitdruklik, of
statutér, insluitende maar nie beperk tot die waarborge van nie-skending van derdeparty-regte, ftitels,
verkoopbaarheid, geskiktheid vir 'n bepaalde doel of vry van rekenaarvirus word gegee te opsigte van die inhoud
van hierdie dokument in gedrukte formaat, elektroniese formaat of elektroniese koppeling daaraan. Verwysings na
enige spesifieke produk, proses en diens by wyse van handelsnaam, handelsmerk, vervaardiger of ander
kommersiéle kommoditeit of entiteit is slegs vir inligtingsdoeleindes en vorm of impliseer nie goedkeuring,
onderskrywing of begunstiging daarvan deur Aartappels Suid-Afrika nie.
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EXECUTIVE SUMMARY

The weight loss of potato tubers in South Africa is higher than reported in other countries where
potatoes are stored under conditions of low temperature and high relative humidity. This is the
first study under local conditions where potatoes are harvested, packed in paper bags and
marketed within a week. This study is unique in the sense that potatoes are harvested during
different times of the year under different conditions during the growing season and harvesting.

Effect of varieties: Trials at the Agricultural Research Council - Vegetables and Ornamental
Plants (ARC VOP) investigated the weight loss of 18 different varieties. Although the general
response was the same with a higher initial loss and flattening off after day two to four, the weight
loss for the 18 varieties varied between 2.03 % and 4.06 % seven days after harvesting, and
between 3.86 % and 7.52 % 17 days after harvesting. Mechanisation on these trials was minimal,
with tubers harvested by hand and the skinset good.

Five varieties were harvested from the farm surveys in the study. Only Mondial and Sifra were
grown and harvested in different regions, and the average weight loss of these varieties seven
days after packing was around 4 %. The other three varieties (BP1, Lanorma and Valour) were
each grown in one region only.

Mechanical damage: The different harvesting, washing and sorting practices affected weight
loss. It was shown that in general, the washing equipment had the highest impact on weight loss,
followed by harvesting, with the sorting equipment having the least impact, with some
producers/regions even correcting the mechanical impact of the harvesting and washing
processes during the packaging process.

Temperature: Weight loss correlated to the temperatures experienced during the growing season
and harvesting. Higher temperatures correlated to higher losses. Harvesting throughout the year
in different regions significantly influenced the differences recorded in weight loss. Skinset,
mechanisation, production practices and varieties used make these phenomena highly complex
and very difficult to control. Longer periods of skinset should be allowed (three weeks after vine
kill) in areas where harvesting is done above 30 °C.

Weight loss in different regions: Surveys done on 52 commercial operations in seven different
production regions reported a weight loss seven days after packaging of between 1.7 % and 6.3
%, with an average loss of 3.7 %. Several conditions contributed to this variation. Production
practices, soil preparation and degree of mechanisation were not quantified for the different units.
The units in the different production areas differed with respect to varieties planted,
environmental conditions, soil conditions and production practices. The producer’s attention to
detail in these operations lowered the impact on weight loss, with some of the producers using
bulk potato lifters, achieving the lowest yield losses in this survey.

Weight loss differences measured on day seven after packaging for all regions varied from 1.7
% 10 6.3 %. In five of the 52 cases, weight loss was higher than 5 % seven days after packaging.

5
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Farmers can reduce weight loss by changing their practices. Production practices to reduce
weight loss include fertilisation, irrigation and time from vine desiccation to ensure proper skinset
at the planned harvest date, and settings on the equipment.

1. INTRODUCTION

Consumers in South Africa are fortunate to have fresh potatoes year-round. Potatoes from about
55 000 ha are harvested every year and reach the consumer within seven days after harvest.
This, on its own, is to be commended. Other countries rely on the storage of potatoes due to the
seasonality of the crop in these countries. These stores are highly specialised to restrict water
loss as far as possible and to try to keep the load-out weight as close to the load-in mass as
possible. These stores allow for wound healing in the first 10 days after delivery. In South Africa,
most potatoes are sold to the consumer or processor in the first week after harvesting. Wound
healing takes place in the packed bag on its way to the consumer. Controlling weight loss under
these conditions is limited to production practices, harvesting and packing conditions.

Potatoes will sustain losses after harvesting because tubers are living organisms that “breathe”
to stay alive. Transpiration, respiration and tuber breakdown will determine the extent of losses
that will occur during this storage period. Whether the storage is done in a 10 kg paper bag on
the market floor or in a sophisticated store specifically designed for potato storage over long
periods, the conditions of both the tubers and storage will dictate the extent of these losses.

In an article published in the industry magazine Chips of Sept/Oct 2016, Dr Fienie Niederwieser
reported that the weight of packaged potatoes must still correspond with the weight indicated on
the packaging (e.g. 10 kg) seven days after packing. A survey conducted by Potatoes South
Africa’s information department found that significant differences exist in the weight loss in 10 kg
bags of different farmers in different regions. Degrading due to mechanical damage and browning
on the fresh produce markets account for 25 % of all degrading, followed by greening. Apart from
the losses incurred due to rejected tubers, additional losses to the producer result from the higher
labour cost of sorting out damaged tubers and increased wastage in-store due to increased
moisture loss, and the higher incidence of secondary infections (Gray & Hughes,1978).

Wustman and Struik (2007) identified two types of storage losses, namely weight loss and loss
in quality. They identified the major factors causing weight and quality losses as evaporation of
water (transpiration), respiration, changes in the chemical composition, damage by extreme
temperatures, and disease development. Storage conditions in the 10 kg paper bag deal with
both in a relatively short period. Weight loss is mainly due to the evaporation of water and the
respiration of the tubers. In contrast to bulk storage, no water vapour is added to maintain high
water vapour pressure. The lower water vapour pressure leads to water loss from the potato
tubers, resulting in higher weight loss than expected, as in controlled conditions.

Mechanical damage plays an important role in weight loss, as noticed with the 10 kg paper bags.
A large percentage of production losses for potato farmers worldwide is attributed to mechanical
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damage. This damage is primarily associated with harvesting and grading (Peters, 1996).
Commercial potato production in South Africa has become highly mechanised with regard to
production, harvesting, and handling operations done by machines, in some cases reducing the
use of people to the minimum. As mechanisation increases, so too does the potential of injury to
tubers, which impacts on the quality of packed potatoes delivered to the market. The majority of
potato tubers are packed as 7 or 10 kg in brown paper bags. This method allows respiration to
take place, but at the same time also keeps the tubers away from sunlight, preventing greening.
The extent of the handling and precautions taken during this process affects the potatoes during
storage in these bags. Mechanical injury affects the external quality of the tuber, increases the
susceptibility to and the occurrence of decay, and increases weight loss through evaporation and
respiration. Hudson and Orr (1977) reported the average weight loss of Norchip, Kennebec and
Viking tubers during bulk storage as 2.04, 2.33 and 1.75 g/kg (0.204 %, 0.233 % and 0.175 %
respectively) per week during the storage of potatoes. They also reported that the different
handling equipment did not affect this value.

Iritani, Pettibone and Welled (1977) reported that the harvesting date had no significant influence
on weight loss in the storage of tubers grown under a low fertiliser regime (vines died
prematurely). However, under a higher fertiliser regime, tubers harvested 21 to 45 days after vine
kill lost significantly less weight than those harvested two to 13 days after vine kill. These authors
also reported considerable seasonal differences in weight loss. During the 1971 growing season,
characterised by a prolonged period of extremely high temperatures, significantly higher tuber
weight loss was recorded during storage than was the case in the other seasons.

Aspects that affect weight loss include storage temperature, RH%, the thickness of the periderm
and the number of lenticels per tuber. Ezekiel et al. (2004) found that weight loss was higher in
cultivars with a thinner periderm, a lower number of cell layers in the periderm and a higher
number of lenticels. These authors also found that temperature and its influence on water vapour
pressure deficit of the surroundings affected weight loss. Weight loss at 4-8 °C is significantly
lower than at 12-16 °C. Daniels-Lake et al. (2014) also found that tubers with simulated
harvesting injuries lost weight more rapidly than intact tubers under different RH conditions, and
during subsequent cold storage. Weight loss seven days after harvesting at 95 % RH were 1.2
%, 1.7 %and 2.1 % for intact, abraded or cut tubers respectively. The same tendency was
reported by Ghazavi and Houshmand (2010) when investigating respiration rates at different
levels of mechanical damage. The highest respiration rate and weight loss were observed for the
tubers with scratched skin and pulp from mechanical damage, followed by tubers with scratched
skin, bruised tubers, and lastly undamaged tubers with the lowest respiration rate.

This project focused not only on weight loss over time, but expanded to look at the weight loss
at different phases of individual farming operations. This focus of this research is to guide
decision-makers regarding the weight loss of potatoes under the production and
marketing practices of potatoes in South Africa. To achieve this, several aspects were
investigated:

e what is experienced worldwide

o the outcomes of the controlled trial investigation

7
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e the current situation in South Africa

2. OBJECTIVES

This project aimed to understand the phenomenon regarding the weight loss of the 10 kg paper

potato bags and the factors affecting this. The project consisted of several aspects:

. Bagging survey

. Farm survey

. Factors that play a role and how these factors impact on maintaining a bag weight of 10
kg on day seven

+ Determining future research needed to investigate the factors identified to contribute to the
pockets not weighing 10 kg on day seven after packing (Proposed second phase if
needed)

3. PROJECT TEAM
ARC - Philip Steyn
PSA - Pieter van Zyl
PSA - Eugene Strydom
ARC - Madimetja Makgamatho
ARC - Pierre Fourie

4. MATERIALS AND METHODS

All analyses regarding the weight loss were carried out using GenStat 64-bit Release 18.1
FITCURVE directive (CURVE=exponential; SENSE=right) for the weight loss or ANOVA
directive (General Treatment Structure, no Blocking) for the tuber damage.

4.1. Paper bags used
Some paper bags were produced with a white layer of paper on the outside and a brown layer
on the inside, while the remainder of the 10 kg bags were made up of two layers of brown paper.
All paper bags used adhered to the SANS 1756:2017 standard set by the South African Bureau
of Standards (SABS).

4.2. Roodeplaat trials
Two trials were conducted to monitor weight loss after harvesting and packaging.

e Trial 1075 was planted as a randomised block design with three replications at
Roodeplaat on 15 August 2016 and harvested on 19 January 2017. The varieties
included in this trial were BP1, Buffelspoort (BFP), Hertha, Mnandi, Mondial, Pentland
Dell (P Dell), Up-To-Date (UTD) and Vanderplank (VDP). Potatoes were packed in 10
kg bags and stored at room temperature for the duration of the trial (17 days). The bags

8
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were weighed on specific days to monitor the weight loss over time. The weight on the
day of packaging was used as the benchmark weight and was used to determine the
percentage of weight loss for the duration of the trial.

All treatments were done according to the designated blocks as planted on the field.

e A demonstration trial was planted as single rows of the following varieties: Almera,
Electa, Labadia, Lanorma, Markies, Navigator, Panamera, Savanna, Sifra and Valor.
Planting and harvesting were done in the same time slot as Trial 1075. The weighing
was done similar to Trial 1075. Evaluation of only one bag per variety was done over the
17 days.

4.3.  On-farm surveys
The on-farm surveys were divided into a number of distinct actions:

e Determining a representative weight loss as experienced in South Africa using the
standard brown potato bags over a seven-day storage period.

e Determining weight loss during a storage period of eight to 10 days. For this
determination, the 7-10 kg bags collected during the survey process were stored at room
temperature and weighed at regular intervals during the storage period.

e Determining the impact of mechanical damage on weight loss at the different survey
points.

The first farm survey started in 2017 with potato producers based in the Eastern Free State,
where the weights of the bags were measured on the day of harvesting. Potatoes were stored
on the farm or at the Tshwane/Johannesburg market. The weight of each bag was again
measured eight days after harvesting. Mechanical damage was scored by PROKON inspectors
on the Tshwane market floor. The percentage of damage was calculated based on the weight
change of damaged to undamaged tubers (Figure 3).

The remaining farm surveys were done in different areas during the harvesting process (Table
1). Important to note is that almost 100 % of all potatoes lifted on a day were washed, sorted and
packed on the same day. Delivery to the client took place as soon as packing was completed,
and no storage was done on-farm for longer than one to two days.

Four on-farm sample points were isolated to monitor the complete process from harvesting to
packaging. The first point was done by lifting potatoes in the field being harvested by hand.
Tubers with no blemishes were selected and packed in the same bags as those being used on
the farm. This was done to determine the weight loss baseline (field sample). The second
sample was taken in the intake hopper at the packing shed after delivery but before processing
(hopper sample). The collection point would monitor the harvesting process and the transport
to the packing shed and the method of offloading. The third sample was taken after the potato
washing process. The washing process was singled out due to the harshness of the process on
potato tubers (washing sample). The fourth and final sample was taken from the Class 1
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packing line after bagging was complete (sorting sample). Three samples of around 7-10 kg
were taken at each of the four collection points. At all the survey points, care was taken to select
Class 1 potatoes.

All bags, with the exception of those from the Sandveld, Douglas and Christiana areas, were
delivered to the Agricultural Research Council (ARC) campus at Roodeplaat (Vegetables and
Ornamental Plants) for processing, data collection and weighing. The bags of the three
mentioned areas were kept at selected storage points in the production area for further
processing. The weight of each bag was reported on the sampling date and then on specific
days for at least eight days after harvest. After eight days, the bags were opened and scored
according to the process done by PROKON on the market floor (based on weight). The field
sample was used as the benchmark weight in comparing weight loss percentages.

Table 1 is a summary of the surveys conducted in the different production areas, indicating the
survey dates and the different varieties monitored.

Table 1: Summary of the number of farm surveys done per area and varieties planted

Survey Date | Area BP1 | Lanorma | Mondial | Sifra | Valor (?rl;)e}[r;:j
16-Jan-18 | Petrusburg 6 6
27-Feb-18 | Warden 3 1 4
13-Mar-18 | Bethlehem 6 6

28-May-18 | Christiana 4 4 8
28-May-18 | Douglas 6 6
28-Sep-17 | Baltimore 4 1 5
06-Nov-17 | Dendron 1 8 2 1 12
05-Dec-17 | Sandveld 3 2 5

Grand Total | 1 6 34 10 1 52

Data collected for both Roodeplaat trials and on-farm surveys:

e Bag weight to determine the weight loss over time (2 g accurate).

o Tuber evaluation at the end of the storage period to determine the extent of the weight
loss cause. The damage was collected as wilting/scuffing, mechanical damage and
rotting, which was done by dividing the tubers into different classes. Each tuber could
only be placed in one class. Each class percentage was based on the weight of tubers
in the class.

e For this investigation, the damage classes were pooled and compared with the
unblemished tubers. This process was done for each bag individually to isolate the effect
of each of the four collection points. The final weight percentage of undamaged to
damaged tubers was determined.

o Tuber evaluations were done to isolate the effect of mechanical damage at each survey
point. These evaluations were done on the last day that the weight loss was monitored.
Bags were opened on day eight to 10 after harvesting and divided into groups:

10
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unblemished, mechanical damage, scuffing/wilting and rotting. The weights were
recorded in all the groups. The analysis was only done on the undamaged to damaged
percentage. All the groups that showed signs of damage, wilting or rotting were grouped
as damaged. These groups were also separated according to the on-farm collection
points to isolate the damage caused at each collection point.

o Weather data for the different survey locations was not available, and the historical long-
term average date was used for comparing different production areas (Appendix A).

5. RESULTS
The storage conditions reported here must not be confused with the results obtained with bulk
storage in dedicated stores. The weight loss in these bulk stores is restricted by ensuring that
the humidity is high throughout the storage period in order to reduce transpiration. The
temperature is around 5 °C to limit losses due to respiration and disease breakdown. With the
storage of potatoes for consumption, chemicals can be used to inhibit sprouting. During bulk
storage, a period of 10 days at 15 °C and a high RH is allowed for wound healing. In South Africa,
this is the period in which potatoes are marketed, and the conditions in the paper bags are far
from the ideal storage and ventilation conditions found in dedicated potato storage facilities.
Understanding production, harvesting, mechanisation and varieties is key in reducing these
losses in South Africa.

5.1, Roodeplaat trials regarding weight loss — Trial 1075
Trial 1075 was planted as a randomised block design with three replications at Roodeplaat on
15 August 2016 and harvested on 19 January 2017. The varieties included were: BP1, Hertha,
Mondial, Up-to-Date (UTD), Buffelspoort (BFP), Mnandi, Pentland Dell (P Dell) and Vanderplank
(VDP). Potatoes were sorted into different size classes: Large (above 170 g), Medium (90-170
g), Small (50-90 g) and Unmarketable. The tubers from the Medium class were used to determine
weight loss. After washing and sorting, the potato tubers from the Medium fraction were packed
into 10 kg bags and stored at room temperature (15-20 °C) for the duration of the trial (17 days).
These trials aimed to understand the weight losses experienced and the role that varieties can
play in reducing these losses. The conditions of harvesting were on a small scale with limited
mechanisation. Low weight loss is expected to be associated with these conditions.
From the data in Figure 1, the following is noted:
o Weight loss in general at seven days after packing was below 3 %.
e Weight loss increased by around 4 % and higher at 17 days.
o The potato varieties BP1 and Pentland Dell (P Dell) lost weight faster from day seven
to 17 than the other varieties in the trial. The weight loss for all varieties on day 17 was
just below 6 %.

11
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--BP1 Buffelspoort
Hertha Mnandi

——Mondial ——P Dell

->UTD —8—Vanderplank

R2=93.6%

p <0.001

Std Error = 0.379

0 2 4 6 8 10 12 14 16

R O L N W & 01 O N O

Weight loss of packed bag (%)

Days after packing

Figure 1: Weight loss of various potato varieties after packaging in 10 kg paper bags

18

9.2.  Varieties from demonstration trial
A demonstration trial used for the training of PSC certification officers was also analysed in the
same way and time as Trial 1075, but no replications were planted and analysed (Figure 2), as
they were for the varieties in Trial 1075. From the variety analysis in Figure 2, it appears that
these varieties can be divided into three groups. The group showing the highest weight loss
includes Almera, Valor, Sifra, Savanna and Labadia. The group showing the lowest weight loss
includes Navigator and Markies, with the varieties Lanorma, Electra and Panamera following an
average pattern. Planting was done on 11 August 2016 and harvesting on 19 January 2017,
which is seen as a summer planting growing into warmer conditions reaching 34 °C. All varieties
died of natural and were harvested on 19 January 2017. Fertiliser targeted 50 tonnes per hectare.

This marked the first time that this type of work was done in South Africa to determine the weight
loss of potatoes in paper bags. The most important aspects to take from this research are the
following:

e Weight loss can be described mathematically through a simple exponential curve.

e Both trial results in Figure 1 and Figure 2 show weight losses above 2 % on day seven.

e The losses in Figure 2 at day seven were higher at 2.35-4.06 %, with Figure 1 reporting
losses for the same period a bit lower at 2.03-2.81 %.

e The losses at day 17 were 3.82-5.88 % in Figure 1, and 3.98-7.52 % in Figure 2. The
varieties in Figure 2 were not replicated, but both plantings were done in the same
production slot in the same field.

e Varieties differ from one another in respect of weight loss over time.

12
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—B8-Almera —o—Electa

7 Labadia Lanorma
6 || —k—Markies —e—Navigator
—>»—Panamera —@—Savanna
—e—Sifra

Weight Loss (%)
6]

2 R2 = 93.6%
. p <0.001
Std Error = 0.379
0
0 2 4 6 8 10 12 14 16 18
-1
Days after harvest
Figure 2: Weight loss of various potato varieties after packaging in 10 kg paper bags
5.3  On-farm surveys
5.3.1. First farm survey regarding weight loss of packed potato bags
The first on-farm survey on the weight loss of
potatoes after packaging showed a trend b i diidnie ot iilios ki
towards increased losses as time progressed g [v-o98sex+2.22
(Figure 3). From this data, it is clear that there . R’-0.3208
is a relationship between mechanical damage
and the weight loss measured, even though = i§
the correlation is only 32.7 %. The evaluation g° ;
needs to be refined more in order to extract g'“ LT
more value from future surveys. 2 ey
2 AT

Most of the damage scored was below 20 % 1
of tubers in the sample. Average weight loss o
of 34 % in the seven days following o o M.,c.ff.‘f;?ﬂ.oa::;’i (%) Ao
harvesting and packaging was recorded. The : _
correlation also indicated that high mechanical | Figure 3: The correlation of potato tuber
damage could lead to weight loss of upto 6 %. | Weight loss to mechanical damage in the
This corresponds to the findings reported in Eastern Freestate 2017 harvesting season.

Figure 1 and Figure 2, with weight loss
reported below 4 %.
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Going forward with this investigation, it was important to extract more value from the on-farm surveys. To
achieve this, it was decided to scrutinise the harvesting/packaging process at different stages of the
complete process. The weight loss was also monitored at different intervals after packaging and up to at
least eight days after harvesting and packaging. The process was divided into different collection stages,
as discussed further.

Potato production in South Africa takes place at different times in different production regions (Table 1,
Figure 4). This allows for year-round production in South Africa, but it also poses different challenges in
the different regions due to the different environmental conditions and production practices followed in
each region. This discussion is presented for the different regions, starting with harvesting in January and
extending to December.

5.3.2. Petrusburg

Petrusburg is situated in Region 8
(Figure 4). Rainfall in this area is
low, with the long-term total during
the production area below 200
mm. For this reason, production in
this area relies on irrigation
(Appendix ~ A).  Temperatures
during the season fluctuate from 6-

CapeTown g WESTERN CAPE"

31 °C. Temperatures during I PR ol
harvesting are warm and range ) ) -
from 24-31 °C. Figure 4. Potato production regions in South

Africa ( http://www.potatoes.co.za/regional-
services.aspx as on 04 March 2019).

The samples were collected from
six producers during the week of 16 January 2018. The data for this region is shown in Figure 5.
The thicker black line represents the average observed. The weight loss for this region at seven
days after harvesting was 3.23-6.20 % with an average of 4.63 %.

The total weight loss on day seven was below 6 %, with the exception of Survey F18004, which
did not follow the same pattern and was higher at 7.85 %. This is not the norm for the region and
needs further investigation, as the reason for this is not obvious. The rating regarding mechanical
damage for this survey was 17.9 %, which was below the regional average of 25.7 %. Mondial
was monitored in all six surveys.

5.3.3. Eastern Free State

The Eastern Free State is situated in Region 7 (Figure 4) and includes the areas of Bethlehem
and Warden. Rainfall in this area is relatively high, with the long-term total during the production
period at around 400 mm. This is the largest dryland production area in South Africa, but
production under irrigation is also done (Appendix A). Planting time for dryland is mainly from
October, but planting under irrigation can be from September. Temperatures during the season
fluctuate between 13 and 27 °C. Temperatures during harvesting are warm at around 25-27 °C.

14
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The samples were collected during the week of 27 February 2018 from four producers in the
Warden area and during the week of 13 March 2018 from six producers in the Bethlehem area.
One planting surveyed at Warden planted Sifra, while all the other plantings surveyed planted
Mondial. The data for this region is shown in Figure 5. The thicker black line represents the
average observed. The weight loss for this region at seven days after harvesting was between
1.81 % and 4.52 %, with an average of 3.54 %.

The total weight loss on day 10 was 4.33 % on average, and none of the surveys was outside
the norm for the area. Dryland potato production faces several challenges during the season.
Fields cannot be irrigated before harvesting, and tubers tend to be stored in the soil for long
periods. The dry conditions during harvesting can lead to pressure bruising. Potatoes that are
stored for long periods in the soil will wilt over time, leaving the tubers prone to blackspot bruising
and sprouting. These conditions will result in weight loss before and after harvesting due to higher
respiration rates.

5.3.4. Christiana

Christiana is situated on the border between Region 5 and Region 14 (Figure 4) but falls under
the North West Province in Region 5. This area has two planting times — one starting at the
beginning of November, and the main planting being done in January and growing into the winter.
Rainfall in this area is low, with the long-term total during the production area at around 278 mm.
This is an important seed potato production area in South Africa, with production under irrigation
from the Vaal River (Appendix A). Temperatures during the season fluctuate from 5-33 °C.
Temperatures during planting are high at 16-33 °C on average, but conditions during harvesting
are cooler, ranging from 5-22 °C.

The samples were collected from eight producers during the week of 28 May 2018 and were split
evenly with four surveys for both the Sifra and Mondial varieties. The data for this region is shown
in Table 4 and Figure 5. The thicker black line represents the average observed. The weight loss
for this region at seven days after harvesting was between 2.07 % and 3.28 %, with an average
of 2.66 %.

None of the surveys stood out and they were all very close to one another, with the average
weight loss after 10 days being a low 3.74 %.

9.3.5. Douglas

Douglas is situated in Region 14 (Figure 4) but falls under the Northern Cape Province. Although
planting starts in December, the main planting is done in January to the beginning of February.
Rainfall in this area is low, with the long-term total during the production period being around 220
mm. The area is situated on both the Vaal and Orange rivers. This is an important seed potato
production area in South Africa, with production under irrigation from both rivers (Appendix A).
Temperatures during the season fluctuate from 5-35 °C. Temperatures during planting are high
at 18-35 °C on average, but conditions during harvesting are cooler, ranging from 5-26°C.

The samples were collected from six producers during the week of 28 May 2018, with all surveys
for the Lanorma variety. The data for this region is shown in Figure 6. The thicker black line
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represents the average observed. The weight loss for this region at seven days after harvesting
was between 1.86 % and 4.27 %, with an average of 2.66 %.

With the exception of potatoes from one
particular survey, all the surveys were
very close to one another, with the
average weight loss after 10 days being
a low 3.08 %. Mechanical damage
observed for the region was high after
sorting, with the average for the region
being 83 %. It is speculated that the low
weight loss was due to the lower
environmental temperatures, leading to
lower respiration and higher humidity in
the bags and resulting in reduced
evaporation.

9.3.6. Baltimore

Baltimore is situated in Region 11
(Figure 4) but falls under the Limpopo
Province. The production season for
this area is March to September and it
is seen as a winter production area.
Rainfall in this area is low, with the long-
term total during the production period
being around 107 mm with almost no
rain in the bulking period. This area is
part of the greater Limpopo area and
forms part of the most important table
potato production area in South Africa.
Due to the poor rainfall during the
production period, all plantings are

Weight loss - Petrusburg

p < 0.001
R?2=87.4
Std error =0.581

Weight Loss (%)
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o
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Weight loss - Eastern Free State

p < 0.001
R2 =959

Std error =0.344

Weight Loss (%)
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p < 0.001
RZ2=777
Std error =0.817

Weight Loss (%)

B O R N WAOO O N ®

Days after harvest

Figure 5. Weight loss of potatoes after harvesting packed
in 10 kg paper bags for the production areas:
Petrusburg, Eastern Free State and Christiana

done under irrigation (Appendix A). Temperatures during the season fluctuate from 5-29 °C.
Temperatures during planting are high at 16-29 °C on average. Conditions cool down during
production but increase again toward harvesting. During harvesting, temperatures rise again,

ranging from 12-29 °C.

The samples were collected during the week of 28 September 2017 from five producers, with
four surveys using the Mondial variety and one using the Sifra variety. The data for this region is
shown in Table 6 and Figure 6. The thicker black line represents the average observed. The
weight loss for this region at seven days after harvesting was between 3.30 % and 5.01 % with
an average of 4.33 %. The average weight loss for this region at seven days after packaging was

4.3 %.
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All surveys were very close to one another for this area, with the average weight loss after seven

days being 5.04 %.

5.3.7. Limpopo - Mogwadi
(Dendron)
Mogwadi is situated in Region 11

(Figure 4) but falls under the
Limpopo Province. The production
season for this area is May to
October and it is seen as winter
planting growing into summer.
Rainfall in this area is low, with the
long-term total during the production
period being around 160 mm, with
some rain in the bulking period
towards harvesting. This area is part
of the greater Limpopo area and is
the most important table potato
production area in South Africa. Due
to the poor rainfall during the
production period, all plantings were
done under irrigation (Appendix A).
Temperatures during the season
fluctuate from 5-28 °C.
Temperatures during planting are
moderate at 8-24 °C on average.

Conditions  cool down during
production but increase again
toward harvesting. During

harvesting, temperatures rise again,
ranging between 14 and 28 °C.

Weight Loss (%)
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Weight Loss (%)
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Weight Loss (%)
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Weight loss - Douglas

p <0.001
R?=95.9
Std error =0.344

Weight loss - Baltimore

p<0.001
R? =987

Std error =0.202

Weight loss - Mogwadi (Dendron)

p <0.001
R2=281.0
Std error =0.708

Days after harvest

Figure 6. Weight loss of potatoes after harvesting packed in

10 kg paper bags for the production areas:
Douglas, Baltimore and Mogwadi (Dendron)

The samples were collected from 12 producers in two different time slots in this area — the last
week of October 2017 and the first week of November 2017. All the operations were in the
Mogwadi production area. The varieties surveyed were Valor, BP1, Mondial and Sifra.

The data for this region is shown in Figure 6. The thicker black line represents the average
observed. The average weight loss for this region at seven days after harvesting was 4.2 % and
the weight loss on day seven was between 2.29 % and 6.26 %, with an average of 4.20 %. The
weight loss range in the area was large. This area also relies extensively on bulk harvesting
equipment to reduce labour. What is interesting from the surveys where this equipment was used
was that the weight loss, in general, was lower than in the surveys where labour was used to
pick up the potatoes. This demonstrates the understanding of some producers regarding the
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conditions required during harvesting and the setting of equipment to achieve low levels of weight
loss. The temperatures during harvesting were high, resulting in poor skinset in some of the
surveys. Poor skinset also led to higher damage during the washing process, leading to a wider
weight loss range for this area.

5.3.8. Sandveld

The Sandveld is situated in Region Weight oss - Sandveld

16 (Figure 4) but falls under the ’ p <0001

Western Cape  Province. The <8 [5¢ error =0.628

production season for this area is “i

throughout the year. This survey fell % 3

during the July-December production E i

period and is considered a winter N I ! I 1 L L !
planting growing into summer. Days after harvest

Rainfall in this area is low, with the | Figure 7. Weight loss of potatoes after harvest packed
long-term total during the production in 10 kg paper bags for the production area:
period being around 100 mm Sandveld.

(Appendix A). Rainfall in this area is 8 _ -

not dependable and all production is § I o R
done  with imigaton  from s |L_—=Sandveld — Warden mAverage .
groundwater. This area was an | £ 3 Rera = f’"’f —
important seed production area, but _E; 4 —

due to virus pressure, it has become g‘ :

more important for table production §

and for supplying the factory at "

Lambert’s Bay. Temperatures during 4 R

this production season fluctuated

from 5-34 °C. Temperatures during | Fig,re 8. Weight loss of potatoes packed in South Africa
planting were moderate at 6-20 °C.

Conditions warmed up during
production and temperatures increased towards harvesting. During harvesting, temperatures
were between 14 and 28 °C.

The samples were collected from 12 producers during the week of 5 December 2017. The
varieties surveyed were Valor, BP1, Mondial and Sifra. The data for this region is shown in Table
8 and Figure 7. The thicker black line represents the average observed. The average weight loss
for this region at seven days after packaging was 4.2 % and the weight loss at day seven was
between 2.29 and 6.26 °C, with an average of 4.20 °C. The weight loss range from the area was
large, with no obvious outliers. This area also relies extensively on bulk harvesting equipment to
reduce labour.

The samples were collected from five producers during the first week of December 2017. The
data for this region is shown in Figure 7. The thicker black line represents the average observed.
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The average weight loss for this region at seven days after harvesting was 3.00-6.05 %, with an
average of 4.91 %. The weight loss after 10 days on average was 5.79 %.

6. Discussion - Potato pocket weight loss over time
The collective of all surveys combined is shown in Figure 8. The weight loss at day seven was
between 2.62 % and 4.91 %, with an average of 3.88 %. This value represents averages, and
by the nature of the individual surveys, this will vary around the average.

This average is much higher than the losses reported by Hudson and Orr (1977), who found the
losses for the varieties Norchip, Kennebec and Viking during bulk storage to be 0.204 %, 0.233
% and 0.175 % per week respectively. One should remember that bulk-stored potatoes are
normally stored at temperatures of around 5-8 °C at an RH of 95 % (Ezekiel et al., 2004).

Figure 9 combines the data to indicate the situation across South Africa regarding the different
varieties being planted. As Iritani et al. (1977) reported, different intervals and a higher fertiliser
regime would significantly impact on weight loss. They also reported considerable seasonal
differences in weight loss, with warmer seasons having a more dramatic impact.

Daniels-Lake et al. (2014) reported weight losses of up to 2.1 % seven days after harvesting, but
this was also at high RH and low storage temperatures. Taking all this into consideration, the
average loss of 3.88 % is acceptable and in line with the international findings. The range of
variation in weight loss across all the surveys at seven days after packaging was between 1.70
% and 6.26 %.

A total of 52 plantings were surveyed. The number of varieties included in these surveys varied
from one for both BP1 and Valor, to six for Lanorma, 10 for Sifra and 34 for Mondial. The results
will be skewed due to this and should be seen in that context. The combined weight loss per
variety over all the areas is
shown in Figure 9.

all ——BP1 —#—Lanorma | _
_ | e === | .
The correlation (goodness of fit) £, [0 ’ e
found in the investigations for -
the individual farmers was 95 % _3%3 _
in all the regions. For the =
different  regions, it was I
0t

between 75 % and 87 %. What ; ; :
is clear from the study is the Days after harvest
huge  variation  between
different farming operations and | Figure 9. Weight loss of different potato varieties from 52
different  regions. This is | on-farm surveys in different production regions.
influenced by several factors
like transport conditions, storage conditions, time of harvesting after senescence ensuring proper
skinset, production season, harvesting conditions and equipment used, to name a few.
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It is important to have the regulation regarding the advertised weight and the actual weight as
close to the date packed as possible, due to the influence time has on this weight loss.
Advertising the weight on the package as a weight when packed.

6.1.  Impact of mechanical damage on weight loss
The impact of mechanisation on weight loss was determined by measuring the weight loss at

different stages of the harvesting, washing, sorting and packaging process. To quantify each
area, the weight loss at the previous survey point was deducted from the measured point. The
survey process was started by lifting material from the field using forks. This is seen as the
method causing the least amount of mechanical damage and served as the baseline regarding
weight loss. Although this was done for every individual surveying point, the results per area will
be discussed.
Two aspects were investigated in this study:

v The weight loss over 10 days after harvesting for the different areas

v The actual damage for the different areas at each survey point after storage of eight to

10 days

6.2.  Weight loss at different sampling points during on-farm surveys

The results for each area over the storage
period are summarised in Figure 10 and

Weight loss during harvesting and sorting

: : 8

Figure 11. As expected, the weight loss over R — - .

the storage period followed the same pattern p < 0.001 p<0001  p<0.001 p <0001
. . ] R2=64.0% R2=70.5% R?=67.8% R?=70.3%

as total loss over time, as discussed above. %

Figures 10 and 11 show that as %

mechanisation increases, so too does the 53

loss in weight measured. The regional 2 P —

differences can be explained due to 1 =

seasonal, variety and  production b " . . i

d iffe rences . Days after harvest

10

Figure 10. Weight loss of different operations during

In general, farmers using larger automated | the potato lifting and packaging process in South Africa

harvesting equipment were not at a

disadvantage compared to farmers using

smaller equipment with people picking up the potatoes after the harvesting process. This is a
clear indication that farmers using automated equipment knew how to use the equipment, as well
as the soil conditions, to achieve the best results. The alternative comment can also be made
that farmers using smaller equipment and picking up potatoes by hand should be evaluating the
conditions, and should also be changing the settings on their equipment and improving field
conditions to reduce mechanical damage.

Comparing different regions with one another in South Africa has a number of pitfalls, with the
first being the time of year of the survey. Table 1 shows the dates of the individual surveys. Both
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Table 1 and all the regional figures are organised so that the survey data is taken into
consideration. The next important aspect is the production practices followed in the different
regions. In some areas where production is done in soils with lower clay content, harvesting
conditions might have been easier, but on the other hand, they experience more difficult
production conditions regarding fertigation and irrigation. The care taken during hand harvesting
is also indicated in Figure 11, affecting the baseline of the survey. Skinset plays a crucial role,
and in warmer harvesting times, a longer period to achieve proper skinset should be considered
under these conditions.

In most areas, the tendency of increasing weight loss with the increase in mechanisation is clear.
The areas of Petrusburg, Douglas and Baltimore showed much higher damage, and each
production unit should investigate the reasons for this. The damage caused by the washer units
in Christiana, Douglas, Baltimore and Dendron was high and this should be investigated in these
areas. The size of the washing equipment and the process might be more aggressive than what
is needed.
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Figure 11 Tuber weight loss per operational area

Weight loss over 10 days after harvesting shows
the impact of the specific action. Field represents
the basis of the weight loss. Potatoes were
harvested by hand to limit any damage. Samples
from the hopper represent the harvesting and
transportation to the shed; the washer represents
only the washing operation, and the table is the
complete proses after washing until the completion
of the bagging process.
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6.3.  Mechanical damage at different sampling points during on-farm surveys
Figure 12 shows the effects of
mechanical damage across
all surveys from the seven
production areas surveyed.
The collection points across 65

85 SA Operation

South Africa that caused the |
most damage are the 245
washing operation, followed §25

by the harvesting and delivery

process, with the sorting table 5 I I
causing the least damage. -

Field Hopper Washer Sort Index

-15
The higher increase in weight Area of evaluation
loss after the washing
process is noticeable. This is
understandable due to the
high premium placed on washed potatoes with a good skin finish. The data collected indicates
that the different operations across South Africa need to re-evaluate the results according to the
equipment used in the washing process. Two aspects need consideration: Firstly, the brushes —
both the type and number of brushes needed to achieve the desired effect versus the damage
caused; and secondly, the production practices in the field, especially the time allowed between
burning off and harvesting, and the soil moisture content during harvesting.

Figure 12. Mechanical damage associated with the potato
harvesting, sorting and packaging process in South Africa

The survey process followed during this investigation is easy to implement on a farm. Samples
should be taken weekly at the different locations and packed in 10 kg bags, followed by storage
in the packing shed. The results should be taken after seven days and the corresponding
corrections should be applied to the operation. The process should then be repeated. This survey
should be repeated weekly so that the ongoing progress can be monitored and the aspects
implemented and quantified, and the financial implication determined.
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Figure 13. Tuber damage per production
area.

This rating represents the combined rating from
all the surveys in a specific area showing the
mechanical damage per sample point of the
surveys in the production area.

The index is the success rate of operations in a
production area to restrict mechanical damage.
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6.4. Impact of seasonal temperatures on weight loss

Iritani et al. (1977) reported that
their 1971 growing season was
characterised by a prolonged
period of extremely high
temperatures and that they 4
experienced significantly higher
tuber weight loss during storage
than was the case in the other
seasons. This finding was tested
by correlating the weight loss at I
day seven after harvesting with
the minimum, average and
maximum temperatures during 0 10 20 30
the season, as reported in Temperature (°C)

Addendum A.

6

xX

X
X

R?=0.8913 R2=0.7935 Rz =0.9003

Weight Loss (%)

Average Min X Max

Figure 12. Relationship between weight loss at seven days
after harvesting for the different production areas, and the

The relationship between weight season temperatures associated with the specific area

loss and seasonal temperature

fluctuations was investigated (Figure 12). The temperatures represent the seasonal minimum,
maximum and average. The correlation values ranged between 79.3 % and 90 %. By replacing
the seasonal maximum value with maximum harvesting temperatures, the correlation dropped
to 88.9 %. The temperatures during harvesting have a significant impact on increasing the weight
loss of tubers harvested during warmer conditions.

Iritani et al. (1977) also reported that the harvesting date had no significant influence on weight
loss in the storage of tubers which were grown under a low fertiliser regime (vines died
prematurely). However, under a higher fertiliser regime, tubers harvested 21-45 days after vine
kill lost significantly less weight than those harvested 2-13 days after vine kill. The condition
described here is typical of the large commercial productions in South Africa. High yields are
targeted by most commercial producers, leading to high fertilisation regimes and burn-off to
schedule harvesting on specific dates. As a general rule, skinset is taken two weeks from burn-
off. This practice under different production areas, varieties and harvesting times needs to be
more specific to the conditions in the area. Harvesting at 21-31 days is perhaps more suitable.
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7. CONCLUDING REMARKS AND RECOMMENDATIONS

Comments made are generalisations for the regions and production as a whole in South Africa.
Farmers have achieved a great deal since the Second World War when soil preparations,
planting and harvesting were done with the use of animals. In the 70 years since, the scenario
in South Africa has changed from small-scale potato farming to a highly mechanised industry
with less than 500 commercial farming operations in 2019 producing potatoes on 55 000 ha for
consumption by almost 60 million people, plus exports to other countries in Africa. Due to an
ever-increasing unit size (from around 15 ha/unit in 1986 to 108 ha/unit in 2019 - Figure 13),
producers today are relying more on higher levels of mechanisation to process the huge areas
planted in record times. The modern production practices impact on the quality of the tubers
being harvested, washed and packed. This can lead to variations in weight loss after packaging
due to the variations in environmental conditions and production practices on-farm, but this is
manageable by the producer.

SA potato industry - Hectares and crop size
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0 mmm Total Crop A
—Hectares 25@
—~ c
§ 60 ]
— 55 g
= =
n 5 =
8 ~
s 4 he)
8 2
g 4 2
35 g
30 .

Figure 13. Potato production in South Africa showing the increase in total production and
the decrease in hectares planted (Source: Potatoes SA)

Potatoes packed and sold within seven days demand smooth operations relying on processes
and equipment to manage this. Such mechanisation solves many problems, but at the same time
creates new and more sophisticated problems. Mechanisation comes at both an economical cost
and an educational cost. Producers need to understand all the aspects of the production chain
to be successful. This research showed that weight loss at seven days after
harvesting/packaging varies between 6.26 % and 1.70 % with an average loss of 3.53 %. Several
conditions were found to contribute to this variation. Production practices in the different areas
impact on this figure due to different levels of mechanisation, different environmental conditions,
different soil conditions (not mentioned in the discussion of results), and different varieties, to
name a few.
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The different harvesting, washing and sorting practices impact heavily on weight loss. It was
shown that in general, the washing equipment had the greatest impact on weight loss followed
by harvesting, with the sorting equipment having the least impact (with some producers/regions
even correcting the mechanical impact of the harvesting and washing processes).

The following serve as recommendations for future research:
e Contribution of varieties to the reduction of weight loss. This can include research on
skinset, the effect of fertiliser and irrigation
e Contribution of the washing, drying and polishing units on skin loss
e Impact of sanitation on the quality of potatoes
e Importance of environmental conditions

Over the years, these points have received attention, but new techniques and modern
approaches might give different insights into the weight loss of potatoes.
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