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Abstract 

Kenya is the fifth largest producer of macadamia (Macadamia spp.) after Australia, Hawaii, South Africa 
and Guatemala.  Since the improvement of nut prices in the world market in 2004, there has been a 
steady rise in demand for seedlings accompanied by mushrooming of private nurseries. Propagation 
nurseries however have to combat with seedling chlorosis which is attributed to a deficiency of iron or 
magnesium. The disorder can cause substantial losses in young rootstock and grafted seedlings. In a 
project designed to resolve this serious nursery problem, one objective was to establish the scale of 
macadamia seedling chlorosis in major producing areas of Kenya. A situational analysis was carried out 
in commercial nurseries in central Kenya to capture various nursery management practices and the 
incidence of macadamia seedling chlorosis followed by descriptive analyses of the data using Statistical 
Package for Social Sciences (SPSS) 12.0. 63% of the nurseries were certified, 81% were male operated, 
and 56% of the operators had received formal training on nursery management. Half the nurseries grew 
other tree seedlings in addition to macadamia which was found in 75% of the nurseries. Kiambu 3 and 
Murang’a 20 were the preferred macadamia varieties. 56% of the nurseries used own red soil, 19% used 
virgin forest soil and 44% re-used potting media soil. Most nurseries used fertilizers (81%) and manure 
(88%) in the potting media, 88% grafted their own seedlings and 95% applied supplemental irrigation. 
88% of operators were familiar with macadamia seedling chlorosis which was cited as a persistent 
problem in 44% of the nurseries. The disorder was mostly attributed to soil reuse and pest infestation.  
Only a handful of operators (6%) related it to iron deficiency. The study confirmed that macadamia 
seedling chlorosis was a widespread and persistent problem in commercial nurseries that resulted in 
substantial loss to seedlings. 

Key words: macadamia seedling chlorosis, potting media soil, fertilizers, manure, irrigation. 

Introduction 

Kenya is the fifth largest producer of macadamia (Macadamia spp.) after Australia, Hawaii, South Africa 
and Guatemala (KARI, 2005). Popular in the confectionery industry, macadamia nuts are used for direct 
consumption as dessert in raw and roasted forms and as an ingredient in various confectionery 
products. Both shells and husks are good sources of fuel. The husk is sometimes used for mulching. The 
oil from macadamia (unsaturated and cholesterol free) is used mainly in the pharmaceutical and 
cosmetic industries while the macadamia cake, a by-product from oil extraction is used as livestock feed 
(KARI, 2005). Major producing areas are found in the Coast (Taita/Taveta), Central (Meru, Embu, 
Kirinyaga and Thika) and Rift Valley (Baringo and Koibatek).  

Good export prices for the nut 2004 initiated rapid expansion, resulting in a high demand for planting 
material, information on macadamia production technology and mushrooming of private  nurseries 
(MOA, 2003; 2006; 2007; KARI, 2005). However macadamia seedling chlorosis has been a persistent 
problem in propagation nurseries (KARI, 2005; MOA, 2003; MOA, 2004). Losses in young rootstock can 
be as high as 40-50% and in grafted seedlings, 30% (KARI, 2005). 

Macadamia seedling chlorosis is caused by a deficiency of either iron or magnesium (Marrocos et al., 
2000). Chlorosis comes in various degrees; from slightly chlorotic to severely chlorotic (Marrocos et al., 
2000; Bittenbender and Hirae, 1990; Wallace, 1959) and can cause death in grafted seedlings. Iron 
deficiency starts from new leaves owing to immobility of this element while, magnesium deficiency 
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first appears in older leaves, coinciding with greater mobility (Mengel and Kirkby, 1987; Tisdale et al., 
1985). In Kenya, macadamia chlorosis is a common problem of grafted seedlings propagated on red 
soils (KARI, 2005) and is confined to young leaves, pointing to iron deficiency. Red soils are typically 
characterized by high Fe concentrations and low soluble P owing to high Fe/P precipitation reactions 
and low organic matter contents, (Brady and Weil, 1996; Sombroek et al, 1982). Macadamia chlorosis can 
develop in seedlings receiving excessive amounts of phosphorus (Hue et al, 1988) if the recommended P 
rates in nursery potting media are in excess, hence have potential to intensify Fe/P reactions, in the 
process removing plant soluble Fe from the soil solution, which in turn can aid the development of Fe 
chlorosis.  

Available control options in Kenya include use of resistant rootstock (e.g. KMB-3) and controlled 
watering of seedlings. Previous studies however showed that chlorotic seedlings had lower Fe/P ratios 
compared to healthy ones (Kiuru, unpublished data) while foliar applications of iron sulphate (Irambu 
et al., 2003) and selection of resistant rootstock/scion combinations (Gitonga et al., 2003) met with 
minimal success. Considering the heavy losses associated with macadamia seedling chlorosis in young 
rootstock and grafted seedlings (KARI, 2005), the need to find a lasting solution for this problem 
quickly is imperative, if production for the export market is to be sustained and increased. This KARI 
project was initiated to: 1) Establish the scale of macadamia seedling chlorosis in major producing areas, 
2) Formulate soil type specific potting media recommendations and 3) Share information with 
stakeholders. This paper highlights the findings of the first objective. 

Materials and methods 

A situational analysis was carried out in 2012 in the major commercial nurseries found in Kiambu, 
Murang’a, Embu, Kirinyaga and Nyeri counties to capture nursery management practices and the 
incidence of macadamia seedling chlorosis. Sixteen (16) fruit seedling nurseries were visited and a semi-
structured questionnaire administered to operators to capture nursery management practices. The 
nursery management information captured included certification, types of tree seedlings grown, 
macadamia seedling varieties, types and sources of potting media soil, manure and fertilizer types, 
water sources and incidence of macadamia seedling chlorosis, causes and intervention measures. 
Descriptive analyses of the data were performed using the Statistical Package for Social Sciences (SPSS) 
12.0 version after cleaning the raw data.  

Results and discussion 

Characterization of macadamia nurseries and nursery operators in central Kenya 

Most (81%) of the nurseries were operated by males (Table 1), with most of the operators having 
attained secondary and tertiary level of education. The average operator age was 51 years. 56% of the 
nursery operators had received formal training in nursery management on topics such as nursery bed 
establishment, seeding, transplanting, grafting, pruning and de-suckering. 

Of the nurseries visited, 75% had macadamia seedlings and 50% grew other fruit tree seedlings as well 
(Table 2).  

Reasons given for abandoning macadamia seedling nurseries were: 

 Seedlings were drying out before maturity. 
 Seedlings were taking too long to germinate.  
 Grafted seedlings were taking too long to take off. 
 There was no market demand for macadamia seedlings due to poor and seasonal price variation of 

nuts 
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Table 1: Characteristics of macadamia nursery operators in central Kenya 

Name of nursery Name of operator Gender   Age  Education level  

Avocado Masters David Murigi Male  56 Primary 

Flamawas Not provided Female  43 Secondary 

Freshco/Farm nut/Equitorial Nelson Nyandiva  Male 52 Secondary 

Gituya Morgan Peter  Male 58 Secondary 

HDP Macadamia Not provided Female  51 Tertiary 

Juakari nursery Gabrile Nyaga  Male 63 Primary  

Jungle nuts (closed) Wainaina  Male Not provided Tertiary 

Kamiu tree nursery Silas Kariuki  Male 32 Secondary 

KARI Thika Grace Watani Female Not provided Tertiary 

Kene tree nursery Kamugane Male 63 Secondary 

Kenya Nut Paul  Male Not provided Tertiary 

Kenya Prisons Not provided Male Not provided Not provided 

Macnuts farm products Mugii Nahashon Male 45 Tertiary 

Practical Training Centre Mumo Male 66 Tertiary 

Selesio  Selesio Njeru Male 32 Secondary 

Jason  Jason Karira Male 55 Tertiary 

 

Table 2: Fruit trees found in macadamia nursery operations 

Nursery name County Any macadamia 
seedlings? 

Other fruit tree seedlings 

Avocado Masters Nyeri  No None  

Flamawas Nyeri Yes Pawpaw, passion, tree tomato 

Freshco/Farm nut/Equatorial Murang’a Yes None 

Gituya Murang’a Yes Avocado, pawpaw, passion, tree tomato, mango 

HDP Macadamia Murang’a Yes None 

Jason Embu Yes None 

Juakari nursery Embu  Yes None 

Jungle nuts Kiambu No None 

Kamiu tree nursery Embu  Yes Mango, apples, passion, strawberry, avocado, tree 
tomato, guava, loquats, grapes 

KARI Thika Murang’a Yes Mango, avocado, pawpaw, passion, strawberry, 
tree tomato, grapes 

Kene tree nursery Embu Yes Avocado, loquats, mango 

Kenya Nut Kiambu Yes None 

Kenya Prisons Kirinyaga No Tree tomato, avocado, mango, oranges, passion 

Mac nuts farm products Murang’a  No Pawpaw, passion, mango, strawberry 

Practical Training Centre Kiambu Yes Avocado, pawpaw, mango, passion 

Selesio Embu Yes None 
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Macadamia varieties  

Seventy-five percent of the nurseries had macadamia seedlings with Kiambu 3 (7 nurseries) and 
Murang’a 20 (5 nurseries) being the preferred types (Table 3).  

Table 3: Macadamia varieties found growing in commercial nurseries 

Name of nursery County Varieties 

Flamawas Nyeri Mixed-  Kiambu 3, Murang’a 20 

Freshco/Farm nut/Equitorial Murang’a Both pure and mixed- Kiambu 3, Tetraphila 

Gituya Murang’a  Pure- Kiambu 
3, Murang’a 
20, Murang’a 4 

 

HDP Macadamia Murang’a  Mixed- Kiambu 3, Kerugoya 15, Embu 1 

Jason Embu Pure- Murang’a 20, Kirinyaga 3 

Juakari nursery Embu  Pure-  Embu 3 

Kamiu tree nursery Embu  Pure- Murang’a 20, Embu 1, Kirinyaga 3 

KARI-Thika Murang’a Mixed- Kiambu 3 

Kene tree nursery Embu Pure- Murang’a 1, Murang’a 20 

Kenya Nut Kiambu Both- Kiambu 3 

Practical Training Centre Kiambu Mixed- Kiambu 3 

Selesio Embu Tetraphila 

 

Potting media soil, watering regime and grafting practice in macadamia nurseries 

Nurseries using own red soil in the potting media were 56%, 19% used virgin forest soil and 44% re-
used potting media soil citing cost cutting and waste avoidance as their reasons. Those who did not 
reuse potting media soil cited avoidance of the spread of diseases and abundance of fresh soil as their 
reasons (Table 4). Most nurseries (88%) grafted their own seedlings and applied irrigation (95%) from 
various sources including stream water, piped water, dam water and borehole (Table 4).  

Table 4: Potting media soil sources and irrigation 

Nursery Type 
of soil 

Source of potting 
media soil 

Source of 
water 

Frequency of 
watering/week 

Re-use soil in 
potting media? 

Flamawas Red Own farm Rain  Daily Yes 

Freshco/Farm nut/Equitorial Red Own farm Borehole Thrice No 

Gituya Red Own farm Stream  Twice No 

HDP Macadamia Virgin Forest  Stream  Thrice No 

Jason Loam Own farm Stream  Thrice No 

Juakari nursery Loam  Own farm Piped Thrice Yes 

Jungle nuts Virgin Forest Piped Daily Yes 

Kamiu tree nursery Loam Own farm Stream  Twice Yes 

KARI Thika Red Forest Piped Thrice No 

Kene tree nursery Red Own farm Piped Thrice No 

Kenya Nut Red Own farm Dam Twice Yes 

Macnuts farm products Red Own farm Stream Twice Yes 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

5 

Practical Training Centre Red Own farm Stream  Twice Yes 

Selesio Red Own farm Stream  Thrice No 

 

 

Fertilizer and manure application 

Fourteen out of 16 nurseries (88%) applied manure in the potting media mix. The most frequently used 
manure type was farmyard manure of which 12 out of the 16 nurseries (75%) were found using. Only 
two nurseries applied compost instead. Those who did not apply said that avoidance of manure 
application to prevent the yellowing of leaves. Thirteen of the 16 nurseries (81%) used fertilizers 
regularly. The fertilizer types used included nitrogen based fertilizers such as calcium ammonium 
nitrate (26:0:0), and urea (45:0:0); phosphate fertilizers like triple superphosphate (0:46:0); and 
compound fertilizers such as di-ammonium phosphate (18:46:0), 23:23:0, 17:17:17, 23:23:23 and 20:10:10. 
Those who did not use fertilizers said that they were either too costly or unnecessary.  

Incidence of macadamia seedling chlorosis 

Looking at the picture of macadamia seedling chlorosis provided, 14 operators (88%) said that they 
were familiar with macadamia seeding chlorosis. Only two (13%) operators had not had seen the 
condition, while seven (44%) reported that the problem was still persisting in their nurseries. Reporting 
on the year of greatest loss, Macnuts Seed Products said they had lost 500, Jason Nurseries 150 
seedlings, Kamiu Nurseries 2000 and Juakari Nurseries 20. Operators had varied reasons for causes of 
macadamia seedling chlorosis, ranging from lack of water, problems with pests and diseases to poor 
nutrition (Table 5). Control measures enforced ranged from fertilizer application to change of soil used 
in the potting media (Table 6). Only one operator (6%) related the condition to iron deficiency.  

Table 5: Causes of macadamia seedling chlorosis 

Cause Percent (%) 

Insects that suck the fluids  5.9 

Lack of iron and diseases 5.9 

Lack of iron, type of variety-Embu & Kirinyaga 5.9 

Lack of nitrogen  5.9 

Lack of water 5.9 

Pests (especially thrips) and soil borne diseases 11.8 

Soil re-use 11.8 

Type of water used 5.9 

Source of soil (poor soils) 5.9 

Total 64.9 

 

Table 6: Macadamia seedling chlorosis control strategies in 
commercial nurseries 

Control Percent 

Use of foliar feeds and CAN fertilizer 5.9 

Use ferrous sulphate for iron deficiency 11.8 

Change soil site from one part of the forest to another 5.9 

Use forest soil 17.6 

Total 41.2 
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Conclusions and recommendations 

The study confirmed that macadamia seedling chlorosis was a widespread and persistent problem in 
commercial nurseries that resulted in substantial loss to seedlings. Only one operator (6%) related it to 
iron deficiency. Less than half of the operators (41%) attempted to correct the problem through 
application of fertilizers (nitrogenous and ferrous) and change of soil in the potting media. The findings 
should be used as the basis for formulating soil type specific potting media recommendations for red 
soils in Kenya. 
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