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A superior clonal rooting system not only supports orchard uniformity, it also ensures 

maximum utilization of the tree’s genetic potential. The correct clonal rootstock combination 

optimises the production potential of the scion. Of the third-generation clonal rootstocks ‘Dusa’ 

grafted to ‘Hass’ and ‘Maluma’ is reported to perform well especially on virgin soils. However, 

‘Bounty’ grafted to ‘Maluma’ is indicated to be the best performing rootstock for marginal 

soils and replant sites. A new generation clonal rootstock not only has to be better than the 

current available clonal rootstocks but also have to support and enhance the genetically 

entrenched horticultural traits of the scion cultivar. Genetic shortcomings of a scion cannot be 

corrected through rootstock choices. As ‘Maluma’ possesses certain superior horticultural and 

marketing attributes over other cultivars, its use as the standard in future rootstock research is 

justified. An extensive trial, where ‘Maluma’ was grafted to 28 different clonal rootstocks, was 

planted at Allesbeste during December 2015 in a randomised block design. The plant density 

is 1250 trees/ha (4m x 2m). Apart from ‘Dusa’, ‘Bounty’ and ‘Duke 7’, Allesbeste’s own 

selections, the R0-Westfalia & SAAGA rootstocks as well as some promising national and 

international rootstocks were included. During the second harvest (28 months after planting), 

Allesbeste’s rootstocks AK1, AK3, AK13 and AK15 outperformed all rootstocks on efficient 

yield (kg/m³ tree volume), including the present commercial rootstocks, while ‘Bounty’ 

outperformed both ‘Duke 7’ and ‘Dusa’. Of the four Allesbeste rootstocks, AK1, AK3 and 

AK15 show clear dwarfing properties. In an on-going search for a superior highly productive 

clonal rootstock a follow up trial at an even larger scale (± 65 different rootstocks) is in 

planning. ‘Maluma’ will be grafted to the most promising of the above 28 clonal rootstocks 

together with other promising national and international rootstocks. This trial will be planted 

at a density of 1250 trees/ha (4m x 2m) during 2019. 
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Resumen 

 

Palabras clave: potencial genético del árbol, combinación de un portainjerto clonal, la densidad, 
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Un sistema de raíces clonales superiores no solo respalda la uniformidad del huerto, sino que 

también garantiza la máxima utilización del potencial genético del árbol. La corrcta 



combinación de un portainjerto clonal optimiza el potencial de producción de la copa. De la 

tercera generación de portainjertos clonales, se informa que ‘Dusa’ injertada con ‘Hass’ y 

‘Maluma’ se desempeña bien, especialmente en suelos vírgenes. Sin embargo, ‘Bounty’ 

injertado con ‘Maluma’ está indicado como el portainjerto de mejor rendimiento para suelos 

marginales y lugares de replantación. Un portainjerto clonal de nueva generación no solo tiene 

que ser mejor que los portainjertos clonales disponibles en la actualidad, sino que también debe 

respaldar y mejorar las características hortícolas genéticamente arraigadas del cultivar 

injertado. Las deficiencias genéticas de una copa no se pueden corregir a través de elecciones 

de portainjertos. Como ‘Maluma’ posee ciertos atributos hortícolas y de comercialización 

superiores a otros cultivares, su uso como estándar en futuras investigaciones de portainjertos 

está justificado. Un ensayo extenso, donde ‘Maluma’ se injertó a 28 portainjertos clonales 

diferentes, se plantó en Allesbeste en diciembre de 2015 en un diseño de bloques al azar. La 

densidad de la plantación es de 1250 árboles / ha (4m x 2m). Además de ‘Dusa’, ‘Bounty’ y 

‘Duke 7’, se incluyeron las selecciones propias de Allesbeste, los portainjertos 'R0-Westfalia' 

y 'SAAGA', así como algunos portainjertos nacionales e internacionales prometedores. Durante 

la segunda cosecha (28 meses después de la plantación), los portainjertos ‘AK1’, ‘AK3’, 

‘AK13’ y ‘AK15’ de Allesbeste superaron a todos los portainjertos en rendimiento eficiente 

(kg/m³ de volumen de árbol), incluidos los portainjertos comerciales actuales, mientras que 

‘Bounty’ superó a ‘Duke 7’ y ‘Dusa’. De los cuatro portainjertos de Allesbeste, ‘AK1’, ‘AK3’ 

y ‘AK15’ muestran claras características de enanismo. En una búsqueda continua de un 

portainjerto clonal superior y altamente productivo, se está planificando un seguimiento a una 

escala aún mayor (± 65 portainjertos diferentes). ‘Maluma’ será injertado en el más prometedor 

de los 28 portainjertos clonales junto con otros portainjertos nacionales e internacionales 

prometedores. Este ensayo se plantará a una densidad de 1250 árboles / ha (4m x 2m) durante 

2019. 

 

Introduction 

 

A superior clonal rooting system, as reported by De Villiers & Ernst (2007), not only resulted 

in uniformity in the orchard but ensures maximum utilization of the tree’s genetic potential. 

Due to the genetic variability in seedling plants, clonal propagation of avocados is the only way 

to conserve and utilize certain outstanding tree properties like precocity and production 

(Hartman & Kester, 1997). Enough evidence exists that tree uniformity observed in the field 

directly relates to the rooting technique used in the nursery. Improving the clonal root system 

in the nursery will undoubtedly have a positive effect on tree performance in the field. 

Difficulty to root clonally may however result in the discontinuing of potentially superior 

rootstocks, such as ‘Velvick’, in further clonal rootstock research (De Villiers & Ernst, 2007).  

 

Through a study conducted by De Villiers & Ernst (2015) it has been concluded that ‘Hass’ on 

clonal rootstocks outperforms ‘Hass’ on seedling rootstocks. This supports the remark of 

Wolstenholme (1988) that clonal avocado rootstocks are the rootstocks of the future.  

According to evaluations of De Villiers & Ernst (2015) it was evident that the production 

potential of the scion would be optimised by the correct clonal rootstock-scion combination. 

 

Of the third-generation clonal rootstocks ‘Dusa’ grafted with ‘Hass’ and ‘Maluma’ is still the 

best combination, especially on virgin soils (De Villiers & Ernst, 2015). According to Retief 

(2011) ‘Dusa’ accounted for 50% of the nursery sales of the South African Avocado 

Nurserymen’s Association member-nurseries during 2009-2010 and continues to gain 

popularity. Initial results however indicated the ‘Bounty’ rootstock grafted to ‘Maluma’ to be 

the best performing rootstock for marginal soils and replant sites (De Villiers & Ernst, 2015). 



‘Bounty’ (Retief, 2011) is the third most popular clonal rootstock after ‘Dusa’ and ‘Duke 7’ in 

South Africa. ‘Bounty’ grafted with ‘Maluma’ outperforms ‘Duke 7’ (De Villiers & Ernst, 

2015). 

 

De Villiers & Ernst (2015) concluded that for new generation clonal rootstocks to perform 

better than the currently available clonal rootstocks it must support and enhance the expression 

of the genetically entrenched horticultural properties of the scion cultivar. The findings of this 

study also emphasised that the genetical shortcomings of a scion cultivar cannot be corrected 

or rectified by the rootstock. As the two imperfections of ‘Hass’ namely fruit size and low 

productivity could not substantially be improvement through the using of different clonal 

rootstocks, the use of the new generation scion cultivar ‘Maluma’ was suggested (emphasised) 

for further rootstock research.  As ‘Maluma’ possesses certain horticultural and marketing 

attributes superior to ‘Hass’ and since ‘Maluma’ is already accepted by the market as a 

commercial cultivar, it in practice justifies to in favour of ‘Maluma’, discontinue the using of 

‘Hass’ as the standard in future rootstock research. 

The purpose of this study was therefore to evaluate the horticultural performance of ‘Maluma’ 

grafted to the industry clonal rootstock standard, ‘Dusa’, ‘Bounty’, Duke7 as well to various 

other rootstocks such as Allesbeste nursery’s own selections together with some promising 

national and international rootstocks and selections. The objective of the study would be to 

compare the production potential of 28 different clonal rootstocks grafted to ‘Maluma’ in a 

search to finding the most precocious and productive clonal rootstock suitable for ultra-high-

density trellis plantings of ‘Maluma’ 

 

Materials and methods 

 

An ultra-high-density rootstock trial was planted during December 2015 at Allesbeste Farm, 

Tzaneen, South Africa. The trees were planted on a ridge, 600 – 800 mm high. A low flow (1 

mm / hour) 500 mm apart inline Netafim dripper system was installed, two lines per plant row. 

The trial layout was a randomised block design and consisted of the following: 

 Plant density: 1250 trees/ha (4m x 2m). 

 28 clonal rootstocks: 
o ‘Dusa’, ‘Bounty’ & ‘Duke 7’. 

o 10 of Allesbeste nursery’s own AK selections. 

o Promising national and international rootstocks and selections. 

 6 treatments per rootstock. 

 7 repetitions per rootstock. 

 Total trial trees = 1176 

 Data collection: annually during March. 

 Tree height and width are maintained at 3,2 m and 2 m respectively. 

 Final tree volume to be maintained at 10m³.   

 Two rows of guard trees were planted on the sides (boundary) of the block to reduce 

variability. 

 

Delays during the propagation of the rootstock selections R0.05, R0.06, R0.07, R0.16, R0.17, 

R0.18, TC and TANZ resulted in the planting thereof 6 months later than the others. The first 
crop therefore coincided with the second crop of the other rootstocks. Due to the propagation 

difficulties experienced with Torre Canyon (TC) and the subsequent failure to successfully 

establish it in the field it was excluded from the statistical analysis. 



The data was statistically analysed with the One-way Analysis of Variance (ANOVA) together 

with the Tukey test for multiple comparison analysis. The computer software package Minitab 

19 was used to conduct the analysis. For analysis purposes the rootstocks were divided into 

different production groups as indicated under the following yield expressions: 

 

 Actual yield (kg/tree): 15,1 – 16; 14,1 – 15; 13,1 – 14; 12,1 – 13; 11,1 – 12; 10,1 - 11; 
9,1 – 10; 8,1 – 9; 7,1 – 8; 6,1 – 7; 5,1 – 6 and 4,1 – 5 kg/tree. 

 Yield efficiency (kg/m³): 3,51 – 3,7; 3,31 – 3,5; 3,11 – 3,3; 2,91 – 3,1; 2,71 – 2,9; 2,51 

– 2,7; 2,31 – 2,5; 2,11 – 2,3; 1,91 – 2,1; 1,71 – 1,9 and 1,51 – 1,7 kg/m³.   

 Cumulative yield (kg/tree): 28,1 – 30; 26,1 – 28; 24,1 – 26, 22,1 – 24; 20,1 – 22; 18,1 
– 20, 16,1 – 18; 14,1 – 16; 12,1 – 14 and 10,1 – 12 kg/tree. 

 Extrapolated cumulative yield efficiency (kg/ha) (x1000): 101 – 110; 91 – 100; 81 – 
90; 71 – 80; 61 – 70; 51 - 60; 41 – 50 and 31 – 40. 

 Average yield efficiency extrapolated (kg/ha) (x1000): 32,1 – 34; 30,1 – 32; 28,1 – 
30; 26,1 – 28; 24,1 – 26; 22,1 – 24; 20,1 – 22; 18,1 – 20 and 16,1 – 18. 

 

The null hypothesis was that no statistical difference in production exist between different 

clonal rootstocks grafted to ‘Maluma’. Yield efficiency is fruit production in relation to tree 

volume.  

 

Results  

 

During the reporting period 3 (three) consecutive crops were harvested (March 2017, 2018 and 

2019). The first harvest was 16 months after planting with kg/tree yields of ‘Bounty’ (BOU) = 

2,3, ‘Duke 7’ (D7) = 2,5, ‘Dusa’ (DU) = 2,7, AK3 = 3,3, AK1 = 3,8, BW78 = 4, AK15 = 4,1, 

AK13 = 5,4  and AK2 = 5,7  kilograms.  This equates to an extrapolated production of 2 814, 

3 064, 3 384, 4 168, 4 738, 4 952, 5 094, 6 769 and 7 125 kilograms per hectare respectively 

for ‘Bounty’, ‘Duke 7’, ‘Dusa’, AK3, AK1, BW78, AK15, AK13 and AK2.   

                                                                                                                                                                                                                                                                                                                                                                                     

 

Figure 1. The actual ‘Maluma’ yield (kg) per tree per rootstock selection harvested during 

2019, 40 months (3,3 years) after planting. 



Different letter types as indicated in the graphs confirms the existence of statistically significant 

differences in production (yield) between those rootstocks with different letter types.   

 

As illustrated in Figure 1 the highest actual yield per tree for the 2019 season, in the order of 

15,8 kg (around 20 000 kg/ha equivalent), was with ‘Maluma’ grafted to the four rootstock 

selections BW78, AK7, ‘Zutano’ (ZUT) and AK10, which was statistically significantly higher 

(P-value < 0,001) than the conventional rootstocks ‘Dusa’ (DU), ‘Duke 7’ (D7) and ‘Bounty’ 

(BOU). In comparison with the other selections the difference between the actual yield (kg) 

per tree (Figure 1) and the efficient yield per tree volume (kg/m³) (Figure 2) of the rootstock 

selections AK1, AK3 and AK15 is clearly noticeable. The higher ranking on efficient yield of 

these rootstock selections in relation to others confirms the bearing of more fruit for a given 

tree volume, typically a dwarfing trait. For instance, on actual yield the rootstock selection 

AK15 was ranked 15th highest while on yield efficiency it was ranked 5th highest. The yield 

efficiency of ‘Maluma’ grafted to A10 and ‘Zutano’ for the 3rd crop (2019) was respectively 

2,2 and 2,9 kg/m³.  

 

 

Figure 2. The yield efficiency (kg) of ‘Maluma’ per tree per rootstock selection harvested 

during 2019, 40 months (3,3 years) after planting. 

 

In Figure 3 the efficient yield (kg) per tree for the different rootstocks as per Figure 2 are 

extrapolated to anticipate the volumetric yield (efficiency) on a per hectare basis. According to 

Figure 3 the highest efficient (volumetric) production with the 3rd crop, 3,3 years after planting, 

extrapolated per hectare was achieved during the 2019 season with the rootstock selections 

AK13 and TANZ. The extrapolated (anticipated) production for AK13 and TANZ are 

respectively 44 250 and 46 750 kilogram per hectare which was statistically significantly higher 

(P-value < 0,001) than the production on the industry standard rootstocks (conventional) 

‘Dusa’ (39 125 kg), ‘Duke 7’ (36 625 kg) and ‘Bounty’ (26 500 kg). No statistically 

significantly difference exists between the ‘Dusa’ (DU) and ‘Duke 7’ (D7) rootstocks while 

both are statistically different to the ‘Bounty’ (BOU) rootstock at a significant level (P-value < 

0,001). 

 



 

Figure 3. The per hectare extrapolated yield efficiency (kg) of ‘Maluma’ per tree per rootstock 

selection harvested during 2019, 40 months (3,3 years) after planting. 

 

 

 

Figure 4. The cumulative actual yield (kg) of ‘Maluma’ per tree per rootstock selection for 

three consecutive crops harvested between 2017 and 2019, 40 months (3,3 years) after planting. 

 

 

Figure 4 illustrates among others the cumulative actual yield per tree for the harvesting period 

2017, 2018 and 2019 of ‘Maluma’ grafted to the rootstock selections BW78 (29,6 kg), AK13 

(26,9 kg) and AK2 (24,2 kg), which were significantly (statistically) higher (P-value < 0,05) 

than the industry standard ‘Dusa’ (23,5 kg), ‘Duke 7’ (20,5 kg) and ‘Bounty’ (19,8 kg). A 

statistically significantly difference (P-value < 0,05) in actual yield per tree was visible between 



the three conventional clonal rootstocks mentioned. It needs to be noted that the actual tree 

yield for the mentioned dwarfing rootstocks AK15, AK1 and AK3 were respectively 23,3, 17,7 

and 16,6 kg. The yield of AK15 was significantly (statistically) higher (P-value < 0,001) than 

that of AK1 and AK3, with no statistical difference between AK1 and AK3. When extrapolated 

to actual yield (kg) per hectare (Figure 5) the equivalent production for the abovementioned 

rootstocks was respectively 29 194, 22 061 and 20 814 kilograms cumulatively for the three 

seasons (2017 till 2019). The comparative cumulative production per hectare for the 

conventional rootstocks ‘Dusa’, ‘Duke 7’ and ‘Bounty’ was 29 278, 25 617 and 24 747 

kilograms respectively. The extrapolated cumulative actual yield (kg) per hectare of the 

rootstock selections AK2, AK13 and BW78 was 30 272, 33 559 and 36 962 kilograms, which 

was statistically significantly higher (P-value < 0,05) than the yield of the conventional 

rootstocks ‘Dusa’, ‘Duke 7’ and ‘Bounty’ 

 

 

Figure 5. The extrapolated cumulative actual yield (kg) of ‘Maluma’ per rootstock selection 

per hectare for three consecutive crops harvested between 2017 and 2019, 40 months (3,3 

years) after planting. 

 

 

In relation to the other rootstock selections the extrapolated cumulative actual yield (kg) 

(Figure 5) and the extrapolated cumulative yield efficiency (kg/m³) per hectare (Figure 6) 

noticeable differed for the rootstock selections AK1 (83 250 kg), AK3 (85 875 kg) and AK15 

(101 000 kg). Their higher ranking on efficient yield confirms the dwarfing trait of these 

rootstocks, bearing more fruit per given tree volume. For instance, on extrapolated cumulative 

actual yield per hectare the rootstock selection AK15 was ranked 11th highest while on 

extrapolated cumulative yield efficiency per hectare it was ranked 2nd highest. Similarly, and 

respectively, the rootstock selections AK1 and AK3, ranking the 18th and 21st highest on 

extrapolated cumulative actual yield per hectare, were ranked the 6th and 4th most productive 

rootstocks on extrapolated cumulative yield efficiency per hectare. On extrapolated cumulative 

actual yield per hectare the rootstock selections AK1, AK3 and AK15 outperformed the 












