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Disclaimer 

 

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 the 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 with respect to the contents of this document in hardcopy, electronic format or electronic links thereto. 

References made to any specific product, process, and service by trade name, trade mark, 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-Afrika 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 geïmpliseerd, uitdruklik, of 

statutêr, insluitende maar nie beperk tot die waarborge van nie-skending van derdeparty-regte, titels, 

verkoopbaarheid, geskiktheid vir ŉ 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 

kommersiële 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 

 

1. Most of the available older potato cultivars have been studied intensively under South African conditions, and 

their nutrient requirements are well known. 

2. Nutrient requirements may vary between cultivars and across regions, and the requirements of newer cultivars 

released in South Africa have not been studied. 

3. Knowledge of the nutritional requirements of such cultivars, especially nitrogen (N) and potassium (K), which 

are taken up in largest quantities, is essential to fine-tune nutrient management and improve yield, quality and 

profitability.  

4. Literature suggests that study endeavours should not only focus on levels of N and K, but also investigate N-

K interaction (N:K ratios), since yield response to K is related to N status in the soil.  

5. This study was conducted to evaluate the response of two foreign potato cultivars, Innovator and Lanorma, 

to nitrogen (N) and potassium (K) levels under South African conditions.  

6. Two trials were conducted, firstly a pot trial, followed by a field trial. For the pot trial, the two cultivars were 

evaluated at four N levels and four K levels, giving 16 N x K treatment combinations (and N:K ratios). N levels 

ranged from 180 to 330 kg ha-1 and K from 160 to 370 kg ha-1. For the field trial, treatments were reduced to 

three levels of N and K each, i.e. 160, 230 and 300 kg ha-1, giving seven different N:K ratios.  

7. Destructive growth analyses were performed once during the growing season for the pot trial, while for the 

field trial, this was done four times during the growing season. Plant height, dry leaf mass, dry stem mass, 

stolon length, dry tuber mass and tuber number were noted. At final harvest, yield, specific gravity, chip colour 

and dry matter content were recorded. 

8. Growth analysis results for both trials showed that Lanorma outweighed Innovator in terms of dry leaf and 

stem mass. Lanorma plants were also taller and had longer stolons than Innovator. Innovator, on the other 

hand, had higher total tuber dry mass yield than Lanorma, although Lanorma had more tubers per plant. 

9. At final harvest for the pot trial, yield for Innovator was significantly higher than that for Lanorma. Yield for both 

cultivars were significantly influenced by N and K levels and ratios. N:K ratios ranging between 0.62 and 1.22 

showed a tendency for better yield than yields outside that ratio range, provided that none of the two nutrients 

was critically deficient.  

10. Tuber yields in the field trial showed similar responses to N:K ratios as in the pot study. Contrary to the pot 

trial, Lanorma had significantly higher tuber yields than Innovator in the field trial.  

11. Yield and tuber size generally increased with increase in N level. In most cases, yield also increased with 

increase in K, up to 230 kg ha-1, whereafter yields levelled off with further K increases. For the specific 

conditions, N and K levels of around 230 kg ha-1 gave optimal yields for both cultivars. These N and K levels 

agree with the current fertiliser guidelines for the specific soil conditions. 

12. Tuber specific gravity (SG) was influenced by N:K ratio for both cultivars. For both pot and field trials, N:K 

ratios of around 1.1, or less in most cases, gave better SGs for both cultivars. Innovator, the processing 

cultivar, had higher SG values as compared with Lanorma.  
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Chapter 1 

 

INTRODUCTION 
 

1.1 Background 

Potato (Solanum tuberosum L.) is the most important vegetable crop in South Africa, and worldwide it is recognised 

as one of the most important crops, ranking fourth amongst the top contributors to the food basket (Khan et al. 

2012). Ahmadi et al. (2010) predict that global potato production is likely to continue increasing significantly, which 

will largely benefit nations of the world in terms of food provisioning, nutrition and better economic returns. In the 

South African context, potato production makes up about 4% of the total agricultural production in the country, 

contributing 43% to the value of vegetables and 15% of horticultural products (DAFF 2013). 

In recent decades, there have been major advancements in agricultural production systems, including the 

establishment of new cultivars in order to increase yield, pest and disease resistance, and improve quality, 

marketable yield and resilience to abiotic stresses such as drought (Alva 2010, Abelenda et al. 2011). The 

complexity, though, is that while improved new cultivars may be able to better withstand biotic and abiotic stress 

conditions, their nutritional requirements may differ significantly to that of older cultivars, posing uncertainty to the 

successful production of such new potato cultivars (Westermann 2005). Alva (2010) indeed confirmed that cultivars 

differ in their responses to important inputs such as N and water, and therefore each cultivar’s requirements for 

nutrients must be known in order to increase yield, while at the same time minimising any negative impact on the 

environment. 

The potato has a high nutrient demand due to the crop’s shallow and poorly developed root system, accompanied 

by its tendency for high dry matter accumulation over a short time, which results in rapid uptake of more nutrients 

within a short time, as compared with other crops such as cereals. Nutrient management programmes, therefore, 

need to be carefully designed and implemented to ensure that production conditions meet agricultural requirements 

to effectively support sustainable potato production (Pehrson et al. 2011). This implies that production practices 

should be both economically and technically viable, while at the same time they should have reduced negative 

impacts on the environment (Alva 2010). One of the best ways of ensuring sustainable potato production is to 

ensure the proper management of nitrogen (N), phosphorus (P) and potassium (K) in a way that will give better 

results in terms of high yield and good quality potatoes (Khan et al. 2012).  

Although nitrogen (N) management practices have been well studied due to their high costs (Hopkins et al. 2010), 

rising environmental concerns regarding the leaching and pollution of groundwater resources, potassium (K) 

management has received less attention in developing countries. This has resulted in a decline in soil K reserves 

and deterioration in crop yields (Zhang et al. 2010). Potassium plays an important role in growth and yield, but its 

role in the tuber is particularly related to the quality of potatoes. For a progressive crop life cycle and sustainable 

potato production, best management practices for both N and K have to be developed for each new cultivar (Alva 

et al. 2011). In this regard, it is important to note that not only are the levels of nutrients in the soil of interest, but 

the interaction between nutrients such as N and K is also important, since yield response to K can be related to N 

status in the soil (Zhang et al. 2010). A study by Ruža et al. (2013), for example, showed that the application of K, 

without N, had no significant effect on potato yield. For the full exploration of a cultivar’s potential, it is therefore 

necessary to provide efficient crop management practices and a balanced nutrient programme (Moinuddin and 



  
  
 Final report: N and K nutrition of potato cultivars 2019       Page 9 
 

 

Umar 2004, Moinuddin et al. 2005). This includes optimal amounts and ratios of N to K to ensure high yield and the 

best quality potatoes (Zhang et al. 2010). 

It is clear that for optimal potato production, appropriate fertiliser levels and ratios are required (Zhang et al. 2010). 

Fertiliser requirements of older South African potato cultivars, such as BP1, have been studied intensively and have 

been used to develop local fertiliser guidelines (Steyn and Du Plessis 2012). However, little local research on potato 

nutrition has been conducted in South Africa in the past decade, and there is thus a need to optimise fertiliser 

guidelines for some of the newer available cultivars. Aspects such as nutrient ratios and the interaction effect of 

applied N and K are usually not taken into consideration in the current fertiliser programmes. Furthermore, nutrient 

requirements may vary across cultivars, and yield and quality attributes of a specific cultivar may vary according to 

the climatic conditions and production practices. For example, Steyn et al. (2009) compared two foreign cultivars 

with two locally developed cultivars under South African conditions and reported that foreign cultivars that were 

known to be adequate for processing elsewhere, had produced tubers of inferior quality under South African 

conditions. Appropriate local fertiliser programmes should thus be developed for specific cultivars to ensure optimal 

yield, better quality, and less environmental pollution (Alva et al. 2011). The aim of this study was, therefore, to 

examine the effects of N and K levels and ratios (at constant P level) on growth, tuber yield and quality of two 

relatively newly introduced potato cultivars (Lanorma and Innovator) under local conditions. 

In order to achieve the set objectives, the study was conducted in two phases. Firstly, a pot trial was conducted in 

a glasshouse on the Hatfield Experimental Farm of the University of Pretoria. For this first phase of the study, a 

wide range of nitrogen (N) and potassium (K) levels were evaluated under controlled conditions. The pot trial was 

then followed by a field trial on the same experimental farm, using the same soil type as in the pot trial, but with 

fewer N x K treatment combinations. The aim of the field trial was to confirm results that were obtained in the 

glasshouse study. The detailed methodology for each of the trials is described in Chapters 2 and 3. 

 

1.2  Study objectives 

The specific objectives of this study were: 

• To investigate the interaction effects of progressive ratios of N and K (with constant P level) on the growth, 

yield and quality of two selected new potato cultivars. 

• To determine the optimal N-to-K fertiliser ratios to achieve the best tuber yield, size distribution and quality for 

these two cultivars. 

• To evaluate nitrogen and potassium use efficiencies of the two cultivars 

 

1.3  Project team members: 

Study leader:  Prof J.M. Steyn 

Co- workers: Mr T. Nkhase (Masters student) 
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Chapter 2 

 

POT TRIAL TO STUDY THE EFFECTS OF NITROGEN AND POTASSIUM LEVELS 

ON POTATO CROP GROWTH, TUBER YIELD AND QUALITY 
 

2.1 Introduction 

Dry matter partitioning between different potato plant organs varies between cultivars and across different growth 

stages (Geremew et al. 2007). Based on growth, development and dry matter (DM) partitioning, potato cultivars 

can be categorised into three groups, according to Spitters (1987). For the first category, tuber filling commences 

only later in the growing season and there is a gradual increase in harvest index (HI) during that time. There is also 

a continuous partitioning of assimilates to new leaves and stem growth during the growing season. The second 

category is characterised by rapid tuber filling and hence an exponential increase in HI caused by mass exodus of 

assimilates to the tubers. In the third category, tuber filling starts early, but DM partitioning to tubers and haulms 

occurs concurrently and therefore the rate of increase in HI is slower. Knowledge of the growth pattern of cultivars 

can help in management decision making, such as fertiliser application. For example, N will not be effectively 

utilised when it is applied later in the season for an early maturing cultivar, since the crop would senesce quickly 

and leave more N in the soil for leaching. On the other hand, a late-maturing cultivar would still utilise N that is 

applied later in the season due to its longer growing period. N management can also influence the harvest index 

(HI). High levels of N may result in lower harvest index (HI) in some cultivars; that is, more dry matter is partitioned 

to shoots at the expense of tubers (Millard and Marshall 1986; Hu et al. 2014). 

Nutrient management not only affects plant growth and dry matter partitioning, but also the final tuber yield and 

quality. For the first phase of this study, a pot trial was conducted under controlled conditions in a glasshouse to 

compare the effect of different N x K treatment combinations (and N:K ratios) on the growth, dry matter partitioning, 

final yield and quality of two potato cultivars.  

 

2.2 Materials and methods  

2.2.1  Experimental site 

The pot trial was conducted in a glasshouse at the University of Pretoria’s Hatfield Experimental Farm in 

Pretoria, South Africa, located at 25° 45’ S, 28° 15’ E and 1375 m a.s.l. Temperature was controlled through 

wet wall evaporation, and natural daylight conditions prevailed. 

2.2.2  Soil preparation, experimental design and data collection 

The trial was conducted from 28 October 2015 to 10 March 2016. Topsoil was collected from a selected field 

on the experimental farm, air dried, and sieved through a 2 mm sieve. Plastic nursery pots were then provided 

with 10 kg (7 litres) of air-dried soil each. The height of pots used was 25 cm and they had a cylindrical shape, 

with bottom diameter of 20 cm and top diameter of 24 cm. The trial was conducted using a soil with cation 

exchange capacity (CEC) of 3.104 cmol kg-1 and the K percentage of the cation exchange capacity (CEC) was 

5.4%. Sand, silt and clay contents were 75, 10 and 15%, respectively. Organic matter content was 0.45% and the 

soil pH (H2O) was 5.9. Nutrient status and CEC of the soil used are shown in Table 2.1. Each plastic pot was 
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provided with one sprouted minituber (certified seed) of about 20 g each, which was planted at 10 cm depth.  

The factorial experiment was laid out in a completely randomised design. Two cultivars, Innovator and Lanorma, 

were evaluated at sixteen N x K treatment combinations of four N levels (180, 230, 280 and 330 kg ha-1) and 

four K levels (160, 230, 300 and 370 kg ha-1) at constant P level (70 kg ha-1). These nutrient rates relate to 1, 

1.44, 1.88 and 2.3 g K pot-1 and 1.13, 1.44, 1.75 and 2.06 g N pot-1, (working on a 10 cm soil layer depth) 

(Table 2.2), assuming a soil bulk density of 1500 kg m-3. The sources for N were ammonium nitrate (NH4NO3,) 

potassium nitrate (KNO3), calcium nitrate (Ca(NO3)2), sodium nitrate (NaNO3) and magnesium nitrate 

(Mg(NO3)2.6H2O), while the K sources were potassium nitrate (KNO3,) potassium sulphate (K2SO4) and mono-

potassium phosphate (KH2PO4). Mono-potassium phosphate and calcium dihydrogen phosphate (Ca(H2PO4)2) were 

used as P sources. Magnesium sulphate and calcium sulphate were used to balance the elements. The 

mentioned N and K levels gave N:K ratios ranging from 0.6:1 to 2.06:1 (Table 2 .2) and each treatment 

combination was replicated eight times. These ratios were expressed as the amount of N (kg ha-1) divided by the 

amount of K (kg ha-1). Therefore, there was a total of 128 pots per cultivar, which gave a total of 256 experimental 

units (pots). Pots were placed on rotating tables in the glasshouse (Figure 2.1) and all nutrients were applied in 

solution at once after planting. Thereafter, plants were watered manually when needed on every alternative day. 

Final emergence percentage for Lanorma was 83%, and 100% for Innovator. 

 

Table 2.1: Nutrient status of soil from the Hatfield Experimental farm used for the pot trial 

Nutrient mg kg-1 cmol kg-1 % of CEC 

NO3
-
 

3 

4.33 - - 

NH4
+

 
 

2.80 - - 

P 28.4 - - 

K 65.2 0.1672 5.4 

Ca 405.5 2.0273 65.3 

Na 1 0.0043 0.1 

Mg 108.7 0.9059 29.2 

Total CEC  3.1048  

 

At 30 days after emergence (DAE), three plants per treatment were harvested. The average plant height, stem 

mass, leaf mass, and total tuber mass, as well as tuber number per pot, were measured. Leaf nutrient analyses 

were also conducted, using the following procedure: the 4th and 5th leaves from the top of the plant were collected, 

washed and rinsed three times with distilled water. The leaves were then placed in paper bags and oven dried at 

70 °C for 48 hours. The dried leaves were ground and a sub-sample of 0.3 g of each sample was placed in a 

digestion chamber, whereafter 10 ml of nitric acid (100%) was added to digest the leaf material. After digestion, 

the solution was placed in test tubes and filtered before analysis. An ICP system was used to read the 

concentrations of K, Mg, Ca, P and S. At final harvest, tuber yield, specific gravity (SG) and tuber number data 

were collected. SG was determined according to the underwater weighing method, as illustrated in Equation 2.1 

(USDA, 1997). After harvest, a sample of ±2 kg tubers per treatment was placed in labelled brown paper bags and 
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stored in a controlled temperature room at 18 °C for eight weeks to monitor weight loss. Samples were weighed 

weekly and the mass loss calculated. 

 

Table 2.2: Fertiliser treatment combinations and N:K ratio for each treatment 

Treatment N (kg ha-1) N (g pot-1) K (kg ha-1) K (g pot-1) N:K ratio 

T1 180 1.13 160 1 1.125 

T2 230 1.44 160 1 1.44 

T3 280 1.75 160 1 1.75 

T4 330 2.06 160 1 2.06 

T5 180 1.13 230 1.44 0.78 

T6 230 1.44 230 1.44 1 

T7 280 1.75 230 1.44 1.22 

T8 330 2.06 230 1.44 1.43 

T9 180 1.13 300 1.88 0.6 

T10 230 1.44 300 1.88 0.77 

T11 280 1.75 300 1.88 0.93 

T12 330 2.06 300 1.88 1.1 

T13 180 1.13 370 2.3 0.49 

T14 230 1.44 370 2.3 0.62 

T15 280 1.75 370 2.3 0.76 

T16 330 2.06 370 2.3 0.89 

 

 

All data were subjected to analysis of variance, followed by the least significant difference (LSD ≤ 0.05) test 

to separate means for significance, using SAS for Windows (2002). 

 

Specific gravity =
𝑚𝑎𝑠𝑠 𝑖𝑛 𝑎𝑖𝑟

𝑚𝑎𝑠𝑠 𝑖𝑛 𝑎𝑖𝑟 − 𝑚𝑎𝑠𝑠 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟
     Equation 2.1 
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Figure 2.1: Potted plants on rotating tables in the glasshouse 

 

2.2.3  Cultural practices and general observations during the growing period 

Infestation of plants by aphids and red spider mites were detected early and treated with Ripcord (active 

ingredient cypermethrin). Plants were sprayed fortnightly to control foliar diseases by alternating Virikop (copper 

oxychloride as the active ingredient) and Dithane 750 WG Neotec (mancozeb as the active ingredient) 

throughout the season. Innovator was observed to start senescing two weeks earlier than Lanorma. There 

were a few incidences of Innovator tubers appearing above the soil surface, which did not occur for 

Lanorma. During harvest, Innovator tubers were generally located near the soil surface, while Lanorma tubers 

were found deeper in the pots. 

 

2.3 Results 

2.3.1  Mid-season growth analysis results 

At 30 DAE, across treatments, Lanorma plants were taller than Innovator plants. However, Innovator had more 

stems, ranging from 1 to 4 per pot, while Lanorma had 1 to 3 stems per pot. K seemed to have an influence on 

plant height, since plant height increased as K was incremented from 160 kg ha-1 to 230 kg ha-1, irrespective of 

N level (Figure 2.2a). There were no clear trends in dry leaf and stem masses among fertiliser treatments. 

However, Lanorma had higher dry leaf and stem masses than Innovator (Figure 2.2b). On the other hand, 

Innovator had higher total tuber dry mass yield than Lanorma (Figure 2.2c). Within a specific K treatment, 

tuber yields tended to increase with increase in N, but the trend was not consistent, although significant differences 

did occur. Remarkably, Lanorma did not initiate any tubers at the highest level of K (370 kg ha-1) across the three 

highest levels of N (230-330 kg ha-1 N). Furthermore, these particular treatment combinations exhibited quite long 

stolons, compared with the other treatments (Figure 2.3). 
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Figure 2.2a: Plant height per cultivar per treatment. Vertical bars represent maximum and minimum 

standard errors. 

 

Figure 2.2b: Stem and leaf dry mass per cultivar per treatment. Vertical bars represent maximum and 

minimum standard errors. Notes: Inn-leaf = Innovator leaf, Lan-leaf = Lanorma leaf, Inn-stem = Innovator 

stem, Lan-stem = Lanorma stem. 
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Figure 2.2c: Tuber dry mass for Innovator and Lanorma per fertiliser treatment. Vertical bars 

represent maximum and minimum standard errors. 

 

 

Figure 2.3: Lanorma had very long stolons at highest K level (left) and shorter stolons at lower K 

level (right). 

 

2.3.2  Leaf analysis results 

The leaf K content data for Lanorma and Innovator are illustrated in Figure 2.4a. Generally, Lanorma leaves 

had higher K content than Innovator. However, these values were exceptionally lower than optimal K levels 

of 50 000 mg ha-1 (5%) at 30 DAE, as suggested by Sharma and Arora (1989). The content of other nutrients 

(Ca, Mg, P and S) in the leaves of Lanorma and Innovator are illustrated in Figures 2.4b and 2.4c, 

respectively. Calcium content was higher than other elements, followed by magnesium. However, these 

elements did not show a clear trend across fertiliser treatments. The leaf S content was almost similar across 

treatments for both cultivars. On the other hand, P content was lower at lowest K level, while other treatments 

had higher P contents. 
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Figure 2.4a: K content in the leaves of Innovator and Lanorma. Vertical bars represent maximum and 

minimum standard errors. 

 

 

Figure 2.4b: Nutrient contents in the leaves of Lanorma. Vertical bars represent maximum and 

minimum standard errors. 
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Figure 2.4c: Nutrient contents in the leaves of Innovator. Vertical bars represent maximum and 

minimum standard errors. 

 

2.3.3  Final harvest results 

At final harvest, treatments varied in yield and SG per cultivar (Table 2.3). Tuber yields ranged between 300 and 

450 g pot-1 (average of 356.8 g pot-1), which compares well with yields of around 300 g pot-1 reported by Wang et 

al. (2016) for a similar pot trial under sufficient N levels. A lower yield was observed at the lowest K level (T1, T2, 

T3 and T4) across all four levels of N. A lower yield was also associated with lowest level of N (180 kg ha-1) and 

yields tended to respond to specific N:K ratios, with ratios between 0.6 and 1.22 generally giving higher yields. 

Average tuber mass across treatments ranged between 90 and 100 g. 

Table 2.4 shows average values for yield, SG, and tuber number per cultivar across fertiliser treatments. 

Innovator significantly surpassed Lanorma in yield and SG, while Lanorma outcompeted Innovator in tuber 

numbers. The average SG for Innovator was 1.079 and that for Lanorma was 1.065. According to Somsen 

et al. (2004), SG values of 1.075 and above are suitable for processing chips and therefore the tubers of 

Innovator, which is a recognised French-fry processing cultivar, were suitable for processing, while Lanorma tubers 

were more suitable for table consumption. Tuber mass loss over time was similar across fertiliser treatments for 

both cultivars (Figure 3.5). 
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Table 2.3: Final tuber yield (g pot-1) and SG per fertiliser treatment per cultivar 

    Innovator  Lanorma  

Treatment N:K level (kg ha-1) N:K ratio Yield SG Yield SG 

T1 180N:160K 1.125 216.6h 1.078ba 262.3egf 1.067bdc 

T2 230N:160K 1.44 173.7i 1.078ba 216.7hg 1.062gfe 

T3 280N:160K 1.75 242.3h 1.077ba 154.7h 1.060g 

T4 330N:160K 2.06 231.7h 1.082a 311.7edf 1.061gf 

T5 180N:230K 0.78 368.7f 1.079ba 328.3ed 1.062gfe 

T6 230N:230K 1 441.0bdc 1.077ba 252.0gf 1.063gfed 

T7 280N:230K 1.22 466.7ba 1.069c 451.3a 1.061gf 

T8 330N:230K 1.43 387.7ef 1.076b 371.7bdc 1.060g 

T9 180N:300K 0.6 306.3g 1.080ba 358.3dc 1.065fedc 

T10 230N:300K 0.77 451.1bac 1.079ba 420.3bac 1.072a 

T11 280N:300K 0.93 473.7ba 1.079ba 472a 1.068bac 

T12 330N:300K 1.1 477.0a 1.079ba 425.0bac 1.067bedc 

T13 180N:370K 0.49 384.7ef 1.080ba 223.0hg 1.064gfed

c 
T14 230N:370K 0.62 415.7ed 1.082a 414.3bac 1.068bac 

T15 280N:370K 0.76 419.0edc 1.081a 440.7ba 1.071ba 

T16 330N:370K 0.89 398.0ef 1.081a 461.3a 1.07ba 

LSD   35.34 0.0055 76.28 0.0047 

CV   5.81 0.31 13.19 0.27 

* Values followed by the same letter in their respective columns are not significantly different 

from each other. 

 

Table 2.4: Average yield, SG and tuber number per cultivar (means across treatments) 

Cultivar Yield SG Tuber number 

Innovator 365.9a 1.079a 7.6b 

Lanorma 347.7b 1.065b 9.8a 

LSD 14.6 0.0013 0.35 

CV 10.2 0.287 9.9 

* Values followed by the same letter in the respective columns are not significantly different from each other. 

 



  
  
 Final report: N and K nutrition of potato cultivars 2019       Page 19 
 

 

These results contradict what had been documented by Camire (2009), who stated that cultivars which senesce 

earlier would have lower yields, compared with the ones which senesce later. This higher yield for 

Innovator, although it senesced quite a bit earlier than Lanorma did, may suggest that Innovator had a rapid 

uptake of nutrients early in the season, which benefited growth and tuber yield. Maltas et al. (2018) observed a 

substantial variation in N uptake earlier in the season between two cultivars. Growers have reported that 

Lanorma responds less to N fertiliser applications than other cultivars do (personal communication Mr Gert 

Bester, 2019), which may have resulted in the observed limited response to higher N levels. Lanorma yield 

response could also have been thwarted as a result of the fact that all nutrients were applied at once at planting. 

Later-maturing cultivars are known to benefit more when N application is split (Tiemens-Hulscher et al. 2014). 

This suggests that Lanorma may have performed better if N application had been split into more numerous 

dressings over the growing season. 

 

 

Figure 2.5: Tuber mass loss (percentage) after 8 weeks of storage at a temperature of 18 °C 

 

2.3.4  Interaction effect between N and K on tuber yield and SG 

There seemed to be a tendency for better yield associated with N:K ratios ranging from 0.62 to 1.22, 

provided that none of the two nutrients is insufficient. In most cases, treatments with such N:K ratios had 

significantly higher yields than treatments with ratios outside of that range. Table 2.3 shows that the highest 

yield for Innovator was achieved at levels of 330 kg ha-1 N and 300 kg ha-1 K, which represent a N:K ratio of 

1.1. The second highest yield for Innovator was at 280 kg ha-1 N and 300 kg ha-1 K, with a corresponding N:K 

ratio of 0.93. Lower yields for Innovator were obtained at N:K ratios lower than 0.62 and higher than 1.22, 

except when one of the two elements was critically limiting (180 kg ha-1 N or 160 kg ha-1 K). Lanorma 

yields followed a similar pattern, such that the treatment combination of 280 kg ha-1 N and 300 kg ha-1 K (N:K 

ratio 0.93) gave the highest yield, while ratios below 0.6 and above 1.2 generally gave lower yields. 

In order to assess the interaction effects between N x K combinations on yield and SG, data was also presented 

graphically to facilitate better visual comparison. Figures 2.6a and 2.6b graphically display the yield results for 

Innovator and Lanorma. The interaction seemed to be mainly influenced by the N:K ratio, as observed earlier. 

The best yields for Innovator were obtained with moderate amounts of both N and K (230 – 280 kg ha-1; N:K 

ratio of around 1). Lanorma gave best yields at 230 kg ha-1 N and 300 kg ha-1 K (N:K ratio 0.77). The treatment 

combination of 230 kg ha-1 of both N and K did not result in a  better yield for Lanorma; it is probable that 

the lower yield for this treatment was due to the poor emergence encountered with this specific treatment. 
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Apart from the interactions, the yields of both cultivars proved to be significantly influenced by both N and K 

levels. The highest K level seemed to have substantially suppressed yields, as compared with the second- and 

third-highest K levels.  

There was a statistically significant interaction effect of N and K levels on SG for both cultivars. There was a 

general tendency for higher SG values for both cultivars in relation to specific N:K ratios. With the exception of 

Innovator, at 330 kg ha-1 N and 160 kg ha-1 K (N:K ratio of 2.06), N:K ratios ranging from 0.49 to 0.93 gave 

substantially higher, and in some cases significantly higher, SG values. Figures 2.7a and 2.7b graphically illustrate 

the SG values per treatment combination for Innovator and Lanorma. According toTable 2.3, N:K ratios of 1 or 

higher resulted in lower SG values for Innovator. This trend tended to be more conspicuous for Lanorma, although 

the range seemed to be narrower. N:K ratios ranging between 0.62 and 0.93 proved to give substantially (mostly 

significantly) higher SG values than N:K ratios ranging between 1 and 1.22. All treatments with N:K ratios ranging 

from 1.43 to 2.06 had significantly lower SGs than treatments with N:K ratios between 0.62 and 0.93. 

With respect to Innovator, the findings for this study are different to those of Zebarth et al. (2004), who observed 

a consistent decrease in specific gravity with an increase in N application. However, this proved to be true for 

Lanorma in some cases. The results of this study are partially in agreement with the observations of Al-Moshileh 

and Errebi (2004), who reported that SG generally increases with an increase in K fertiliser application. However, 

it contradicts the findings of Westermann et al. (1994), who reported a decrease in SG with an increase in K 

application. A major factor that influenced SG values in the present study proved to be the N:K fertiliser ratio. 

 

 

Figure 2.6a: Interaction effect of N and K on tuber yield for Innovator 
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Figure 2.6b: Interaction effect of N and K on tuber yield for Lanorma 

 

 

 

Figure 2.7a: Interaction effect of N and K on tuber SG for Innovator 
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Figure 2.7b: Interaction effect of N and K on tuber SG for Lanorma 

 

2.4 Summary and conclusions 

Low levels of K (160 kg ha-1) for the particular soil used in this study resulted in retarded growth and lower tuber 

yields and therefore higher levels of K were needed to increase yield. The N:K fertiliser ratio was proved to play 

a major role for both cultivars in terms of both yield and SG, provided that none of the two nutrients are insufficient 

(<180 kg ha-1). If yield is prioritised over SG, a treatment combination of 230 kg ha-1 N and K (N:K ratio of 1) 

was the best for Innovator. At this ratio, better yields were achieved with lower levels of both nutrients. For 

Lanorma, better yields were attained at 280 kg ha-1 N and 300 kg ha-1 K (N:K ratio 0.93), which confirms the 

observation by growers that this cultivar tends to be less responsive to N fertiliser applications. 

If higher values of SG are desired for both cultivars, then N:K ratios should be slightly lower than one. A 

combination of 230 kg ha-1 N and 300 kg ha-1 K (N:K ratio 0.93) for both cultivars resulted in better SG and yield, 

with a lower level of N. This combination should be better, not only if N fertiliser costs are taken into consideration, 

but also to limit the potential leaching of N into groundwater. It can be concluded that N:K ratios ranging from 0.66 

to 1.22 give better yields, compared with other ratios, while N:K ratios ranging from 0.76 to 0.93 give higher SG 

values than other ratios. The results of the present study confirm what has been reported by Zhang et al. (2010), 

namely that optimal potato yield and best tuber quality are attainable with appropriate N and K levels. When the 

N:K ratio is not optimal, N and K imbalances often occur, which leads to competition for uptake, sub-optimal growth 

and yield (Xie et al. 2000; Wells and Wood 2007). These results also support the findings of Zhang et al. (2010), 

who reported that tuber quality is influenced by the ratio of N:K. 
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Chapter 3 

 

FIELD TRIAL: POTATO GROWTH RESPONSE TO NITROGEN AND POTASSIUM 

FERTILIZER LEVELS 

 

3.1  Introduction 

Although a pot trial is convenient to compare multiple treatments, it also has certain shortfalls due to the limited 

amount of soil and confinement of the roots associated with it. It is important to confirm the results obtained from a 

pot trial in the field where root growth is not confined. In this regard, a field trial was conducted with the aim of 

confirming the pot trial results. Parameters, such as light interception, which could not be efficiently measured in a 

pot trial, were also measured in the field trial to compare the two cultivars. 

Like other crops, potato growth is related to the proportion of photosynthetically active radiation (IPAR) that is 

intercepted by the canopy, which is dependent on the total leaf area, leaf area duration, and the efficiency with which 

IPAR is converted into dry matter (Nyende et al. 2005). It then follows that potato yield is related to IPAR (Tarkalson 

et al. 2012), and across different environments, many research studies have documented the fact that total potato 

tuber dry matter production is directly proportional to cumulative IPAR (Haverkort and Harris 1986; Fahem and 

Haverkort 1988; Jefferies and MacKerron 1989; Boyd et al. 2002). IPAR can be determined from leaf area and 

canopy cover measurements (Singh et al. 1993). Since ground cover does not consider canopy density, it cannot be 

used to calculate IPAR as accurately as leaf area index (LAI) (Firman and Allen 1989). At 100% canopy cover, LAI 

varies with IPAR, depending on canopy density, and therefore LAI is considered to be more accurate for calculating 

IPAR (Boyd et al. 2002).  

Cultivars vary in maximum IPAR, as shown by the study conducted by Nyende et al. (2005) on two cultivars, Désirée 

and Tomensa. In their study, it was observed that the two cultivars varied such that maximum IPAR for Désirée was 

lower than that of Tomensa. Maximum IPAR for Désirée was 92.5%, while for Tomensa it was 96.5% (Nyende et al. 

2005). Of all nutrients, N is the most influential nutrient on IPAR. In the potato plant, leaf expansion rate and leaf 

number per plant are affected by nitrogen supply (Vos and van der Putten 1998), and these two factors in turn affect 

radiation interception and production of a crop (Vos 1995). It follows, therefore, that N deficiency leads to a reduction 

in leaf expansion rate and leaf size, which in turn leads to the reduction in carbon accumulation (Hu et al. 2014). 

According to Vos and van der Putten (1998), nitrogen deficiency will also lead to a shortfall in the potential number 

of leaves per plant, restricted potential leaf area, and reduced levels of nitrogen in plant organs, which will ultimately 

limit plant growth. N deficiency therefore leads to inefficient use of intercepted radiation to produce dry matter or a 

reduction in intercepted radiation, or both, and this leads to a reduction in biomass production (Muchow and Davis 

1988) and tuber yield. Therefore, it is important to assess canopy cover under different N levels in order to determine 

the rate and amount of IPAR, which can then be used to estimate final yield or provide help in adjusting crop N 

requirement. 

Cultivars differ not only in maximum canopy cover, but also in rapidness of accumulating canopy cover; the earlier 

accumulation of canopy cover, the higher the IPAR earlier in the season. The area under the canopy cover progress 

curve (AUCCPC) can be used to predict yield, particularly where the growing season is long enough to allow natural 

senescence (Khan et al. 2013). A cultivar that would attain higher IPAR earlier than other cultivars do could 

experience earlier tuber growth and early tuber bulking than other cultivars, as this would be facilitated by the early 

accumulation of foliage (Nyende et al. 2005). In this study, the growth and yield responses of the two potato cultivars 



  
  
 Final report: N and K nutrition of potato cultivars 2019       Page 24 
 

 

to different N and K treatment combinations were compared in a field trial to verify the earlier findings obtained in the 

pot trial. 

3.2 Materials and Methods  

3.2.1 Experimental design and layout 

The treatment number for the field trial was narrowed down to three levels of N and K each. The levels for both N 

and K were set at 160, 230 and 300 kg ha-1, which were slightly different from the pot trial treatments. These 

treatments gave seven N:K level ratios. Ratios were expressed as the amount of N (kg ha-1) divided by the amount 

of K (kg ha-1). Table 3.1 illustrates the fertiliser treatments and the corresponding N:K ratios. A control treatment of 

160 kg ha-1 N and 0 kg ha-1 K was added to evaluate the responsiveness of these cultivars to K application. The 

same two cultivars as in the pot trial, namely Innovator and Lanorma, were also used in this trial. 

The experimental layout was a split-plot randomised complete block design (RCBD) with 20 treatment combinations 

and three blocks (replications). Cultivars were allocated to the main plots, while N x K treatment combinations were 

allocated to the sub-plots. Two available extra plots per replicate block were allocated to the additional control 

(160N 0K; treatment 10) plots. Each sub-plot consisted of four rows of 5 m length and the spacing between rows, 

as well as between sub-plots, was 1 m. Well-sprouted certified tubers were planted with a two-row GrimmeTM planter 

at a depth of 0.20 m, and tubers were spaced 0.25 m apart within the row.  

Single superphosphate (14%) was broadcast at a rate of 70 kg ha-1 and incorporated into the soil with a harrow disk 

prior to planting. N and K fertiliser dressings were split into two, with the first half applied at planting (on the rows), 

and the remainder at 14 days after emergence (DAE). The N source was limestone ammonium nitrate (LAN 28%) 

and the K source was potassium sulphate (K2SO4). 

 

Table 3.1: Fertiliser treatment combinations and their corresponding N:K ratios 

Treatment Number N (kg ha-1) K (kg ha-1) N:K ratio 

1 160 160 1 

2 160 230 0.70 

3 160 300 0.53 

4 230 160 1.44 

5 230 230 1 

6 230 300 0.77 

7 300 160 1.88 

8 300 230 1.30 

9 300 300 1 

10 160 0 - 

 

3.2.2 Growth analysis procedures  

Destructive growth analyses were performed four times during the growing season. The following parameters were 

recorded: plant height, leaf fresh and dry mass, stem fresh and dry mass, and tuber fresh and dry mass. Four plants 

per replicate plot were sampled per harvest. Analysis of variance was performed and means were separated for 
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these parameters. The destructive growth harvests were done on the following dates: 31 October 2016 (41 days 

after planting, DAP), 21 November 2016 (62 DAP), 12 December 2016 (83 DAP) and 2 January 2017(104 DAP). 

These harvest dates were denoted as harvests 1 to 4. Leaf nutrient content was determined during the third harvest 

(62 DAP), following the same procedure as explained in Chapter 2 (for the pot trial). Figure 3.1b shows the field 

trial at the University of Pretoria experimental farm. 

 

 

Figure 3.1: View of one replication of the field trial at the University of Pretoria experimental farm, with 

cultivars Innovator (left) and Lanorma (right) 

 

3.2.3 General observations and cultural practices 

Both cultivars showed more than 50% emergence at 21 days after planting (DAP). During this time, Innovator had 

fully emerged (99%), while Lanorma showed 70% emergence. Lanorma had fully emerged by 28 DAP (97%). From 

two weeks after plant emergence, a fungicide spray programme was applied to control blight, alternating products 

every two weeks until early January 2017. The fungicides used were Virikop (copper oxychloride as the active 

ingredient) and Dithane 750 WG Neotec (mancozeb a.i.). Irrigation was provided through sprinklers during the 

growing season and the total amount of irrigation plus rain for the entire growing season was 740 mm. The 

maximum and minimum temperature readings were recorded from the weather station at the farm throughout the 

growing season, from the first day to 130 days after planting (DAP) (Figure 3.2). During the growing season, it was 

observed that Innovator flowered before Lanorma, and it also produced berries, which were more conspicuous with 

N increments. On the other hand, Lanorma produced no berries across all treatments. At 8 weeks after emergence, 

Innovator started senescing, and this was more conspicuous at the two lower levels (160 and 230 kg ha-1) of 

nitrogen. Treatments that received 300 N kg ha-1 started to senesce a week later. 
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Figure 3.2: Maximum and minimum temperatures recorded throughout the growing season of the field 

trial 

 

3.2.4 Canopy cover measurement procedure 

An AccuPAR LP-80 ceptometer was used to measure the intercepted photosynthetically active radiation (IPAR), 

which served as an estimate for canopy cover. One reading per sub-plot was taken above the crop canopy, while 

six more readings were taken below the canopy at ground level. The IPAR measurements were conducted on a 

weekly basis on Mondays when the weather conditions were favourable, or measurements were taken the following 

day if that particular Monday was cloudy. IPAR was calculated as the difference between the incident radiation and 

the radiation transmitted through the canopy, expressed as a percentage of the incident radiation (Equation 3.1):  

   IPAR = 100 − (
PARbelow canopy

PARabove canopy
  ) 100  Equation 3.1 

 

3.3 Results and discussion 

3.3.1 Plant height  

At the first destructive harvest, plant height was not significantly different between the two cultivars across fertiliser 

treatments, although Lanorma plants tended to be slightly taller than Innovator plants. On average, Lanorma plant 

height was 49.4 cm, while it was 46.2 cm for Innovator. It was observed that as from the second harvest to the 

fourth harvest, Lanorma plants were significantly taller than those of Innovator were (Table 3.2a). The height for 

Innovator plants at harvest 4 was slightly shorter than those on the two preceding harvest dates, which could be 

attributed to the fact that most Innovator treatments had senesced by then and some stems were broken due to 

that. 

Graphical presentations of plant height per harvest per treatment are illustrated in Figures 3.3a – d. At first harvest, 

there was no clear trend in plant height with respect to N:K ratio or fertiliser combination (Figure 3.3a). As from the 

second harvest onwards, plant height tended to increase with increases in both nutrients. It can be clearly seen 

that Lanorma plants were consistently taller than Innovator plants. It is conspicuous from the graphs that at each 



  
  
 Final report: N and K nutrition of potato cultivars 2019       Page 27 
 

 

level of N, plant height increased with an increase in K level for most treatments. It is also noteworthy that plant 

height increased with an increase in N level. It has been documented in literature that K increases plant height in 

potato crops (Pervez et al. 2013). In addition, increased potato crop height, with an increase in N, or both N and K, 

has been documented widely, including by authors such as Shunka et al. (2017). 

Table 3.2a: Plant height per cultivar at each harvest interval (means across fertiliser treatments) 

Cultivar Harvest 1 Harvest 2 Harvest 3 Harvest 4 

Lanorma 49.4a 78.8a 83.4a 87.2a 

Innovator 46.2a 64.9b 65.5b 59.5b 

LSD Ns 2.4 2.9 4.0 

CV 14.63 6.34 7.63 10.51 

*Values followed by the same letter in their respective columns are not significantly different from each other  

 

 

Figure 3.3a: Plant height per treatment and per cultivar at the first destructive harvest 
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Figure 3.3b: Plant height per treatment and per cultivar at the second destructive harvest 

 

 

 

Figure 3.3c: Plant height per treatment and per cultivar at the third destructive harvest 
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Figure 3.3d: Plant height per treatment and per cultivar at the fourth destructive harvest 

 

Plant height was also compared across destructive harvest dates per fertiliser treatment. Plant height increased 

significantly from the first to the second harvest across all treatments for both cultivars. For most treatments, there 

was also a slight increase from the second to the third harvest, and from third to the fourth harvest. Table 3.2b 

shows Lanorma plant heights per fertiliser treatment from the first to the fourth harvest. It can be seen that rapid 

growth occurred during the period between the first and second harvest. For Innovator, plant height increment, over 

time, was similar to that of Lanorma (Table 3.2c).  

 

Table 3.2b: Lanorma plant height (cm) across four harvests per fertiliser treatment 

Harvest T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

1 47.8b 48.0b 46.2c 42.5c 48.2b 52.0c 50.3b 56.3b 54.43b 48.5b 

2 72.3a 76.4a 75.0b 72.3b 80.2a 77.8b 79.5a 90.6a 87.7a 75.9a 

3 75.7a 78.6a 85.4a 72.5b 86.5a 90.1a 88.3a 91.6a 89.3a 75.9a 

4 78.1a 78.2a 87.53a 83.8a 93.1a 93.9a 88.3a 100.9a 91.1b 76.6a 

LSD 7.0 13.6 7.5 10.7 15.6 11.9 8.9 13.72 8.5 9.3 

CV 5.4 10.3 5.4 8.4 10.7 8.1 6.2 8.6 5.6 7.2 

* Values followed by the same letter in their respective columns are not significantly different from each other.  
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Table 3.2c: Innovator plant height across four harvests per fertiliser treatment 

Harvest T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

1 43.0b 43.3b 51.8b 53.3b 47.7b 49.8b 45.7b 46.2b 44.3b 42.7b 

2 57.3a 61.4a 66.3a 63.3a 66.5a 68.0a 63.1a 71.7a 71.4a 60.0a 

3 57.7a 62.2a 66.8a 63.1a 66.4a 68.4a 64.5a 71.7a 71.5a 60.8a 

4 53.2a 56.9a 58.0b 56.6a 58.3a 57.8a 62.8a 64.0a 72.9a 54.5a 

LSD 7.4 11.5 7 22.79 11.16 17.2 12.7 10.3 12.7 9.7 

CV 7.4 10.9 6.1 20.3 9.9 15.0 11.4 8.7 10.4 9.5 

* Values followed by the same letter in their respective columns are not significantly different from each other.  

 

3.3.2  Intercepted photosynthetically active radiation (IPAR) 

PAR measurements showed that IPAR was more responsive to N levels, and only slightly so with respect to K. A 

rapid increase in IPAR was associated with higher levels of N, and it decreased with a decrease in N application. 

Figures 3.4a – c illustrate IPAR at 160, 230 and 300 kg ha-1 N, respectively, for both cultivars (means across the 

three K levels) for the entire growing season. From these figures, it can be seen that IPAR for Innovator increased 

more rapidly early in the season, but it was also quicker to senesce, even if N was applied at a high level. On the 

other hand, IPAR for Lanorma initially increased at a slower rate and dropped later, as the canopy senesced slower 

when the N level was incremented. As the season progressed, Lanorma overtook Innovator in IPAR (at 56-70 

DAP); Lanorma was probably advantaged by its taller stems, which intercepted some of the PAR. Nyende et al. 

(2005) have stated that cultivars with a more rapid exponential growth are likely to have earlier tuber bulking and 

tuber growth due to having sufficient green foliage to intercept PAR. This is confirmed by the fact that Innovator 

started tuber growth and bulking earlier than Lanorma. 

While Innovator did not achieve IPAR of more than 80% at the lowest level of N across all levels of K, Lanorma 

was able to reach close to 90% IPAR at the lowest N level. The intermediate level of N (230 kg ha-1) resulted in a 

more rapid canopy development and higher maximum IPAR for both cultivars (Innovator 93% and Lanorma 96%) 

than that of the lowest level of N (160 kg ha-1). At 300 kg ha-1 N, a maximum IPAR value of 96% was achieved for 

both cultivars. Incrementing N from 230 to 300 kg ha-1 did not increase the peak IPAR value for Lanorma, but there 

was a slight increase for Innovator. The peak IPAR value for Lanorma was rapidly achieved at the highest level of 

N and senescence was delayed.  

Generally, the results from this study are similar to those of Tiemens-Hulscher et al. (2014), who observed an 

increase in area under the canopy cover progress curve (AUCCPC) with an increase in N, since an increase in 

AUCCPC implies prolonged higher IPAR values, as observed in this study. The highest level of IPAR was at 77 

DAP for both cultivars at the low and intermediate levels of N. The highest N level resulted in earlier (70 DAP) 

maximum IPAR for both cultivars. Innovator started senescing rapidly from 84 DAP, which led to a decline in IPAR. 

In Figure 3.4d it is evident that at 91 DAP, Innovator had already started senescing across all treatments, while 

Lanorma was still actively growing and green. At 123 DAP, Innovator had completely senesced, while Lanorma, on 

the other hand, had only started senescing and the intensity of senescence varied with N level, such that treatments 

which received the highest N level were still actively growing and green (Figure 3.4e).  
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The main limiting factor for yield in early maturing cultivars is the duration of leaf growth (Lahlou et al. 2003). Leaf 

growth duration directly affects IPAR. AUCCPC varies between early maturing cultivars and late maturing cultivars 

due to the extended growth of shoots in late-maturing cultivars. This implies that IPAR values will also differ between 

early- and late-maturing cultivars. It also implies that, for late maturing cultivars, prolonged higher IPAR values will 

be obtained, as was observed in this research. Tiemens-Hulscher et al. (2014) observed highly significant 

differences between maturity type and AUCCPC, confirming the fact that late-maturing cultivars had higher 

AUCCPC. 

The extended duration of photosynthetically active leaves plays a positive role in the partitioning of assimilates to 

tubers (Lahlou et al. 2003). It was, therefore, expected that Lanorma would have a higher yield than Innovator due 

to its prolonged, higher IPAR. Potato cultivars are normally classified based on the number of days from planting 

to maturity. Cultivars that reach maturity at 65 to 70 DAP are classified as very early maturing; those that reach 

maturity at 70 to 90 DAP as early maturing; 90 to 100 DAP as mid-season, 110 to 130 DAP as late, and more than 

130 DAP as very late maturing cultivars (CFIA 2008). Based on this criterion, Innovator can be classified as an 

early-maturing cultivar. Lanorma can be regarded as a mid-season-maturing cultivar, although higher levels of N 

can effectively delay its maturity, thus propelling this cultivar to becoming a late-maturing cultivar. Senescence of 

Lanorma at higher N level was quite slow, compared with Innovator, and its growing season can be substantially 

prolonged with higher N levels. 

 

 

Figure 3.4a: Innovator and Lanorma canopy development at 160 kg ha-1 N (means across K levels) 
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Figure 3.4b: Innovator and Lanorma canopy development at 230 kg ha-1 N (means across K levels) 

 

 

 

Figure 3.4c: Innovator and Lanorma canopy development at 300 kg ha-1 N (means across K levels) 
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Figure 3.4d: Lanorma (left) and Innovator (right) plants at 91 DAP 

 

 

Figure 3.4e: Innovator (left) and Lanorma (right) plants at 123 DAP (just before Innovator harvest) 

 

3.3.3 Leaf dry mass 

Initial leaf growth for Innovator was more rapid at the first harvest and it had a significantly higher (27.8 g plant-1) 

dry leaf mass per plant than Lanorma (22.1 g plant-1) (Table 3.3a). The trend continued to the second harvest, 

whereafter Lanorma overtook Innovator from the third harvest onwards. These results are analogous to the findings 

of other authors who observed that cultivars do differ in DM partitioning over time during a growing season (Spitters 

1987, Geremew et al. 2007). To facilitate a visual comparison, Figures 3.5a – d show dry leaf mass per cultivar per 

treatment at each destructive harvest. It is quite clear that, from the first harvest (Figure 3.5a) to the third harvest, 

dry leaf mass for both cultivars increased with increases in N levels. N is responsible for leaf growth and leaf number 

(Vos 1995), and hence higher N levels resulted in higher dry leaf mass. Both cultivars had started to senesce at 

the fourth harvest, as maximum dry leaf mass dropped below 25 g plant-1 (Figure 3.5d), which was lower than the 
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average dry leaf mass for the third harvest. The lowest level of N resulted in dry leaf mass of less than 10 g plant-1 

for Innovator. This suggests that senescence for those treatments commenced earlier than at higher N level 

treatments. The control for Lanorma had the highest dry leaf mass, followed by the treatment with 160 kg ha-1 of 

both N and K. This could mean that K was not sufficient for translocating assimilates to tubers at those low levels. 

A statistical difference in dry leaf mass was observed between treatments from the first harvest to the fourth harvest 

for Innovator. Innovator dry leaf mass proved to increase with an increase in N application. This is presented in 

Tables 3.5a to 3.5d (Section 3.3.8 under harvest index). The same pattern was observed for Lanorma dry leaf 

mass, as presented in Tables 3.5e to 3.5h. This, therefore, attests to what has been documented in literature, 

namely that higher levels of N result in rapid leaf growth (Vos and van der Putten 1998). 

The control treatment had a significantly higher leaf mass compared with all other treatments, and it also had the 

lowest tuber yield. This could indicate that assimilates failed to be sufficiently translocated from the leaves to tubers. 

This treatment did not receive any K application, hence assimilates might not be efficiently translocated to the 

tubers, since K is known to be involved in the translocation of assimilates from leaves to storage organs (tubers). 

 

Table 3.3a: Leaf dry mass per cultivar per harvest (means across fertiliser treatments) 

Cultivar Harvest 1 Harvest 2 Harvest 3 Harvest 4 

Lanorma 22.1b 30.2b 64.1a 15.1a 

Innovator 27.8a 37a 39.5b 11.4b 

LSD 2.0 3.0 4.8 1.8 

CV 15.3 17.0 17.9 20.1 

*Values with the same letter within a column are not significantly different. 
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Figure 3.5a: Dry leaf mass per treatment and per cultivar at the first destructive harvest 

 

 

 

Figure 3.5b: Dry leaf mass per treatment and per cultivar at the second destructive harvest 
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Figure 3.5c: Dry leaf mass per treatment and per cultivar at the third destructive harvest 

 

 

 

Figure 3.5d: Dry leaf mass per treatment and per cultivar at the fourth destructive harvest 
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3.3.4. Dry stem mass 

Dry stem mass did not show any significant differences in the first two harvests for Innovator (see tabulated dry 

stem masses per treatment per harvest for both cultivars in Section 3.3.8). At the third and fourth harvests, dry 

stem masses for Innovator showed a tendency of significantly higher dry mass at the high level of N, compared 

with lower N levels. This higher dry stem mass could be attributed to growth stimulation associated with higher N 

levels or it could be due to better translocation of assimilates from the leaves down to tubers. As seen earlier under 

the dry leaf mass discussion, higher dry leaf masses were obtained from treatments that received high N, which 

means that more assimilates were manufactured by these leaves and hence more assimilates were available to be 

translocated from them. For Lanorma, most treatments from the first to third harvest did not show any clear trend 

with respect to dry stem mass, such that most treatments were not significantly different from each other. At the 

fourth harvest, the dry stem mass of Lanorma was significantly lower at the lowest level of N than most treatments 

which received higher levels of N. This may suggest that N deficiency limited stem mass, such that treatments 

which received low levels of N had lower stem mass.  

3.3.5 Tuber number 

Tuber numbers were noted at each harvest; however, only the data for the fourth harvest is presented here since 

the tuber numbers remained almost the same across harvest intervals. This shows that both cultivars had finished 

initiating tubers by the first harvest and, therefore, only results of the fourth harvest were analysed for significant 

differences. Table 3.3b shows tuber number per treatment per cultivar. Cultivars differed significantly in tuber 

numbers across fertiliser treatments, with average tuber numbers of 9.5 for Lanorma and 6.8 for Innovator. As for 

tuber numbers per fertiliser treatment, there seemed to be no clear trend and only a few significant differences were 

observed for Lanorma. This is quite different from results in the pot trial, where higher levels of N and K resulted in 

higher tuber numbers.  

 

Table 3.3b: Tuber number (per plant) per treatment and cultivar at the fourth harvest 

Treatment N:K ratio Lanorma Innovator 

N 160 K 160 1 11.1ba 6a 

N 160 K 230 0.70 10.8ba 6.9a 

N 160 K 300 0.53 8.4ba 6.9a 

N 230 K 160 1.44 7.5b 6.8a 

N 230 K 230 1 9.3ba 6.1a 

N 230 K 300 0.77 10.2ba 7.3 a 

N 300 K 160 1.88 11.5a 6.6a 

N 300 K 230 1.30 8.0ba 7.9a 

N 300 K 300 1 10.2ba 6.6a 

N 160 only - 9.0ba 6.9a 

LSD  3.8 3.1 

CV  23.5 26.6 

*Values with the same letter within a column are not significantly different. 
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The differences in response between the two trials could be attributed to the difference in application procedures 

between the field and pot trials. In the pot trial, all fertilisers were applied at once at planting, while in the field trial 

N and K were split into two dressings (half at planting and the remainder two weeks after emergence). The 

conditions are quite different between a pot and field trial, as roots are confined in a pot and nutrients such as K 

can be depleted easily. On the other hand, in the field, roots can explore a larger soil volume to take up needed 

nutrients. It therefore follows that crops would be more responsive to available nutrients in a pot than in the field. 

3.3.6 Stolon length 

Across fertiliser treatments, Lanorma had longer stolons, on average, (8.0 cm) than Innovator did (4.5 cm). Table 

3.3c shows stolon lengths for both cultivars per treatment. The stolon length measurements as documented were 

from the fourth harvest, since they were similar in length to those of earlier harvests. Innovator seemed to initiate 

tubers just above and close to the mother tuber. For Lanorma, careful ridging should be done due to its long stolons. 

Long stolons imply that tubers may appear on the surface, if ridges are not well constructed. Therefore, it is 

recommended that special care be taken that ridges be maintained well, as failure to do so would lead to greening 

and poor quality tubers due to sunlight exposure, should tubers appear on the soil surface.  

Table 3.3c: Stolon length for the two cultivars per fertiliser treatment 

Treatment Lanorma Innovator 

N 160 K 160 6.3d 3.5cd 

N 160 K 230 8.2bdac 4.9bc 

N 160 K 300 7.3dc 4.7bc 

N 230 K 160 6.7dc 4.2bcd 

N 230 K 230 7.7bdc 3.2cd 

N 230 K 300 7.6dc 5.5ba 

N 300 K 160 10.5a 4.7bc 

N 300 K 230 9.3bac 4.5bc 

N 300 K 300 10.2ba 7.3a 

N 160 only 6.7dc 2.2d 

LSD 2.8 2 

CV 20.6 26.1 

*Values with the same letters within a column are not significantly different. 

 

3.3.7 Tuber dry mass yield  

Lanorma had a significantly lower tuber dry mass yield than Innovator did from the first harvest to the fourth harvest 

(Table 3.4a). The fact that Innovator outweighed Lanorma from the first harvest onwards confirms that Innovator 

matures earlier than Lanorma. Similarly, many studies have reported variations among cultivars in the date of 

maturity (Spitters 1987, Geremew et al. 2007). Dry tuber yields per harvest per treatment are presented graphically 

in Figures 3.6a – d. It can be seen in Figure 3.6a that Innovator dry tuber mass was higher than that of Lanorma, 

early in the season. There was, however, no clear trend in tuber yield with respect to N and K fertiliser treatments 

at the time of the first destructive harvest. However, the treatment combination of 230 kg ha-1 N and 300 kg ha-1 K 

(N:K ratio 0.77) gave the highest dry tuber mass for both cultivars.  
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Dry tuber yield at the second harvest showed a similar trend, such that there was no clear pattern of yield with 

respect to N and K fertilisation, except that dry tuber yields for Innovator were higher than those of Lanorma (Figure 

3.6b). Similarly, at the third harvest, the trend was still not clear (Figure 3.6c). At the time of the fourth harvest, 

however, the results showed a tendency of an increase in yield with an increase in K at two lower levels of N (Figure 

3.6d). This pattern of growth was also observed by Singh and Lal (2012), who reported an increase in yield as both 

nutrients were incremented. However, at the highest N level of 300 kg ha-1, dry tuber yield seemed to increase with 

increase in K level up to 230 kg ha-1, whereafter tuber yields levelled off for both cultivars.  

 

Table 3.4a: Tuber dry mass yield (g/plant) per cultivar per harvest date (means across fertiliser 

treatments) 

Cultivar Harvest 1 Harvest 2 Harvest 3 Harvest 4 

Lanorma 5.1a 67.1b 177.9a 204.0a 

Innovator 7.7b 106.1a 184.9a 218.0b 

LSD 1.4 12.2 Ns 9.9 

CV 43.8 27.1 17.4 9.0 

*Values with the same letter within a column are not significantly different. 

 

 

Figure 3.6a: Dry tuber mass per treatment and per cultivar at the first destructive harvest 
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Figure 3.6b: Dry tuber mass per treatment and per cultivar at the second destructive harvest 

 

 

 

Figure 3.6c: Dry tuber mass per treatment and per cultivar at the third destructive harvest 
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Figure 3.6d: Dry tuber mass per treatment and per cultivar at the fourth destructive harvest 

 

Dry tuber mass was also tabulated per treatment across the four destructive harvests. These results are illustrated 

in Tables 3.4b and 3.4c for Lanorma and Innovator, respectively. For both cultivars, dry tuber mass increased 

significantly from the first to the second harvest, and from the second to the third harvest. Dry tuber mass for 

Lanorma then increased substantially, but not significantly, from the third to the fourth harvest. For Innovator, at 

higher levels of N, there was a tendency for significant increase in dry tuber mass from the third to the fourth harvest. 

This suggests that for Innovator – an early maturing cultivar – assimilates were rapidly translocated to the tubers 

early in the growing season and by the third harvest, most tuber filling had already occurred, while Lanorma 

continued tuber filling until the fourth harvest. 

Dry tuber mass per treatment per harvest is tabulated in Section 3.3.8, under the harvest index discussion. 

Innovator dry tuber mass is presented in Tables 3.5a to 3.5d (Section 3.3.8). Dry tuber mass for Innovator did not 

show a clear trend at first harvest, and at the second and third harvests, dry tuber mass similarly did not show any 

significant differences across treatments. This therefore suggests that the N:K ratios resulted in no clear trends at 

those two harvest dates. At the fourth harvest, dry tuber mass of Innovator showed a substantially higher yield at 

N:K ratios of 0.77 to 1.3 at intermediate and highest levels of N. The lowest N level did not show a clear trend with 

respect to dry tuber mass. This may suggest that the N:K ratio is more influential when none of the two nutrients is 

deficient. 

Tables 3.5e to 3.5h (Section 3.3.8) show the Lanorma dry tuber mass per treatment per harvest. The Lanorma dry 

tuber mass did not show any significant differences at the first harvest. At both the second and third harvests, the 

dry tuber yield for Lanorma did not show any clear trends. At the fourth harvest, just as in the case of Innovator, 

the dry tuber mass was substantially higher at N:K ratios ranging from 0.77 to 1.3. The fact that the N:K ratio showed 

an influence on dry tuber yield, mainly at the fourth harvest, may suggest that at earlier harvests, the effective 

translocation of assimilates from the shoots to tubers had not yet started. For both cultivars at the fourth harvest, 
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there seemed to be a tendency for a substantial increase in yield with an increase K at each level of N, at the 

intermediate and highest level of N. This contradicts the findings of Yan et al. (2005), who reported no increase in 

yield with increment in K. On the other hand, these results are similar to those of Kang et al. (2014), who noted an 

increase in yield with an increase in K at a specific N level. Based on the N:K ratio, a tendency for a statistically 

higher yield was obtained at ratios ranging from 0.7 to 1.3, except at the lowest levels of N and K.  

 

Table 3.4b: Tuber dry mass yield (g/plant) for cv. Lanorma across four harvests per fertiliser treatment 

Harvest T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

1 6.8c 4.9c 6.5c 6.2c 4.0d 7.53c 2.43d 3.8d 4.6c 4.3c 

2 43.5b 75.6b 65.8b 59.1b 72.5c 68.7b 41.1b 115.9b 69.70b 58.9b 

3 169.7a 170.8a 195.6a 196.2a 162.4b 199.1a 182.3a 172.1ba 203.03a 127.3a 

4 190.3a 203.8a 219.3a 194.5a 206.8a 225.7a 201.2a 228.7a 226.6a 143.4a 

LSD 32.5 62.4 33.5 22.9 19.4 52.86 42.2 61.7 47.2 32.2 

CV 16.9 29.1 14.6 10.7 9.3 22.5 20.9 25.1 19.9 20.5 

* Values followed by the same letter in their respective columns are not significantly different from each other.  

 

 

Table 3.4c: Tuber dry mass yield (g/plant) for cv. Innovator across four harvests per fertiliser treatment 

 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

Harvest 1 3.8c 9.9c 8.9c 5.3c 8.8d 11.7c 7.7d 7.1d 9.30c 4.6c 

Harvest 2 101.3b 92.2b 103.3b 108.7b 110.5c 97.3b 89.4c 124.0c 115.8b 118.4b 

Harvest 3 173.1a 170.8a 199.6a 202.8a 162.4b 199.1a 194.3b 172.1b 213.7a 160.7ba 

Harvest 4 183.8a 222.0a 204.5a 206.3a 215.9a 225.0a 237.8a 244.7a 248.8a 191.6a 

LSD 19.2 58.1 29.4 24.6 24.5 64.4 38.04 37.5 51.2 53.2 

CV 8.8 25.0 12.1 10.0 10.5 25.7 15.3 14.5 18.5 23.8 

* Values followed by the same letter in their respective columns are not significantly different from each other.  

 

3.3.8 Harvest index  

The harvest index was significantly different between treatments from the first harvest for Innovator (Tables 3.5a – 

3.5d). There was a tendency for a significantly higher HI at lower and intermediate levels of N. Lower HI values at 

highest level of N could be attributed to the higher leaf mass production associated with these treatments. The 

second and third harvests showed a tendency for substantially higher HI at lower N levels, as compared with those 

with higher N levels. At the fourth harvest, the lowest N level treatments still maintained higher HI values, although 

differences were not always significant. 
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Table 3.5a: Dry mass of leaves, stems and tubers, and corresponding harvest index for Innovator at the 

first harvest 

Treatment N:K ratio Leaves Stems Tubers HI 

N 160 K 160 1 24.1de 8.0a 3.8e 10.7f 

N 160 K 230 0.70 23.4e 7.1a 9.9b 24.6a 

N 160 K 300 0.53 22.3e 8.2a 8.9cb  22.7ba 

N 230 K 160 1.44 23.5e 7.7a 5.3e 14.2def 

N 230 K 230 1 27.4dc 7.1a 8.8cb 20.5bc 

N 230 K 300 0.77 28.8c 6.6a 11.7a 24.9a 

N 300 K 160 1.88 35.6ba 7.1a 7.7cd 15.2de 

N 300 K 230 1.30 38.1a 8.5a 7.1d 13.3ef 

N 300 K 300 1 33.7b 9.1a 9.3b 17.9dc 

N 160 only - 22.7e 7.4a 4.6e 14.1def 

LSD  3.64 Ns 1.6 3.9 

CV  7.7 27.9 12.4 12.8 

*Values with the same letter within a column are not significantly different. 

 

 

Table 3.5b: Innovator dry mass for leaves, stems and tubers and corresponding harvest index at second 

harvest 

Treatment N:K ratio Leaves Stems Tubers HI 

N 160 K 160 1 32.5ed 9.8a 101.3a 70.2ba 

N 160 K 230 0.70 28.8e 12.2a 92.2a 68.7ba 

N 160 K 300 0.53 33.0ed 10.7 a 103.3a 69.5ba 

N 230 K 160 1.44 33.7ced 12.6a 108.4a 69.9ba 

N 230 K 230 1 38.9cb 11.6a 110.5a 68.6ba 

N 230 K 300 0.77 37.8cbd 12.5a 97.3a 63.6b 

N 300 K 160 1.88 37.0cd 9.4a 89.4a 65.7ba 

N 300 K 230 1.30 54.5a 13.2a 124.0a 64.5ba 

N 300 K 300 1 42.6b 12.4a 115.8a 67.2ba 

N 160 only - 31.1e 11.7a 118.4a 73.4a 

LSD  5.29 Ns Ns 9.6 

CV  8.39 19.7 21.9 8.3 

*Values with the same letter within a column are not significantly different. 
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Table 3.5c: Innovator dry mass for leaves, stems and tubers and corresponding harvest index at third 

harvest 

Treatment N:K ratio Leaves Stems Tubers HI 

N 160 K 160 1 24.1de 9.7dc 173.1a 87.7ba 

N 160 K 230 0.70 23.4e 12.3bac 170.8a 86.1ba 

N 160 K 300 0.53 22.3e 10.3dc 199.6a 88.6a 

N 230 K 160 1.44 23.5e 11.7bc 202.8a 87.6ba 

N 230 K 230 1 27.4dc 11.0bdc 162.4a 86.0ba 

N 230 K 300 0.77 28.8c 13.2a 199.1a 86.3ba 

N 300 K 160 1.88 35.6ba 12.3bac 194.3a 86.7ba 

N 300 K 230 1.30 38.1a 14.7a 172.1a 84.0b 

N 300 K 300 1 33.7b 14.8a 213.7a 86.5ba 

N 160 only - 20.7e 8.3d 160.7a 87.2ba 

LSD  3.64 2.7 Ns 3.9 

CV  10.88 13.7 19.1 2.7 

*Values with the same letter within a column are not significantly different. 

 

Table 3.5d: Innovator dry mass for leaves, stems and tubers and corresponding harvest index at fourth 

harvest 

Treatment N:K ratio Leaves Stems Tubers HI 

N 160 K 160 1 7.367d 6.00f 183.77e 93.37a 

N 160 K 230 0.70 7.53d 8.23ef 221.97bac 93.23a 

N 160 K 300 0.53 8.33d 10.97bdc 204.50edc 91.40bac 

N 230 K 160 1.44 12.10c 11.63bac 206.50edc 89.67dc 

N 230 K 230 1 14.27ba 10.93bdc 215.93bdc 89.47dc 

N 230 K 300 0.77 14.53a 13.03ba 225.03bac 89.00d 

N 300 K 160 1.88 12.5bc 14.27a 237.80ba 89.83dc 

N 300 K 230 1.30 14.13ba 9.60edc 244.67a 91.17 bc 

N 300 K 300 1 14.33a 14.03a 248.83a 89.73 dc 

N 160 only - 8.47d 7.8ef 191.57 ed 92.10ba 

LSD  1.82 2.74 28.08 2.03 

CV  9.42 15.12 7.56 1.31 

*Values with the same letter within a column are not significantly different. 

The harvest index for Lanorma did not show a clear trend at the first and second harvests (Tables 3.5e and 3.5f). 

However, as from the third to the fourth harvest, the HI for Lanorma showed a tendency for significantly higher HI 

values at the lowest N level, compared with highest N level, as was the case for Innovator (Tables 3.5g and 3.5h). 

This could imply that more of the assimilates were still present in the leaves at higher levels of N, while at lower N 

levels, more assimilates were translocated to tubers. The high harvest index at low rates of N could also be due to 

low dry mass of leaves associated with these treatments, while the low HI at a high level of N could be due to high 

dry mass of leaves. Yields showed a tendency to increase as K was incremented for each N level, as in the case 
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of Innovator. The N:K ratio also seemed to play a role, since ratios greater than 1.3 tended to suppress yield. The 

fact that the N:K ratio for Lanorma had more influence on yield at the fourth harvest than earlier harvests, could be 

due to the fact that Lanorma matured later than Innovator, and therefore assimilate translocation to tubers only 

began later, as compared with Innovator. The greater translocation of assimilates to tubers could have led to higher 

HI values and tuber yields.  

 

Table 3.5e: Lanorma dry mass for leaves, stems and tubers and corresponding harvest index at first 

harvest 

Treatment N:K ratio Leaves Stems Tubers HI 

N 160 K 160 1 12.3 f 7.0a 6.8a 25.3a 

N 160 K 230 0.70 21.7edc 6.5ba 4.9a 13.2ba 

N 160 K 300 0.53 18.6edf 7.9a 6.5a 18.1ba 

N 230 K 160 1.44 15.6ef 7.9a 6.2a 21.5ba 

N 230 K 230 1 16.2ef 7.4a 4.0a 15.5ba 

N 230 K 300 0.77 24.9bdc 7.4a 7.5a 18.1ba 

N 300 K 160 1.88 31.8ba 5.6b 2.4a 6.2b 

N 300 K 230 1.30 28.4bac 7.5a 3.8a 9.5ba 

N 300 K 300 1 34.6a 6.5ba 4.6a 9.6ba 

N 160 only - 17.0ef 6.7a 4.3a 14.0ba 

LSD  7.4 1.8 Ns 16.2 

CV  19.5 15.3 69.3 62.9 

*Values with the same letter within a column are not significantly different. 

 

 
Table 3.5f: Lanorma dry mass for leaves, stems and tubers and corresponding harvest index at second 

harvest 

Treatment N:K ratio Leaves Stems Tuber HI 

N 160 K 160 1 19.0d 14.5a 43.51b 55.1ba 

N 160 K 230 0.70 25.0dc 10.2bac 75.6b 66.3a 

N 160 K 300 0.53 22.4dc 13.5ba 65.8b 63.7a 

N 230 K 160 1.44 21.8dc 10.8bac 59.1b 64.1a 

N 230 K 230 1 26.6c 10.6bac 72.7b 66.1a 

N 230 K 300 0.77 26.8c 10.8bac 68.7b 64.5a 

N 300 K 160 1.88 44.5b 10.0bac 41.0b 42.4b 

N 300 K 230 1.30 42.8b 10.6bac 115.9a 66.5a 

N 300 K 300 1 54.1a 8.5c 69.7b 51.4ba 

N 160 only - 18.9d 11.5bac 58.8b 64.8a 

LSD  6.6 4.52 42.2 16.2 

CV  12.8 23.9 36.9 15.8 

*Values with the same letter within a column are not significantly different. 



  
  
 Final report: N and K nutrition of potato cultivars 2019       Page 46 
 

 

Table 3.5g: Lanorma dry mass for leaves, stems and tubers and corresponding harvest index at third 

harvest 

Treatment N:K ratio Leaves Stems Tubers HI 

N 160 K 160 1 57.5c 26.3ba 169.7ba 66.7bc 

N 160 K 230 0.70 49.6c 17.8b 170.8ba 70.9ba 

N 160 K 300 0.53 52.7c 26.7ba 195.6a 71.1ba 

N 230 K 160 1.44 47.0c 16.4b 196.2a 75.5a 

N 230 K 230 1 51.6c 24.3ba 162.37ba 68.3bac 

N 230 K 300 0.77 84.9ba 34.0a 199.1a 62.0dc 

N 300 K 160 1.88 71.7b 24.8ba 182.3ba 65.1bdc 

N 300 K 230 1.30 90.4a 33.8a 172.1ba 57.8d 

N 300 K 300 1 89.1a 26.3ba 203.3a 63.5dbc 

N 160 only - 46.8c 17.3b 127.3b 66.8bc 

LSD  14.2 10.9 56 8.5 

CV  13.0 28.8 18.7 7.5 

*Values with the same letter within a column are not significantly different. 

 

Table 3.5h: Lanorma dry mass for leaves, stems and tubers and corresponding harvest index at fourth 

harvest 

Treatment N:K ratio Leaves Stems Tuber HI 

N 160 K 160 1 15.00bedc 12.58 cd 190.27 c 87.37ba 

N 160 K 230 0.70 11.00e 11.87d 203.80bac 89.90a 

N 160 K 300 0.53 12.00ed 18.27b 219.33bac 87.8ba 

N 230 K 160 1.44 15.30 bdc 25.53a 194.47bc 82.63dc 

N 230 K 230 1 14.67bedc 25.83a 206.8 bac 83.60dc 

N 230 K 300 0.77 17.77bac 22.37a 225.73ba 84.83bc 

N 300 K 160 1.88 11.57ed 15.90cb 201.23bac 87.93ba 

N 300 K 230 1.30 14.37edc 22.37a 228.73a 86.03bc 

N 300 K 300 1 18.77ba 25.17a 226.57ba 83.73dc 

N 160 only - 21.03a 13.43cd 143.34 d 80.30d 

LSD  4.12 3.9062 32.713 3.6037 

CV  15.96 11.86 9.4135 2.477 

*Values with the same letter within a column are not significantly different. 

 

The pattern of growth, development and DM partitioning between these two cultivars varied, similar to reports 

recorded by Spitters (1987) that cultivars differ in terms of growth and DM partitioning. Innovator’s rapid early shoot 

growth, and its associated early assimilate translocation from shoot to tubers, is indicative that this cultivar can be 

classified as an early tuber filling cultivar, with early high HI, as reported by Spitters (1987). On the other hand, for 

Lanorma, tuber filling is more gradual during the season and therefore lower HI values will be obtained early during 

the growing season. Table 3.6 shows the average harvest index for both cultivars at the four harvest intervals, and 
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it is evident that Innovator had a significantly higher HI than Lanorma from the second harvest to the fourth harvest. 

This indicates that Innovator matures earlier than Lanorma. Figure 3.7 illustrates the dry mass yields for tubers, 

stems and leaves of both cultivars. It can be seen from the graph that Innovator is an early maturing cultivar, as its 

senescence occurred before 83 DAP, while Lanorma was still accumulating assimilates in the leaves at that stage. 

It therefore follows that Innovator will have a higher HI early in the season than Lanorma. Innovator was bred from 

Shepody and RZ-84-2580, and it was observed that Shepody accumulated its highest leaf dry matter yield at 72 

DAP and then it dropped rapidly (Geremew et al. 2007), similar to what is observed here for Innovator.  

 

Table 3.6: Harvest index per cultivar at each harvest time (means across treatments) 

Cultivar Harvest 1 Harvest 2 Harvest 3 Harvest 4 

Lanorma 15.1a 60.5b 66.8b 85.4b 

Innovator 17.8a 68.1a 86.6a 90.9a 

LSD 4.0 4.5 2.5 1.4 

CV 47.4 13.7 6.3 3.0 

*Values with the same letter within a column are not significantly different. 

 

 

 
Figure 3.7: Tuber, leaf and stem dry masses per plant for two cultivars across four harvest intervals 

(means across treatments).  
Notes: Inn-tuber = Innovator dry tuber mass, Lan-tuber = Lanorma dry tuber mass, Inn-leaf = Innovator dry leaf 
mass, Lan-leaf = Lanorma dry leaf mass, Inn-stem = Innovator dry stem mass, Lan-stem = Lanorma dry stem mass. 
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3.3.9 Leaf analysis results  

Figure 3.8 illustrates the results of leaf K content per cultivar and fertiliser treatment. Generally, leaf K concentration 

showed a tendency to increase with an increase in K level, across all levels of N for both cultivars. At the lowest N 

level, Lanorma surpassed Innovator in terms of K content in the leaves. As N was incremented to 230 and 300 kg 

ha-1, K leaf content for both cultivars were almost equal. Control treatments (0 K) for both cultivars showed lowest 

leaf K content, although the K content for Innovator was higher than that of Lanorma at this treatment, which may 

indicate that Innovator has a higher K uptake efficiency than Lanorma. Tables 3.7 and 3.8 show the leaf K, Mg, Ca, 

S and P contents for Innovator and Lanorma, respectively. For both cultivars, Ca and Mg showed a tendency to 

decline with the increase in K application, suggesting that higher K levels may have an antagonistic effect on Ca 

and Mg uptake. S content increased with an increase in K (due to K2SO4 being used as K source), while P remained 

almost constant across treatments.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8: Leaf potassium content for Lanorma (Lan) and Innovator (Inn). Error bars represent standard 

errors. 
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Table 3.7: Innovator leaf nutrient contents 

Treatment N:K K Mg Ca S P 

 Ratio …………………………..mg.kg1……………………………… 

N 160 K 160 1 19512d 13926bac 35008a 6670ba 3745.7a 

N 160 K 230 0.70 22806ba 12960bc 27145ba 7048a 2958.7a 

N 160 K 300 0.53 22674ba 11216c 23190b 6976ba 2600.3a 

N 230 K 160 1.44 19710dc 18371a 27262ba 5164bac 3317.3a 

N 230 K 230 1 21254bcd 16812ba 27413ba 5482bac 3067.7a 

N 230 K 300 0.77 22363b 13403bc 27363ba 6019bac 3258.0a 

N 300 K 160 1.88 22184bc 14367bac 25185b 4903bc 3071.0a 

N 300 K 230 1.30 23016ba 12497bc 24108b 5281bac 3100.0a 

N 300 K 300 1 25096a 14367bac 24127b 5535bac 3487.0a 

N 160 only - 15681e 18254a 29237ba 4512c 3291.0a 

LSD  2606.4 4793.3 8044.3 2137.2 1148.1 

CV  7.14 19.29 21.13 21.79 17.49 

*Values with the same letter within a column are not significantly different. 

 

 

Table 3.8: Lanorma leaf nutrient contents 

Treatment N:K K Mg Ca S P 

 Ratio ……………………….........……..mg.kg-1…………….…….……………… 

N 160 K 160 1 23778ba 14182bcd 28592a 5834.7cb 4249.0ba 

N 160 K 230 0.70 25633ba 10290d 21534b 7739.0a 3908.3ba 

N 160 K 300 0.53 28099a 13430cd 25504ba 8360.3a 4146.7ba 

N 230 K 160 1.44 16436c 18356ba 26383ba 4211.3ed 3243.7b 

N 230 K 230 1 24719ba 12044cd 21860b 5717.0cb 4384.7a 

N 230 K 300 0.77 23362ba 12248cd 23750ba 4999.3cbd 4493.a 

N 300 K 160 1.88 22697b 13070cd 21514b 5495.7cb 3853.0ba 

N 300 K 230 1.30 22312b 15299bc 22692ba 4671.3ced 3944.7ba 

N 300 K 300 1 23362ba 11358cd 23202ba 6015.0b 4375.0a 

N 160 only - 11036d 20300a 25356ba 3537.7e 3670.3ba 

LSD  5285.8 4750.6 6710.1 1259.3 1105.9 

CV  13.94 19.84 16.38 13.07 16.12 

*Values with the same letter within a column are not significantly different. 
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3.4 Conclusions 

The two cultivars proved to differ in plant height, such that Lanorma surpassed Innovator in height as the season 

progressed. Tuber dry mass yield for Innovator increased more rapidly over harvest intervals, compared with 

Lanorma, which suggests that Innovator is earlier maturing than Lanorma. On the other hand, Lanorma surpassed 

Innovator in terms of dry leaf mass, tuber numbers and stolon length. This higher dry mass of tubers for Innovator 

and lower leaf and stem dry mass, as compared with Lanorma, resulted in Innovator having a significantly higher 

HI than Lanorma. The two cultivars were almost similar in terms of nutrient contents, particularly with respect to K. 

Tuber yield showed an increasing tendency for each N level as K was incremented for both cultivars. This is 

analogous with the findings of Singh and Lal (2012). This increase in tuber yield was also associated with N:K ratios 

for both cultivars, such that N:K ratios greater than 1.3 seemed to supress yield.  

The two cultivars varied in IPAR measurements and patterns of canopy growth. Innovator slightly surpassed 

Lanorma in IPAR percentage early in the season. On the other hand, Lanorma reached higher maximum IPAR 

values than Innovator at lower and intermediate levels of N. The earlier senescence of Innovator than Lanorma 

further confirmed that Innovator is an early maturing cultivar. In order to achieve maximum yield, canopy cover 

must reach its maximum early, and natural senescence should occur unimpaired. Cultivars such as Innovator, 

which rapidly reach maximum IPAR and rapidly senesce, can furthermore be planted later in summer or early 

autumn, since they would still be able to complete their growth and development cycle before winter commences. 

As for Lanorma, growth performance may be hampered by winter for late plantings, which will force premature 

senescence and decrease yield. It is therefore advised that Lanorma should be planted earlier in the season so 

that it can reach senescence without being affected by winter. 

  



  
  
 Final report: N and K nutrition of potato cultivars 2019       Page 51 
 

 

Chapter 4 

 

FIELD TRIAL: FINAL TUBER YIELD, SIZE DISTRIBUTION AND NUTRIENT USE 

EFFICIENCY RESPONSE TO NITROGEN AND POTASSIUM FERTILIZER LEVELS 
 

4.1  Introduction 

Potato yields have been observed in studies to respond positively to an adequate application of both N and K. 

Nitrogen is known to have a greater influence on yield than K, as was documented earlier in Chapter 2. Nitrogen 

promotes rapid canopy cover and a deficiency leads to early defoliation (as elaborated on in Chapter 3), which 

eventually leads to a reduction in yield. For K, yield is reported to respond positively until an optimal K level is 

achieved, but beyond the optimal level, K uptake increases while yield remains constant (Allison et al. 2001; 

AbdelGadir et al. 2003; Yan et al. 2005; Guo 2007; Karam et al. 2009; Kang et al. 2014). On the other hand, Kang 

et al. (2014) reported that potato yield does not respond to K application, if K is abundant in the soil. Other authors, 

such as Yan et al. (2005), Li et al. (2006), Xia and Guo (2008), and Jiang (2009), have also observed the same 

trend on soils with high K content. 

Nutrient efficiency can be defined as the ability of a plant to achieve a high yield under conditions when the level of 

a particular nutrient is limited (Soratto 2015). According to Wang et al. (2010a), nutrient efficiency can be classified 

into two categories, namely nutrient use efficiency and nutrient uptake efficiency. The latter is defined as the 

capability of a plant to take up the nutrient under observation from the soil, while the former is defined as the 

capability of a plant to produce biomass or a product of economic interest using the nutrient that was taken up 

(Wang et al. 2010a). 

Appropriate application levels of N and K would not only result in increasing yield and improving tuber quality, but 

it would also influence tuber size distribution. When it comes to marketability, tuber size distribution plays an 

important role. In this regard, medium- and large-size tubers are preferable over small tubers. Some authors have 

observed the influence of K on tuber size distribution. For example, Karam et al. (2009) examined two cultivars, 

Derby and Spunta, at four levels of potassium oxide (K2O) (0, 96, 196 and 288 kg ha-1) and observed a significant 

increase in medium- and large-size tubers with an increase in K level up to 196 kg ha-1 K2O, at constant N and P. 

No further increase in tuber size above this level of K was observed. The results of Moinuddin et al. (2004) and 

Moinuddin et al. (2005) were analogous to those of Karam et al. (2009), while Singh (1997) observed conflicting 

results, and documented the fact that medium- and large-size tubers decreased with an increase in K level. These 

conflicting reports could be attributed to the different soil, environmental and climatic conditions under which these 

studies were conducted. It is therefore important to also quantify yield and size distribution based on cultural 

practices, such as fertiliser management, and also take into consideration the prevailing climatic conditions. 

 

4.2  Materials and methods 

Tuber yield observations were made for the same field trial for which growth, soil and tuber nutrient results were 

reported in Chapter 3. At final harvest, the two inner rows (excluding borders) per replicate plot were harvested with 

a commercial harvester. The tuber mass obtained per plot was converted into mass per hectare. Data was 

subjected to analysis of variance, followed by the least significant difference (LSD ≤ 0.05) test to separate yield 
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means for significance using SAS for Windows (2002). Attained yield was compared to potential yield, based on 

local fertiliser guidelines. 

For tuber size distribution, tubers were characterised as small (<100 g), medium (100 – 170 g) or large (>170 g). 

The mass per size class was recorded and expressed as a percentage of the total mass per treatment per cultivar. 

Since the control plot received 0 kg ha-1 K and 160 kg ha-1 N, K responsiveness was conducted at 160 kg ha-1 K at 

the same level of N (160 kg ha-1). The responsiveness was calculated using Equation 4.1. Yield at 0 kg ha-1 K was 

compared with yield at 160 kg ha-1 K at the same level of N (160 kg ha-1) in order to see if yield varied significantly. 

Nitrogen use efficiency (NUE) and potassium use efficiency (KUE), commonly known as partial factor productivity 

(PFP), were calculated to evaluate the efficiencies. Equation 4.2 was used to calculate PFP.  

Responsiveness (%) =
𝑌−𝐾

𝑌+𝐾
× 100            Equation  4.1 

where Y-K is the yield without K application, and Y+K is the yield with K application. 

PFP =
𝑌

𝑛𝑝
                Equation  4.2 

where Y represents yield in kg ha-1 and np is the amount of  the particular nutrient applied in kg ha-1. 

 

4.3  Results and discussion 

4.3.1  Tuber yield as affected by nitrogen and potassium  

Figure 4.1 shows yield per fertiliser treatment per cultivar. For both cultivars, the highest yield was attained at 300 kg 

ha-1 N and 300 kg ha-1 K, and this highest yield was significantly higher than the yield of all other treatments. The 

corresponding N:K ratio for this particular treatment was one. For Innovator, the highest yield was 51.0 t ha-1 and 

for Lanorma it was 64.2 t ha-1. The lowest yield for Innovator was recorded at N 160 and K 300 kg ha-1 (N:K ratio 

0.53), followed by the control. The yields of the latter two treatments were not significantly different from the yields 

at N 160 and K 160 kg ha-1 and at N 160 and K 230 kg ha-1. For Lanorma, the lowest yield was observed for the 

control, which was significantly lower than the rest, followed by N 160 and K 160 kg ha-1 and then N 160 and K 300 

kg ha-1. Based on N:K ratios, with the exception of the lowest level of N, nutrient ratio proved to play a major role 

in yield. It can be clearly seen that at levels of 230 and 300 kg ha-1 N, N:K ratios of between 0.77 and 1 gave 

significantly higher yields, compared with ratios that ranged from 1.30 to 1.88. This shows that there is an interaction 

between N and K, provided that none of the two nutrients are limiting. These results are quite similar to the findings 

of Singh and Lal (2012). In their study, they observed no significant differences between two combinations of N and 

K, 225 kg ha-1 N and 150 kg ha-1 K (N:K ratio 1.5) and 150 kg ha 1 of both N and K (N:K ratio 1). This means that, 

without wasting much fertiliser resources, optimal yield can be obtained by incrementing both nutrients in 

appropriate ratios in order to avoid nutrient imbalances.  

It is conspicuous that yield increased as N was incremented. For Innovator, the yield increased slightly with an 

increase in K per N level. For Lanorma, at 160 and 230 N kg ha-1, the yield increased as K was incremented from 

160 to 230 kg ha-1 and then slightly dropped at 300 kg ha-1 K. At 300 kg ha-1 N, the trend was different, such that a 

higher yield was achieved at 300 kg ha-1 K. Generally, yield responded more to N than to K application. Table 4.1 

shows the yield responses to N across the three levels of K, and the yield responses to K across the three levels 

of N. It can be seen that for both cultivars, yield increased significantly with an increase in N (means across K 

levels). On the other hand, yield increased significantly with K application up to 230 kg ha-1, while a further increase 
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in K did not lead to an increase in yield. These results are similar to the findings of Tiemens-Hulscher et al. (2014) 

who reported that higher levels of N resulted in higher AUCCPC, which implies prolonged, higher IPAR values, 

resulting in higher yield. High N level results in quicker canopy cover development and it also prolongs the growing 

season, which maximises the time frame for light interception for synthesis of DM. 

 

 

Figure 4.1: Tuber yield per cultivar at final harvest, N and K represents nitrogen and K the preceding 

values represent application level of these two nutrients. Yield with the same letter per cultivar are not 

significantly different Innovator LSD = 1.81, Lanorma LSD = 1.86. 

 

Table 4.1: Effect of N and K on tuber yield of the two potato cultivars 

Application  ……Lanorma yield (kg ha-1)……. ……..Innovator (kg ha-1)………. 

(kg ha-1) N K N K 

160 47.24c 51.14b 39.49c 43.06b 

230 50.21b 54.06a 43.08b 43.98ba 

300 61.99a 54.25a 49.23a 44.76a 

LSD 2.1459 0.9146 1.2954 1.2452 

CV 1.675 1.675 3.185 3.185 

*Values with the same letter within a column are not significantly different. 

 

The lower yield observed for Innovator, as compared with that of Lanorma, could be due to the duration of growth 

for Innovator, which was quite short compared with Lanorma. A longer active leaf growth duration is one of the 

main factors that influence yield and this factor restricts the yield of early maturing cultivars (Lahlou et al. 2003). It 

can be gathered, therefore, that the lower yield for Innovator was due to limited active leaf growth duration and 

longevity, which was lower than that of Lanorma. The short growth duration of Innovator is a genetic characteristic, 

which this cultivar inherited from its one parent, Shepody, an early maturing cultivar. When Shepody was compared 
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with three other cultivars in an earlier study in the same area (Pretoria), it accumulated DM more rapidly than other 

cultivars did, but eventually had significantly lower yield than the rest of the cultivars (Geremew et al. 2007). 

Molahlehi et al. (2013) compared early maturing cultivars with late-maturing cultivars at different locations in 

Lesotho (a country surrounded by South Africa) and observed that late-maturing cultivars out-competed early 

maturing cultivar in all locations. This is similar to the findings of the current study in that Innovator, which matured 

earlier than Lanorma, had a lower yield. This also confirms that higher yield is attained when days to maturity are 

longer (Camire 2009). On the other hand, the results of this study contradict those of Tiemens-Hulscher et al. 

(2014), who observed a more intense increase in yield in early maturing cultivars at a high level of N than in late-

maturing cultivars. However, in their study, Tiemens-Hulscher et al. (2014) reported the early infestation of late-

maturing cultivars with late blight, which resulted in a low response to N application, as compared with early 

maturing cultivars. 

 

4.3.2  Comparison of yield attained with current South African potato production fertiliser 

guidelines 

In South Africa, potato fertiliser levels are recommended based on target yield (Steyn and Du Plessis 2012). Table 

4.2 is a compilation of some extracts from Steyn and Du Plessis (2012), showing potential tuber yield based on N, 

P and K for soils similar to that used in this study (soils with clay content of 10 – 20%). Based on the South African 

guidelines, Innovator and Lanorma performed well at lower levels of K and N. For example, 160 kg ha-1 for both K 

and N would be expected to yield around 30 t ha-1, yet these cultivars yielded 39.77 and 44.95 t ha-1 for Innovator 

and Lanorma, respectively. At intermediate levels of N and K (230 kg ha-1), yields of around 50 t ha-1 could be 

expected, according to the guidelines. However, Innovator gave a lower yield of 44.26 t ha-1, while Lanorma gave 

slightly higher yield of 52.44 t ha-1, as compared with the guidelines. Since the applied P in the current study was 

70 kg ha-1, the yield for Innovator could probably have been restricted by P, taking into consideration that the optimal 

P level for 50 t ha-1 would be 90 kg ha-1 for such a soil. At the highest levels of N and K, the yield could be expected 

to be around 80 kg ha-1, but both cultivars fell short of the potential yield. Limited P application could have thwarted 

the potential of these cultivars at these levels of N and K, since the corresponding P level needed would be 120 kg 

ha-1. Furthermore, it is a known fact that shorter duration cultivars, such as Innovator, have lower yield potentials 

and therefore yields of 80 kg ha-1 are therefore not likely to be attained under local conditions. 
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Table 4.2: Nitrogen, P and K fertiliser recommendations (kg ha-1) for different yield potentials under 

irrigation on soils with clay content of 10 – 20% and specific soil nutrient status 

 ………..………….….Yield potential (ton.ha-1)……….……………. 

Soil nutrient contents (mg.kg-1) 30 40 50 60 70 80 

 ………………..…...…N fertilisation (kg ha-1)…….…….…………… 

 150 190 220 240 260 280 

……P content (mg.kg-1)….. ………………………..P fertilisation (kg ha-1)……….…….……….… 

BRAY1 BRAY2 OLSEN  

20 - 25 25 - 32 12 - 15 70 80 90 100 110 120 

K content  (mg.kg-1) ……………………..…K fertilisation (kg ha-1)..……………..………. 

50 - 70 170 200 230 270 300 320 

*Each column shows yield potential (in bold) and then recommended N, P and K levels. 

 

4.3.3  Responsiveness to K, nitrogen use efficiency (NUE) and potassium use efficiency (KUE) 

per treatment combination 

Table 4.3 shows the K responsiveness for the two cultivars at 0 and 160 kg ha-1 K. Innovator was more responsive 

to K than Lanorma at 0 kg ha-1 K level. On the contrary, Lanorma was more responsive to K when the K level was 

incremented to 160 kg ha-1. For Innovator, yield was not significantly affected as K was increased from 0 to 160 kg 

ha-1, hinting that Innovator is not that responsive to K application. Innovator should therefore perform better than 

Lanorma in cases where K resources are limited. 

 

Table 4.3: Yield response of the two potato cultivars to K at constant N level of 160 kg ha-1 

Cultivar 0 kg ha-1 K 160 kg ha-1 K LSD CV 

Lanorma 36.84aA 44.95aB 2.08 2.24 

Innovator 39.06bA 39.77bA 1.57 1.76 

LSD 1.93 1.74   

CV 2.25 2.24   

*Values with the same capital letter within a row are not significantly different; values with the same small letter 

within a column are not significantly different. 
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The nitrogen use efficiency (NUE) and potassium use efficiency (KUE) values for Innovator and Lanorma are 

presented in Tables 4.4 and 4.5, respectively. NUE seemed to be higher at lower levels of N across all K levels, 

and it declined with increase in N level for both cultivars. Likewise, KUE declined with increases in K level across 

N levels. The decline in a particular nutrient use efficiency with an increase in the level of that nutrient applied has 

been well documented in literature (Fontes et al. 2010, Zhang et al. 2017 & Wang et al. 2019). Both NUE and KUE 

were not clearly influenced by N:K ratio. The NUE for Innovator increased at a specific level of N with an increase 

in K, except at the lowest level of N. For Lanorma, at the lowest and intermediate levels of N, NUE increased with 

an increase in K level. The trend was not so clear at the highest level of N. KUE tended to increase with increase 

in N for both cultivars. Lanorma generally had higher NUE and KUE than Innovator due to the fact that it had higher 

yields than Innovator. Variations in NUE among potato cultivars have been observed before, such that some 

cultivars needed only one third of the dose of N supplied to other cultivars to achieve the same yield (Dua et al. 

2007). For Innovator, NUE varied from 159 to 248 kg tubers kg-1 N, and for Lanorma, NUE ranged from 201.73 to 

307.50 kg kg-1. Dua et al. (2007) observed NUE values ranging from 110 to 400 kg.kg-1, and therefore the findings 

of this study fall within those limits.  

 

Table 4.4: Nitrogen and potassium use efficiencies (kg potato kg-1 nutrient applied) per treatment for 

Innovator 

Treatment N:K ratio NUE (kg.kg-1)  KUE (kg.kg-1) 

N160K160 1 248.6 248.6 

N160K230 0.70 248.1 172.6 

N160K300 0.53 243.8 130.0 

N230K160 1.44 180.7 259.7 

N230K230 1 188.7 188.7 

N230K300 0.77 192.4 147.5 

N300K160 1.88 159.5 299.1 

N300K230 1.30 162.7 212.3 

N300K300 1 170.0 170.0 

N160 only - 244.1  
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Table 4.5: Nitrogen and potassium use efficiencies (kg potato kg-1 nutrient applied) for Lanorma 

Treatment N:K ratio NUE (kg.kg-1) KUE (kg.kg-1) 

N160K160 1 280.9 280.9 

N160K230 0.70 307.5 213.9 

N160K300 0.53 297.4 158.6 

N230K160 1.44 205.2 295.0 

N230K230 1 228.0 228.0 

N230K300 0.77 221.7 170.0 

N300K160 1.88 204.2 382.9 

N300K230 1.30 201.7 263.1 

N300K300 1 214.0 214 

N160 only - 230.3  

 

 

4.3.4  Tuber size distribution  

The results show that the two cultivars varied in tuber size distribution, which was greatly influenced by N level, and 

more so than by K level. At 160 kg ha-1 K across the three levels of N, the percentage of medium and large tubers 

tended to increase with N increase, at the expense of smaller tubers for both cultivars, but more so for Innovator 

than for Lanorma (Figure 4.2). Generally, Innovator had a higher proportion of large tubers than Lanorma, but on 

the other hand, Lanorma had a higher proportion of medium tubers than Innovator did. It should also be noted that 

large tubers for Lanorma at this level of K weighed around 200 g per tuber, while for Innovator, most of the large 

tubers weighed above 250 g per tuber. Both cultivars allocated the smallest proportion of assimilates to small-sized 

tubers, with Innovator yielding about 12% and Lanorma around 10% smalls. Figures 4.3 and 4.4 show Lanorma 

and Innovator tuber size distributions at 160 kg ha-1 N and K during final harvest. From these figures, it can be seen 

that Innovator had larger tubers, as compared with Lanorma. As K was incremented to 230 kg ha-1 across the three 

levels of N (Figure 4.5), the proportion of big tubers seemed to remain constant, although smaller tubers seemed 

to decrease for both cultivars. At 300 kg ha-1 K across all three levels of N, the percentage of large tubers for 

Innovator tended to increase, mainly at the expense of medium tubers, as N was incremented. On the other hand, 

the proportion of large tubers for Lanorma increased at the expense of both medium and small tubers (Figure 4.6). 

It should be noted that at the lowest level of N, there were no incidences of malformed tubers for both cultivars, but 

as N was incremented to 230 kg ha-1, incidences of malformed tubers were observed for Innovator, and more so at 

the highest level of N. On the other hand, Lanorma did not have any malformed tubers across all treatments. 
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Figure 4.2: Tuber size distribution at 160 kg ha-1 K across three levels of N. *Lan =  Lanorma, Inn = 

Innovator, values in brackets are N and K levels respectively (kg ha-1). 

 

These results are similar to those of Sun et al. (2017), who observed an increase in large tubers (>170 g) with an 

increase in N application. At 300 kg ha-1 N, the percentage of large tubers increased for both cultivars, with some 

observable differences between the two cultivars with regard to some attributes. From the observations of this 

study, tuber size distribution was mainly correlated with N level. This is contrary to the findings of Sharma and 

Aroma (1987), who observed an increase in medium and large tubers at the expense of small tuber number with 

increase in both N and K, rather than with increase in N only. Since tuber size seemed to increase more with an 

increase in N level, it then implies that N:K ratios equal to or greater than one, particularly at higher N levels, would 

result in a higher proportion of large tubers. Higher proportions of medium and smaller tubers would be obtained 

mainly at lower levels of N, irrespective of N:K ratio. 
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Figure 4.3: Lanorma showing mostly small tubers at 160 kg ha-1 of N and K 

 

 

 

Figure 4.4: Innovator showing mostly large tubers at 160 kg ha-1 of N and K 
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Figure 4.5: Tubers size distribution at 230 kg ha-1 K across three levels of N. *Lan =  Lanorma, Inn = 

Innovator, values in brackets are N and K level respectively. 

 

 

 

Figure 4.6: Tubers size distribution at 300 kg ha-1 K across three levels of N. *Lan = Lanorma, Inn = 

Innovator, values in brackets are N and K level respectively. 
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4.4  Conclusions 

Lanorma generally gave significantly higher tuber yields than Innovator. On the other hand, Innovator had bigger 

tubers than Lanorma. For both cultivars, yield increased as N was incremented across the three K levels. The 

highest N level resulted not only in the highest proportion of large tuber size, but also in more numbers of malformed 

tubers for Innovator, which rendered them unmarketable. Therefore, for the particular soil and growing conditions, 

the optimal N level was 230 kg ha-1 for Innovator. At a specific N level, yield increased slightly with an increase in 

K level up to 230 kg ha-1 in most cases. Yield also proved to be sensitive to N:K  ratios, such that ratios that ranged 

from 0.77 to 1 usually resulted in statistically higher yields than higher ratios, except at the lowest level of N (160 

kg ha-1). It is then concluded that optimal N and K with appropriate N:K ratios did indeed result in better yields, as 

has also been observed by other authors such as Zhang et al. (2010). Therefore, it is not advisable to increment 

one of the two elements without considering the level of another nutrient. These results concur with literature reports 

that best plant growth and development is associated with optimal N:K ratios, while inappropriate N:K ratios may 

result in nutrient imbalances, leading to sub-optimal plant growth and lower yields (Xie et al. 2000; Wells and Wood 

2007). Tuber yield was influenced more by N level, such that higher N levels resulted in a higher proportion of large 

tubers. N:K ratios lower than 1 resulted in more numbers of small and medium-sized tubers than higher ratios. NUE 

decreased with an increase in N level, and likewise, KUE decreased with an increase in K level. NUE seemed to 

improve with an increase in K level, and the same pattern was observed with KUE as N was incremented. 
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Chapter 5 

 

FIELD TRIAL: TUBER NUTRIENT CONTENT AND QUALITY RESPONSE TO 

NITROGEN AND POTASSIUM FERTILIZER LEVELS 
 

5.1  Introduction  

Many factors can influence potato response to fertiliser application. Such factors include genetic makeup, climatic 

conditions, availability of nutrients in the soil and fertiliser treatments during cultivation (Kavvadias et al. 2012). For 

instance, Ngobese et al. (2017) observed a significant variation in nutrient contents of different potato cultivars 

grown under the same agronomic conditions in South Africa. Cieslik and Sikora (1998) compared cultivars in terms 

of K content in tubers and observed a variation in K content between cultivars. Related studies led to the conclusion 

that K content in potato tubers is largely dependent on soil K content, cultivar, climate, and level and kind of K 

applied (Cieslik and Sikora 1998). With respect to N content in potato tubers, there are conflicting reports. For 

example, Kavvadias et al. (2012) applied N at three levels (330, 495 and 660 kg ha-1) and K at four levels (112, 

225, 450 and 675 K2O kg ha-1) and could not find a significant change in tuber N content across treatments. On the 

contrary, Ruža et al. (2013) studied the effect of N application on tuber N content at seven levels of N (30, 60, 90, 

120, 150, 180, and 210 kg ha-1), and they observed an increase in tuber N content with an increase in N level, until 

120 kg ha-1 N level, whereafter N content stabilised with further increase in N application. 

Ngobese et al. (2017) have stated that, among other things, the genetic makeup of the cultivar affects nutrient 

quality in potato tubers. Knowing the nutrient contents of tubers can help in decision making regarding nutritional 

value and cooking quality (Ngobese et al. 2017). Typical potato nutrient contents are well known, but most scientific 

studies, including the one published for South Africa by Ngobese et al. (2017), show that potato nutrient contents 

based on a whole tuber, and yet different tuber tissue layers, may have different nutrient compositions (Ortiz-Medina 

et al. 2009). A potato tuber is composed of three tissue layers, namely the skin, cortex and pith. Based on whole-

tuber nutritional content, Carter et al. (2008) investigated K, Ca, Mg, S and P, and noted amounts of around 18560, 

259, 889, 1499 and 1990 mg kg-1 respectively (dry mass basis). Similar values have been obtained by other authors 

such as Warman and Havard (1998), Alvarez et al. (2006), Haase et al. (2007) and Tamasi et al. (2015). 

The problem associated with this approach of analysing nutrients based on the whole tuber is that some potato-

processing industries do not process the whole tuber and they only use certain tissue layers, but these layers do 

not contribute equally in tuber mass. Across twenty cultivars evaluated, it was observed that the pith constitutes 54 

– 73% of the tuber mass, with an average value of 64.3%. The cortex contributes 26 to 43%, with average of 33.8%, 

and the periderm contributes 0.8 to 3.4%, with a mean value of 1.87% (Ortiz-Medina et al. 2009). When processing 

potatoes in the chip industry, the potato skin (periderm) is removed, while the cortex and pith are used as raw 

materials. This means that some nutrients would be lost when the skin is discarded. From an agronomy point of 

view, appropriate fertilisation would result in adequate amounts of Ca in the skin, which facilitates good skin set. It 

is, therefore, important to know the nutrient contents in each tissue layer, including the skin, since nutrients are 

unevenly distributed within the tuber. 

In order for potato tubers to qualify for processing, they must have an optimal specific gravity, higher dry matter 

content, acceptable chip colour and low reducing sugars (Solaiman et al. 2015). The quality attributes are largely 

affected by genetic make-up and fertiliser management. Some potato cultivars are not suitable for processing due 

to low dry matter content (Kabira and Berga 2003). On the other hand, some cultivars can be influenced by the 

amount and kind of fertiliser so as to attain an adequate dry matter content and SG for processing (Solaiman et al. 
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2015). Therefore, researchers should effectively inform farmers about varieties and appropriate fertiliser 

management that could result in better quality, as well as inform them in decision making about the most suitable 

end use (Elfnesh et al. 2011).  

According to Steyn et al. (2009), SG is a major attribute that determines the suitability of tubers for processing and 

it is directly proportional to DM content. Tubers with a higher DM content have a lower water content (Steyn et al. 

2009). Different authors have stated different suitable SG values for processing in literature. According to Mosley 

and Chase (1993), potato tuber SG can be classified as low (1.060 to 1.069), medium (1.070 to 1.079) or high 

(1.080 to 1.089). On the other hand, Fitzpatrick et al. (1964) stated that SG values less than 1.077 are considered 

to be low, while those between 1.077 and 1.086 are intermediate, and those more than 1.086 are considered to be 

high. Kabira and Berga (2003) suggested that the minimum SG value of 1.080 is appropriate for processing, while 

Somsen et al. (2004) concluded that an SG value of 1.075 or higher is acceptable for processing. Solaiman et al. 

(2015) stated that a much lower SG value of 1.070 is still appropriate for processing. Although higher SG values 

are necessary for processing, they should not exceed 1.089, as this value and above would render tubers 

unsuitable for processing due to hardness and brittleness of the chips (Mosley and Chase 1993). 

Tuber dry matter percentage can also determine the suitability of tubers for processing (NIVA 2002). Cacace et al. 

(1994) suggested that dry matter content values can be assembled into three groups, namely high dry matter 

content (higher than 20.0%), intermediate (dry matter content between 18.0 and 19.9%), and low (dry matter 

content lower than 18.0%). According to NIVA (2002), dry matter contents must range from 20 to 24% to be 

rendered suitable for French fries, while they should range from 22 to 24% for dry chips (crisps) and for the flake 

industry, it should be more than 21%. 

Cultivars do vary in both chip colour and texture (Abong and Kariba 2011). Chip colour is a factor that is taken into 

consideration for processing. Tubers may have higher values of both SG and DM content, but they may not be 

acceptable for processing if the colour is inappropriate. According to De Freitas et al. (2012), chip colour is most 

acceptable if it is golden yellow. Generally, lighter coloured chips are normally acceptable, while dark coloured 

chips are not. Dark coloured chips are a result of a reaction between reducing sugars (glucose and fructose) and 

the amino acid lysine and proteins (Feltran 2004). This reaction is known as the Maillard reaction and such chips 

are not only dark but also have a bitter taste, which renders them unmarketable (Melito et al. 2017). Permissible 

limits for the content of reducing sugars range from 0.5% to 2%. Reducing sugar content above 2% is unacceptable 

for processing (Feltran 2004). However, Moreira et al. (1999) advocated for stricter reducing sugar content of below 

0.25% and stated that chips are most suitable if reducing sugars only constitute 0.1% or less. According to Solaiman 

et al. (2015), fried chips are major contributors of acrylamide, a suspected carcinogen, which is mainly caused by 

the Maillard reaction (Pedreschi et al. 2005). Cultivars with low reducing sugars not only positively affect chip colour, 

but also reduce the formation of acrylamide, which is formed during processing in the presence of abundant 

reducing sugars (Sun et al. 2017). 

Tubers are susceptible to quality deterioration after storage, in particular, with respect to tuber mass loss. For 

example, tuber mass loss was observed by Golmohammadi and Afkari-Sayyah (2013) after five weeks of storage. 

The rate of tuber mass loss can be controlled by nutrient management. For example, Singh and Lal (2012) stored 

tubers for 90 days and discovered tuber mass loss of 7.8% when K was applied at 83 kg ha-1, compared with 

10.62% mass loss at 0 kg ha-1 of K. This implies that K plays a positive role in enhancing tuber storage life. This 

improvement in tuber storage life is associated with the ability of K to retard senescence, while K is also capable of 

inhibiting physiological disorders (Martin-Prevel, 1989). It is known that K not only extends shelf life of tubers, but 

also improves the storage quality of tubers (Martin-Prevel 1989; Perrenoud 1993). 

 



  
  
 Final report: N and K nutrition of potato cultivars 2019       Page 64 
 

 

5.2  Materials and methods 

5.2.1  Sample preparation for chemical analyses 

Eight medium size tubers (100 – 170 g) per sample were washed and rinsed in distilled water. The tubers were 

peeled and then cut longitudinally into four pieces. Further, the tubers were sliced longitudinally in the pith to a 

depth of about 3 mm (Figure 5.1). Each slice was then reduced at each end by 1 cm in order to exclude the cortex 

region. The pith and skin contents of about 70 g were placed in separate glass beakers and oven dried at a 

temperature of 60 °C for 48 hours. Samples were then ground and analysed for N, K, Ca, Mg, S and P contents. 

The data was subjected to analysis of variance, followed by the least significant difference test (LSD ≤ 0.05) to 

separate means for significance by using SAS for Windows (2002).  

 

 

Figure 5.1: Extraction of samples from the tuber pith 

 

5.2.2  Tuber chemical analysis 

For K, Ca, Mg, S and P analysis, 0.3 g of dried sample per replicate was used. A volume of 10 ml nitric acid was 

added to the sample, which was then digested in a digester. After digestion, the samples were placed in glass test 

tubes and distilled water was added to a volume of 35 ml. The samples were then filtrated and analysed using an 

ICP. 

For nitrogen analysis, pulverised dry tuber samples of about 100 mg per replicate were weighed out with a high-

precision scale. Each sample was then wrapped with aluminium foil prior to being placed inside a combustion 

chamber. A combustion temperature of 950 °C ± 1 °C and reduction temperature of 650 °C in the reactor was 

used, with helium (He) as the carrier gas. N analysis was then done using the Dumas method (Dumatherm® N Pro- 

Rapid Nitrogen / Protein Analyzer, C. Gerhardt GmbH & Co., Königswinter, Germany). 
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5.2.3  Tuber specific gravity, dry matter content and chip colour determination 

For tuber SG determination, eight medium-sized (100 – 170g) tubers, free of defects, were randomly sampled per 

treatment plot and SG was determined according to the underwater weighing method as described in Chapter 2, 

Section 2.2.2 (USDA, 1997). Specific gravity was then calculated using Equation 2.1. In the use of this equation, 

the criterion for assessing the suitability for processing was adopted from Somsen et al. (2004), such that SG values 

below 1.075 were considered unsuitable for processing. 

Another eight medium-sized tubers, free of defects, were randomly sampled for determination of DM%. The tuber 

samples were weighed fresh, diced into small pieces, dried at 60 °C until reaching constant mass, and re-weighed. 

Dry matter content was then calculated according to Equation 5.1. The criterion for characterising the suitability of 

tubers based on dry matter content was adopted from NIVA (2002), as explained earlier. 

DM % =  
𝑑𝑟𝑦 𝑚𝑎𝑠𝑠

𝑓𝑟𝑒𝑠ℎ 𝑚𝑎𝑠𝑠
× 100 

                     Equation 5.1 

For chip colour analysis, 10 medium-sized tubers, without defects, were selected per replicate. These were sent to 

ARC-VOP for chip colour determination. The scoring was such that the lighter the chip colour, the higher the score, 

and the more acceptable the chip. A chip colour score below 50 was considered unsuitable for processing. 

For assessment of tuber mass loss, a sample of ±10 kg tubers was taken per plot and packed in 10 kg commercial 

potato bags. Only tubers free from defects were used and the preference was to use medium-sized potatoes. For 

treatments that received the highest N level, medium-sized tubers were few, and most of the potatoes used for 

those treatments were large. The bagged tubers were then weighed, stored for two months in a storage room at a 

temperature of 18 °C, and re-weighed to assess mass loss. Tuber mass loss was expressed as a percentage of 

original mass before storage. 

SG, DM% and chip colour scores per fertiliser combination per cultivar were subjected to analysis of variance, 

followed by the least significant difference (LSD ≤ 0.05) test to separate means in order to find variations among 

treatments by using SAS for Windows (2002). Treatments were also characterised for suitability for processing 

(control treatments included). The effect of N on SG, DM% and chip colour was also analysed (means across K 

levels), as well as the effect of K on SG, DM% and chip colour (means across N levels).   

5.3  Results and discussion 

5.3.1  Tuber pith and skin nutrient contents for Innovator 

The Innovator pith nutrient contents are tabulated in Table 5.1. The pith K concentration for Innovator was 

substantially higher in other treatments, compared with the control. There was a tendency that, at each level of N, 

the K content increased with an increase in K level. The highest level of N also seemed to increase K concentration 

in the pith. Singh and Lal (2012) applied N at four levels, 0, 75, 150 and 225 kg ha-1 and observed a significant 

increase in K uptake as N was incremented from 0 to 75 kg ha-1 and 75 to 150 kg ha-1, which is similar to the 

findings of the present study. However, in their case, K remained constant when N was incremented from 150 to 

225 kg ha-1. In the current study, nitrogen content was not significantly higher across most treatments, despite an 

increase in N level. This is similar to the observation made by Kavvadias et al. (2012), who applied N at three levels 

(330, 495 and 660 kg ha-1) and four levels of K (112, 225, 450 and 675 K2O kg ha-1), and they also could not find a 

significant change in N content across treatments.  
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In the current study, the lowest N content in the tuber pith was observed at 230 kg ha-1 of both N and K, while the 

N content was highest for the control treatment (160 N and 0 K kg ha-1). Several reasons could explain why the N 

concentration was higher in the absence of K. The reasons are, firstly, the antagonistic effect between K+ and NH4
+, 

and between NO3
- and SO4

-2. In the presence of K fertiliser (in this case, K2SO4), K+ ions would compete with NH4
+ 

for uptake and this may result in less N being taken up. NO3
- and SO4

-2 may also compete and less NO3
- would be 

taken up by the tubers. It has also been reported that soils with insufficient K normally have higher NO3
- in the 

tubers (Cieslik and Sikora 1998). Therefore, in the case of this study, the 0 kg ha-1 K treatment may have led to 

higher N uptake and translocation to the tubers. 

The contents of Ca, Mg, S and P were not significantly different across most treatments. As compared with other 

macro-nutrients, the Ca content in the tubers was quite low, despite that fact that the soil analysis results showed 

that Ca was abundant in the soil. It should be remembered that calcium content was higher in the leaves during in-

season leaf analysis (Chapter 3). This proves that Ca is mainly transported to the foliage by “transpiration pull” and 

cannot be redistributed in the plant, hence the low Ca content of tubers (Busse and Palta 2006). 

 

Table 5.1: Nutrient contents within the tuber pith for cultivar Innovator 

  

(%) 

    Nutrient element  

……………………….…………... (mg kg-1)……………..….………………….… 

Treatment N K Ca Mg S P 

N160K160 2.14bdc 10351.0bc 354.4a 1130.8a 1849.7ba 2016.4ba 

N160K230 2.20bdc 10692.0bc 179.6cb 1125.6a 1878.1ba 1988.0ba 

N160K300 2.06dc 10765.0abc 241.1cb 1042.9a 1636.6b 1635.7b 

N230K160 2.32bac 10292.7bc 183.0b 1111.5a 2005.3a 2126.5ba 

N230K230 1.93d 10455.7bc 165.4c 1087.9a 1780.5ba 1777.2ba 

N230K300 2.24bdc 11660.0ab 196.8cb 1163.8a 1959.8a 1870.5ba 

N300K160 2.42ba 10610.0bc 249.6b 1108.5a 1859.4ba 2152.9a 

N300K230 2.39ba 11380.7ab 220.0cb 1181.0a 1885.1ba 2215.1a 

N300K300 2.45ba 12404.7a 216.5cb 1208.4a 1897.5ba 2288.6a 

N160 only 2.62a 9708.4c 229.83 1086.3a 1959.8ba 2118.3ba 

LSD 0.33 1679.0 84.2 204.8 295.9 512.0 

CV 8.47 9.10 22.1 10.69 9.30 14.89 

*Values with the same letter within a column are not significantly different. 

 

Table 5.2 presents the K, N and other nutrient contents in the skin of the Innovator cultivar. The N level in the skin 

was highest in the absence of K application, as in the pith, followed by treatments with highest level of N. The N 

content in the skin tended to decline significantly as the N application level decreased to its lowest level. These 

results are consistent with the findings of Öztürk et al. (2010), who reported an increase in protein content in tubers 

with an increase in N application. In the current study, a higher K concentration was associated with the highest K 

application level across all levels of N, and the K concentration in the skin decreased with a decrease in K 

application. Similar to results for the pith, the lowest K concentration was recorded for the control (treatment without 

K application), followed by the lowest K level at 230 kg ha-1 of N. The Ca, Mg, S and P contents seemed not to 

follow any trends, and most treatment differences were not significant (Table 5.2). 
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Table 5.1: Nutrient contents in the tuber skin for cultivar Innovator  

  Nutrient element 

 % ….………….…………………..mg kg-1……………….………………… 

Treatment N K Ca Mg S P 

N160K160 2.32dec 12906.3bac 774.6a 1379.4a 1885.1a 1766.4ba 

N160K230 2.22e 12229.6bac 786.1a 1230.8b 1623.ba 1527.0ba 

N160K300 2.31de 12357.9bac 802.7a 1222.3b 1687.9ba 1379.0b 

N230K160 2.5bdac 11663.8dc 719.6a 1155.9cb 1829.1a 1795.5ba 

N230K230 2.19e 12077.6bdca 725.8a 1237.4b 1741.6ba 1493.7ba 

N230K300 2.55bac 13415.7ba 794.8a 1240.57b 1700.8ba 1498.8ba 

N300K160 2.39bdec 11899.0bdc 678.0a 1126.9cb 1767.2ab 1851.9a 

N300K230 2.57ba 12070.2bdca 849.9a 1162.6cb 1628.1ba 1734.0ba 

N300K300 2.57ba 13617.9a 800.1a 1205.5b 1741.2ba 1770.2ba 

N160 only 2.71a 10459.4d 708.6a 1042.5c 1538.2b 1523.7ba 

LSD 0.24 1682.5 156.8 127.0 277.73 422.0 

CV 5.76 8.05 11.71 6.21 9.50 15.14 

*Values with the same letter within a column are not significantly different.  

 

5.3.2  Tuber pith and skin nutrient contents for Lanorma 

Nutrient contents for the tuber pith of Lanorma are shown in Table 5.3. Although there was a tendency for the K 

content to increase with an increase in K (within the same N level), differences were not significant, except for the 

control, for which tuber K content was significantly lower than those of the rest of the treatments. The N content in 

the pith of Lanorma tubers varied from 1.78 to 2.55%, with highest N content being recorded for the control 

treatment. The lowest N content was associated with combinations of high K application and lower N or intermediate 

N applications. Other nutrients were not significantly different for most treatments. For calcium, higher levels were 

obtained at the highest levels of N, and in most cases, Ca slightly decreased with an increase in K at each level of 

N. The Ca levels ranged from 210 to 279 mg.kg-1. It seems that a high level of K suppressed Ca uptake. Sulphur 

(S) content ranged from 160 to 186 mg.kg-1 and most treatments were not significantly different from each other. 

The lowest level of S was found in the control treatment, which was likely due to the fact that the control treatment 

did not receive S, since K2SO4 was not applied to it. The content of P was similarly not significantly different for 

most treatments, like Ca; however, higher contents of P were recorded at treatments with higher levels of N, but 

decreased with an increase in K2SO4 application. Probably, there was an antagonistic effect between sulphates 

and phosphates. Antagonistic effects between sulphates and phosphates on nutrient uptake have also been 

reported by Aulakh and Pasricha (1977). 
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Table 5.2: Nutrient contents in the tuber pith for cultivar Lanorma  

  Nutrient element 

 % ………….……………………..……..mg kg-1…………………………….……… 

Treatment N K Ca Mg S P 

N160K160 2.47ba 13462.4a 267.67bac 1289.9a 1668.9bc 2398.0bac 

N160K230 2.02de 13579.1a 280.51bac 1372.4a 1698.0bac 2100.0c 

N160K300 1.79e 13742.4a 266.43bac 1400.4a 1747.4bac 2455.4bac 

N230K160 2.27bc 13477.9a 207.47c 1288.8a 1674.7bac 2322.5bac 

N230K230 2.11bc 13730.7a 220.62bc 1294.2a 1617.2c 2223.3bc 

N230K300 1.78e 1383.57a 251.42bc 1322.6a 1641.6bc 2242.7bc 

N300K160 1.88de 14415.1a 265.45bac 1318.3a 1869.6a 2797.3a 

N300K230 2.24bc 14559.0a 342.73a 1386.7a 1799.9bac 2707.0ba 

N300K300 2.10dc 14104.0a 293.14ba 1421.0a 1839.2ba 2481.1bac 

N160 only 2.55a 11864.1b 245.54bc 1132.2b 1603.6c 2377.0bac 

LSD 0.27 1345.3 78.82 152.6 200.0 547.4 

CV 8.16 5.78 17.52 6.77 6.84 13.33 

*Values with the same letter within a column are not significantly different. 

 

Table 5.4 shows the nutrient contents in the skin of Lanorma. Most treatments that received K fertiliser were not 

significantly different in skin K content. However, K substantially increased with an increase in K application at each 

level of N.  

 

Table 5.3: Nutrient contents in the tuber skin for cultivar Lanorma 

 Nutrient element 

       % ……………….…………..…….…..mg kg-1…………..……….………………… 

Treatment       N K Ca Mg S P 

N160K160 2.12ed 17414bc 708.4b 1356.5ba 1549.1b 1539.6ba 

N160K230 2.52ba 17480bc 837.9ba 1320.3b 1516.0b 1164.8b 

N160K300 2.34bdc 19727bac 989.7ba 1622.1ba 1984.3a 1485.9ba 

N230K160 2.44bac 18374bac 1079.4a 1696.7a 1976.1a 1702.6a 

N230K230 2.19edc 20602ba 996.9ba 1543.1ba 1976.1a 1515.1ba 

N230K300 2.52ba 21372a 806.7ba 1413.6ba 1623.8ba 1370.0ba 

N300K160 2.29bedc 18884bac 910.9ba 1505.0ba 1854.4ba 1629.8ba 

N300K230 2.03e 18572bac 795.1ba 1465.7ba 1717.1ba 1516.3ba 

N300K300 2.24bedc 19077bac 892.5ba 1516.8ba 1725.7ba 1633.3a 

N160 only 2.65a 15963c 877.0ba 1283.2b 1513.3b 1393.4ba 

LSD 0.29 3871.1 296.7 365.7 397.6 384.8 

CV 7.35 12.08 19.59 14.58 13.39 15.11 

*Values with the same letter within a column are not significantly different 
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Tuber skin K content also tended to increase with N application. This is similar to the findings of Boydston et al. 

(2017) who observed an increase in K content in tubers with an increase in N application. Highest skin K contents 

were observed at 230 kg ha-1 N and it increased with an increase in K level applied. The lowest K content was 

noticed for the control, and this was for the obvious reason that the control did not receive any K. The second lowest 

K content was recorded for the treatment combination of 160 kg ha-1 N and K. The highest K content was observed 

for the combination of 230 N and 300 kg ha-1 K. For Ca, Mg, S and P, most treatments were not significantly 

different. Based on their observation with P content, ranging from 698 to 798 mg kg-1 DM, which was substantially 

higher than the findings of this study, Šimkova et al. (2013) saw a significant difference in the P content among 

cultivars and stated that this difference was dependent on variety. 

Table 5.5 shows the mean nutrient contents in the pith and skin across treatments. N, K, Mg and Ca contents were 

significantly higher in the skin than in the pith for both cultivars. Furthermore, K, Mg and Ca contents were 

significantly higher for Lanorma than for Innovator. Cieslik and Sikora (1998) also reported varying potassium 

contents for different cultivars. According to Cieslik and Sikora (1998), the K content in potatoes is largely 

dependent on soil K content, nature of the cultivar, climate, and the level and kind of K applied. 

Contrary to the nutrients discussed above, the P content was significantly higher in the pith for both cultivars; S was 

not significantly different between the pith and skin for Lanorma, while for Innovator, the pith had a significantly 

higher S content than the skin.  

 

Table 5.4: Tuber nutrient contents per cultivar (means across fertiliser treatments) 

Cultivar 

Nutrient element 

N K Mg P S Ca 

 % ……………….…………...…….mg kg-1…………….……………………… 

Lan-skin 2.33ba 18242.5a 1472.3a 1495.0c 1743.2b 889.5a 

Lan-pith 2.04c 13677.0b 1322.7b 2411.a 1716.0b 264.1c 

Inn-skin 2.44a 12269.7c 1200.4c 1636.0c 1714.2b 786.0b 

Inn-pith 2.28b 10832.0d 1124.7d 2018.9b 1867.8a 223.6c 

LSD 0.124 1118.8 73.8 149.2 98.5 58.1 

CV 10.67 15.90 11.27 15.43 10.94 21.02 

*Values with the same letter within a column are not significantly different, Lan-skin = Lanorma skin, Inn-skin = 

Innovator skin, Lan-pith = Lanorma pith, Inn-pith = Innovator pith. 

 

5.3.3 Tuber specific gravity, dry matter content and chip colour 

Across fertiliser treatments, Innovator had significantly higher SG values (1.078) than Lanorma (1.068). Tables 5.6 

and 5.7 show Innovator and Lanorma SG, DM% and chip colours. The highest SG for Innovator was recorded at 

the treatment combination of 160 kg ha-1 of both N and K. This treatment had a significantly higher SG than all 

other treatments. SG for Innovator seemed to drop as N was incremented. On the other hand, no clear trend in SG 

was observed for changes in K level. A similar trend was observed for Lanorma, with the exception that the control 

had a significantly higher SG. 

As illustrated in Figure 5.2, the SG values for Innovator were above the minimum threshold of 1.075 for processing, 

while for Lanorma, all the SG values fell below the threshold, irrespective of treatment combination. With the 
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exception of the control treatment, the highest SG values per cultivar in this study were 1.070 and 1.083 for Lanorma 

and Innovator, respectively. Based on the characterisation of cultivars according to SG by Mosley and Chase 

(1993), with the exception of the control and treatment combination of 160 N and 300 kg ha-1 K, it can be concluded 

that Lanorma falls within the range of cultivars with low SG, while Innovator falls within the category of medium SG 

cultivars. However, by keeping both N and K low (160 kg ha-1), or by increasing K to 300 kg ha-1 at low N level, the 

SG of Innovator can be propelled to become a higher SG category cultivar.  

 

Table 5.6: Tuber SG, DM% and chip colour per fertiliser treatment for Innovator  

Treatment N:K ratio SG DM% Chip colour 

N 160 K 160 1 1.083  a 21.03 ab 54.6 bcd 

N 160 K 230 0.70 1.079 bcd 21.07 ab 52.4 e 

N 160 K 300 0.53 1.081 bc 21.10 a 57.5 a 

N 230 K 160 1.44 1.077 de 20.17 c 53.3 cde 

N 230 K 230 1 1.078 cde 20.26 bc 55.9 ab 

N 230 K 300 0.77 1.080 bc 20.30 abc 54.9 bc 

N 300 K 160 1.88 1.079 bcd 20.20 c 54.8 bc 

N 300 K 230 1.30 1.074 f 20.03 c 53.0 de 

N 300 K 300 1 1.076 ef 20.13 c 55.0 cde 

N 160 only - 1.078 cde 20.01 c 53.3 cde 

LSD  0.002 0.83 1.80 

CV  0.109 2.38 1.95 

*Values with the same letter within a column are not significantly different. 

 

Table 5.7: Tuber SG, DM% and chip colour per fertiliser treatment for Lanorma  

Treatment N:K ratio SG DM% Chip colour 

N 160 K 160 1 1.069 b 17.53 b 54.5 bcd 

N 160 K 230 0.70 1.068 cb 17.36 cb 55.6 bc 

N 160 K 300 0.53 1.070 b 18.00 a 58.6 a 

N 230 K 160 1.44 1.067cd 17.40cb 54.2 cd 

N 230 K 230 1 1.067 cd 17.30cb 54.2 cd 

N 230 K 300 0.77 1.065 e 17.00 c 53.4 de 

N 300 K 160 1.88 1.066 de  17.20 cb 55.4 bcd 

N 300 K 230 1.30 1.066 de 17.20 cb 54.2 cd 

N 300 K 300 1 1.067 cd 17.43 cb 56.5 ab 

N 160 only - 1.072 a   18.11 a 52. e 

LSD  0.0018 0.46 2.2 

CV  0.098 1.55 2.36 

*Values with the same letter within a column are not significantly different. 
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Figure 5.2: Characterisation of tuber SG per treatment per cultivar, according to Mosley and Chase 

(1993). Error bars represent maximum and minimum standard errors. 

 

With respect to dry matter content across fertiliser combinations (excluding control), the dry matter content of 

Lanorma was significantly lower than that of Innovator. Innovator had an average DM content of 20.48%, while 

Lanorma had 17.38%. The pattern for DM% was almost similar to that of SG for both cultivars, such that DM% 

deteriorated with increase in N level. Higher DM% for both cultivars was observed at a treatment combination of 

160 kg ha-1 and 300 kg ha-1 N and K, respectively (0.53 N:K ratio), (except for control). Within a cultivar, tuber DM% 

at final harvest was higher than the values obtained during mid-season analysis, which confirms that DM% 

increases with the maturity of tubers. Similar findings have been observed by other authors (Elfnesh et al. 2011; 

Mehta et al. 2011; Solaiman et al. 2015; Israel et al. 2016). According to the classification of Cacace et al. (1994), 

the dry matter content of Lanorma can be considered as low (< 18.0%), while Innovator can be classified as a high 

dry matter content cultivar (> 20%). It is known that there is a positive correlation between SG and DM%, and 

therefore it was not surprising to see that Innovator surpassed Lanorma, both with SG and DM%.  

Figure 5.3 illustrates the suitability of both cultivars for processing per fertiliser treatment, according to the guidelines 

of NIVA (2002). Based on this criterion, Innovator had a higher DM% (above 20%) across all fertiliser treatments, 

and this rendered it suitable for French fries. A treatment combination of 160 and 300 kg ha-1 for N and K, 

respectively, resulted in the highest DM content. Lanorma’s peak value for DM content was 18%, and for Innovator, 

it was 21%. According to NIVA (2002), a minimum of 21% DM content is needed for the flake industry. It follows, 

then, that Innovator can also qualify for the processing industry at treatments with the lowest N level across three 

levels of K, because of the higher DM content (21%) in those treatments. The results of this study are contrary to 

the findings of Kavvadias et al. (2012), who reported an increase in DM content with an increase in N application. 

They reported the highest DM content at the highest application of N (660 kg ha-1), and a decrease in DM content 

with an increase in K application. On the other hand, the findings of this study are similar to those of Zelalem et al. 

(2009) and Zewide et al. (2016), who observed a decrease in DM% with an increase in N. It is, therefore, important 

to keep N low (160 kg ha-1) for Innovator if the desired end use is the processing industry. It is surprising that the 

control treatment (T10), which also had 160 kg ha-1 N, did not fit this criterion; this could suggest that K also plays 

a positive role in increasing the dry matter content of the tubers.  
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It can also be clearly seen that both cultivars, across all treatments, were not suitable for chip (crisp) making, as 

their dry matter contents were below the minimum level required for chip processing of 22%. Lanorma is neither 

eligible for processing for chips nor French fries due to its low dry matter content, which makes it waxy rather than 

mealy. It has been documented that tubers which exhibit such a low dry matter content are more suitable for boiling 

(Ngobese et al. 2017). A study has been conducted in South Africa that compared the dry matter content of 8 

cultivars, namely Electra, Fianna, Innovator, Mondial, Navigator, Panamera, Savanna and Sifra, and it was 

observed that Innovator had the second highest dry matter content of 21%, which is almost similar to the results of 

the present study. Nassar et al. (2012) also found results that were similar to the findings of this study regarding 

the DM% of Innovator.  

In the present study, no significant differences were found between the two cultivars when it comes to chip colours. 

Across fertiliser treatments (control excluded), the average chip score for Lanorma was 55.2, and for Innovator it 

was 54.5. Figure 5.4 shows the chip colour scores for both cultivars per treatment. The highest chip scores were 

58.6 and 57.5 for Lanorma and Innovator, respectively, and these values were significantly higher than most values 

of other treatments (Tables 5.6 and 5.7). These peak values were observed at the treatment combination of 160 N 

kg ha-1 and 300 K kg ha-1, which suggests that such an N:K ratio (0.53) resulted in the lowest reducing sugar content 

in the tuber, which retarded the Maillard reaction. The treatment combination of 160 N and 300 kg ha-1 K resulted 

in lower N content in the pith, compared with other treatments, which may have suppressed the Maillard reaction.  

According to Solaiman et al. (2015), a chip colour score of more than 50 is considered to be acceptable. It can be 

deduced from the chip colour scores that both cultivars have acceptable chip colours for processing. For both 

cultivars, their chip colour scores dropped in the absence of K (control treatment), implying that K level plays a role 

in improving chip colour. Given the fact that reducing sugars are known to be associated with the dark colouring of 

the chips, it can be concluded that both cultivars, because of their acceptable chip colour, had low reducing sugars. 

 

 

Figure 5.3: Characterisation of tubers based on dry matter content for end use, according to NIVA (2002). 

Error bars represent LSD. *Min- Minimum DM content suitable for chip industry, Min- french fries = minimum 

DM content acceptable for french fries, Max-french fries & chips = maximum DM content acceptable for french 

fries & chips, Min-flake industry = minimum DM content acceptable for flake industry. 
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Figure 5.4: Chip colour score per treatment per cultivar (vertical bars represent LSD)  

 

The general influence of N and K on SG, DM% and chip colour was also documented across K levels per level of 

N, and across levels of N per level of K. This is shown in Tables 5.8 and 5.9 for Innovator and Lanorma, respectively. 

For both cultivars, no significant variation in DM was recorded with an increase in K, while with respect to N, 

Innovator showed a significant decrease in DM content at 230 and 300 kg ha-1 N when compared with 160 kg ha-

1. Kavvadias et al. (2012) noted a significant decrease in DM content with an increase in K application, and this 

was more pronounced at higher N levels. Srikumar and Ockerman (1990) stated that an increase in DM content 

that is observed with an increase in N is due to an increase in amino acids. With respect to the results of the current 

study, Lanorma showed a slight decrease in DM content with an increase in N application. A significant chip colour 

improvement was observed when K was applied at 300 kg ha-1 for both cultivars. No clear trend was observed 

between K and SG, while a significantly higher SG was achieved at the lowest N level, which is contrary to the 

findings of Sun et al. (2017), who observed an increase in SG with increase in N application. 

K seems to play a major role in improving chip colour, since its highest level resulted in lighter chip colours. The 

control experiment attests that K application improved chip colour since the lowest scores recorded for both cultivars 

was at the control treatment (treatment without K application). It seems that tuber K and N contents can determine 

the final outcome of a chip colour. As observed earlier, control experiments proved to have higher N contents in 

tubers than in other treatments, and at the same time, the treatment of 160 N and 300 kg ha-1 K resulted in lower 

N content in the pith for both cultivars. The chip colour score corresponding to 160 N and 300 kg ha-1 K thus 

represented the highest value of all treatments. It can be deduced from this that increasing K application could 

result in less N accumulated in the tubers; and therefore, apart from K being known to improve chip colour by 

reducing the reducing sugar content (Moinuddin and Umar 2004), it seems that K could also improve chip colour 

by limiting N content in the tuber. The results of this study confirm what has been reported previously by Hayes and 

Thill (2002) and Khan et al. (2012), to the effect that limiting reducing sugars or protein content in tubers could 

result in lighter chips.  
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Table 5.8: Tuber dry matter content (%), chip colour score and SG at each level of N for Innovator across 

three levels of K and at each level of K across three levels of N 

Application 

level 

…………………..N…………………... ………………...K……………………. 

(kg ha-1) DM Colour  SG DM Colour  SG 

160 21.07a 54.86a 1.081a 20.45a 54.86b 1.079a 

230 20.24b 54.71ba 1.078b 20.46a 53.77b 1.076b 

300 20.12b 53.96b 1.076c 20.51a 55.51a 1.079a 

LSD 0.5561 0.7698 0.0007 0.5643 1.0701 0.0009 

CV 2.69 1.91 0.079 2.69 1.91 0.079 

*Means across K levels in columns under N, means across N levels in columns under K. 

 

 

Table 5.9: Tuber dry matter content (%), chip colour score and SG at each level of N for Lanorma across 

three levels of K and at each level of K across three levels of N 

Application ……….………..N…………………….. ………..……….K…………………… 

kg ha-1 DM Colour  SG DM Colour  SG 

160 17.63a 56.24a 1.069a 17.38a 54.70b 1.068a 

230 17.28a 55.37a 1.066b 17.29a 54.68b 1.067a 

300 17.20a 53.92a 1.066b 17.48a 56.16a 1.067a 

LSD 0.4122 2.7142 0.001 0.2502 1.143 0.0012 

CV 1.40 2.02 0.11 1.40 2.02 0.11 

*Means across K levels in columns under N, means across N levels in columns under K. 

 

When it comes to tuber mass loss, the treatments showed a decline in tuber mass loss after 2 months of storage, 

with no variation between the two cultivars. Mass loss percentage was around 6% at 160 and 230 kg ha-1 N across 

all levels of K, and increased to around 9% at 300 kg ha-1 N across all levels of K. Tuber size could have had an 

influence on tuber mass loss, since treatments with high N content resulted in large tubers, compared with those 

with lower N content. The control treatment (zero K) had a considerable number of rotten tubers and it therefore 

gave a higher mass loss percentage of 15% for both cultivars. Shunka et al. (2017) observed higher weight loss 

and disease occurrence for tubers produced without K, as compared with tubers planted with K. This is analogous 

to the observations of Moinuddin and Umar (2004), who reported an increase in tuber mass loss with a decrease 

in K level after 4 weeks of storage. However, incrementing K above 160 kg ha-1 did not have a further positive 

influence on tuber mass loss. These results therefore confirm that K indeed extends shelf life and also improves 

the storage quality of tubers (Martin-Prevel 1989; Perrenoud 1993). 
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Figure 5.5: Tuber mass loss for Innovator and Lanorma after 8 weeks of storage. Bars represent LSD. 

 

Tubers were examined for disorders (malformation, hollow heart and vascular discolouration) during growth 

analyses, as well as when tubers were sampled for nutrient analyses. Neither of the cultivars exhibited any internal 

disorders. Lanorma, moreover, did not have external disorders. On the other hand, Innovator showed incidences 

of malformation in the large size tubers (Figure 5.6). Therefore, fertiliser combinations which resulted in higher 

proportions of large tubers also resulted in higher incidences of malformation of tubers for Innovator.  

 

 

Figure 5.6: Innovator exhibited malformation of large tubers at high N levels 
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5.4  Conclusions  

From the results of this study, it can be concluded that cultivars vary in nutrient contents and that nutrient contents 

vary between different tuber tissues. Most nutrients seem to be more concentrated in the skin than in the pith, 

particularly N and K. Tuber N content tended to decrease with an increase in K application level. Tuber K content 

slightly increased with an increase in K level. Tuber K content also increased with an increase in N level, which can 

probably be attributed to the longer growth duration associated with higher N rates. 

Based on three tuber quality attributes, namely SG, DM content and chip colour, Innovator proved to be the most 

suitable for processing due to its higher SG, DM content, and acceptable chip colour. Lanorma is better suited to 

table use due to its lower SG and DM content. However, by manipulating nutrient combinations, the SG of Lanorma 

can be increased to about 1.070, which can be considered suitable for processing, since other authors such as 

Solaiman et al. (2015) have stated that a minimum SG value of 1.070 is suitable for French fry processing. N:K 

ratios did not have a clear effect on tuber quality attributes, although an N:K ratio of 0.53 seemed to have a positive 

influence on SG, DM content and chip colour. An increase in N level generally tended to negatively affect DM 

content, SG and chip colour. K mainly had an influence on chip colour, such that the highest K level resulted in 

significantly lighter chips. It can also be concluded that tuber mass loss increased with an increase in N application. 
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Chapter 6 

 

GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 
 

This study examined the effects of different levels of N and K and their corresponding ratios on the yields and tuber 

quality attributes of two newer potato cultivars (Innovator and Lanorma) under South African conditions. The study 

also examined N and K use efficiency and responsiveness, growth patterns and days to maturity of the two cultivars. 

In conclusion, N:K ratios proved to play a leading role in yield, such that N:K ratios ranging between 0.62 to 1.0 had 

a tendency for producing higher yields, as compared with ratios above 1.0, for both the pot and field trials. However, 

this interaction effect mainly stands when none of the two nutrients is deficient (at very low levels). The two cultivars 

varied in yield, with Lanorma having a significantly lower yield than Innovator in the pot trial, which was opposite 

for the field trial. The lower yield for Lanorma in the pot trial, although it matured later than Innovator, could be due 

to the timing of N application. Later-maturing cultivars tend to benefit more when N application is split into more 

than one dressing. In this case, all the N was applied at once, which probably limited the Lanorma yield. Tuber size 

produced in the pot trial was generally small, irrespective of treatment combinations. 

In the field trial, the highest N level of 300 kg ha-1 resulted in the highest yield and a larger proportion of large-size 

tubers for both cultivars. However, the latter may not necessarily be desirable for Innovator, as the large-size tubers 

had higher incidences of malformed tubers, which may not be marketable. Therefore, 230 kg ha-1 N is proposed as 

the optimum level for the production of both Innovator and Lanorma for the specific soil type and region, since 

better yields and fewer incidences of malformed tubers were obtained for Innovator, in comparison with the N level 

of 300.kg ha-1. If fewer incidences of malformed tubers are desired for Innovator, N would have to be applied at 

lower levels than 230 kg ha-1, although this would have a negative impact on yield. 

Potassium (K) proved to have an influence on the yield when it is incremented from 160 up to 230 kg ha-1 at 230 kg 

ha-1 N, while a K application level beyond 230 kg ha-1 did not have any influence on the yield at this level of N. In 

addition, a K level of 300 kg ha-1 resulted in a substantially higher K content in the tubers than K at 230 kg ha-1. It 

follows, therefore, that the application of K above 230 kg ha-1 would result in a phenomenon known as luxury 

absorption of K by these cultivars (Hommels et al. 1989). This luxury absorption occurs when an element is applied 

above its optimal level, which does not result in further yield increase and yet its uptake keeps increasing. This 

behaviour observed in this study concurred with that reported by Karam et al. (2009), who observed the same 

pattern in potatoes with respect to K. For the specific conditions of this trial, a K level of 230 kg ha-1, therefore, gave 

the optimal combination of best tuber yield and quality.  

The intended end-use purpose of tubers is another important aspect that should be taken into consideration when 

applying fertiliser resources. This study indicated that fertiliser combinations influenced tuber quality for both 

cultivars. In both the pot and field trials, SG also proved to be influenced by N:K ratio. N:K ratios of not greater than 

one resulted in better SG values than most of the higher N:K ratios. In the field trial, the best chip colour, better SG 

and higher DM contents were obtained at the lowest N:K ratio. High quality tubers were thus obtained at 160 kg ha-

1 N and 300 kg ha-1 K (N:K ratio of 0.53) for both cultivars. Generally, the SG and DM content of the two cultivars 

varied substantially, such that average SG and DM content values for Innovator were above 1.075 and 20%, 

respectively, which are the minimum threshold levels for processing. The SG and DM content values for Lanorma 

were lower than the minimum thresholds for processing. The optimal level of N (230 kg ha-1) recommended for 

optimal yield resulted in DM contents of 20% for Innovator, which rendered it suitable for French fries.  
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In examining the relationship between the SG and DM content, the results of this study are contrary to the findings 

of Steyn et al. (2009) and Elfnesh et al. (2011), who documented that higher SG and higher tuber DM contents are 

associated with late-maturing cultivars. In this study, Innovator matured earlier than Lanorma, and yet Innovator 

had the higher SG and DM content. This means that genetic makeup also plays a leading role in influencing the 

SG and DM content of cultivars. 

When it comes to chip colour, both cultivars had acceptable chip colour scores needed for processing. A fertiliser 

combination of N 160 and K 300 kg ha-1 (N:K ratio 0.53) proved to give the highest chip colour scores of around 57 

and 58 for Innovator and Lanorma, respectively. With regard to processing as the key end use, this fertiliser 

combination can therefore be used for Innovator if the priority is to improve colour for processing. It is, therefore, 

imperative that the pros and cons are carefully weighed up before applying fertilisers to these two cultivars, taking 

into consideration the intended end use, production cost, and the environmental impact associated with fertiliser 

application.  

NUE decreased with the increase in N level, but it seemed to improve with an increase in K level at a specific N 

level. KUE also showed a decrease with K increase, and improved with an increase in N level at a specific K level. 

The two cultivars responded differently under limited K resources. Innovator significantly surpassed Lanorma in 

yield under limited K resources (0 kg ha-1 K applied). This implies that Innovator can take precedence over Lanorma 

in cases where K resources are limited. Lanorma, on the other hand, is more responsive to K application than 

Innovator, and it surpassed Innovator in yield when K was applied at 160 kg ha-1. This implies that Lanorma would 

be preferred over Innovator in conditions where K is not limited. 

In the classification of these cultivars based on days to maturity, Innovator can be classified as an early maturing 

cultivar, while Lanorma can be regarded as a mid-season maturing cultivar. However, higher levels of N can 

effectively delay Lanorma’s maturity, thus propelling the cultivar to becoming a late-maturing cultivar. Lanorma’s 

senescence at higher N level was quite slow, compared with Innovator, and its growing season can be substantially 

prolonged at higher N level. In regions like Pretoria, where winter can negatively affect natural senescence, it is not 

advisable to plant Lanorma in autumn, since it takes more days to mature and winter may negatively affect 

productivity. However, if the planting of Lanorma in autumn is unavoidable, then N should be kept low so that the 

growth cycle could occur unimpaired for natural senescence to occur earlier, before winter starts. For Innovator, 

autumn planting can be feasible, since it is an early maturing cultivar. In planting Innovator, care must be taken to 

manage its tuber initiation, as the cultivar seems to initiate tubers high above the mother tuber. This leads to the 

bearing of tubers close to the soil surface, and therefore proper ridging to keep tubers covered is important. 

Lanorma, on the other hand, initiates tubers deeper in the soil, and hence there is no challenge of tubers appearing 

on the soil surface. 

The low yields obtained in the pot trial could be attributed to the confinement of roots in the pots, which leads to 

limited nutrient exploration. Nutrient application for the pot trial was all done at planting, while in the field trial, N 

was split into two equal portions, one at planting and the remainder at two weeks after emergence. The pot trial 

could, therefore, have been subjected to leaching of both nutrients, in particular N. As was observed by Sun et al. 

(2012), the splitting of N application into portions that were applied at different periods of development proved to 

be more effective (regarding yield) than the application of all N at once. Different yield responses between a pot 

trial and a field trial have also been reported previously by Kang et al. (2014). They observed an increase in tuber 

yield with an increase in K level in a pot trial, while there was no yield response in the field trial.  
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