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CHAPTER 1 


GENERAL INTRODUCTION 


Citrus, known for the fine flavour and quality of its fruit, is grown in nearly 50 

countries throughout the world as a highly prized and economically important fruit 

crop (Castle , 1987) . In 1995 , southern Africa (including South Africa , Botswana, 

Zimbabwe, Namibia and Mozambique) was the 14th largest citrus producing region in 

the world with a total production of 1.02 million tonnes of citrus fruit. Current 

production is 1.33 million tonnes , which already exceeds the production of 1.3 million 

tonnes predicted for 2005 (Steve Burdette, Capespan Group Holdings (Pty) Ltd, 

Bellville, personal communication) . After Spain and the United States of America, 

southern Africa is the third largest exporter of fresh citrus. From the approximately 

16 million citrus trees planted on 58 000 ha in southern Africa in 1996, 64% of the 

total production was exported, 23 % processed and 13 % consumed locally (Barry, 

1996) . This ratio has not changed significantly (Steve Burdette, Capespan Group 

Holdings (Pty) Ltd, Bellville, personal communication) . Outspan International 

Ltd.(now incorporated into Capespan Group Holdings), as one of the export

marketing agents for southern African citrus, exported 45.5 million cartons of citrus 

fruit in 1996 and 44 .5 million cartons in 1997. 

World-wide, diseases caused by fungi, bacteria, phytoplasms, viruses and nematodes 

are the most serious limitation to profitable production of citrus in otherwise suitable 

environments (Davies & Albrigo, 1994) . Phytophthora de Bary species cause severe 

diseases of citrus world-wide (Timmer & Menge, 1988; Graham, 1990) . 

Phytophthora nicotianae Breda de Haan (syn. P. parasitica Dastur) and P. 

citrophthora (R.E. Sm. & E.H. Sm.) Leonian are the most devastating fungal 

pathogens involved in citrus root rot (Klotz et ai., 1958). More recently, Zitko et ai. 
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(1991) found P. palmivora var. palmivora (E. Butler) E. Butler to be a highly 

aggressive and damaging pathogen on certain citrus varieties in Florida, USA. 

Under conditions conducive to disease, P. nicotianae causes tree decline and yield 

losses in many citrus cultivars (Graham, 1995a). Root rot occurs when the pathogen 

infects the root cortex and causes decay of fibrous roots (Graham, 1990; 1995a, b; 

Agostini et al . , 1991). The cortex turns soft, appears water-soaked and becomes 

somewhat discoloured . The fibrous roots slough their cortex leaving only the white, 

thread-like stele, giving the root system a stringy appearance (Graham, 1995a). 

Feeder roots are frequently affected in nurseries and the problem is often transferred 

from there into the field (Grech & Rijkenberg, 1992). P. nicotianae can also cause 

foot rot, which is recognised as an injury of the bark on the trunk or roots near the 

soil level. These lesions on the trunk or crown roots can girdle and kill the tree 

(Timmer & Menge, 1988; Graham, 1990) . 

Fusarium solani (Mart.) Appel & Wollenw., despite often being regarded as a "mild 

pathogen", also forms an important part of the citrus root rot complex (Labuschagne, 

1994). It causes dry rot of citrus, characterised by death of the bark and brown 

staining of the scaffold roots and crown below the bud-union (Bender & Menge, 

1984) . It is also associated with feeder root rot which is characterised by cortical 

sloughing exposing the light-coloured stele in the centre of the root (Nemec & 

Zablotowich, 1981) . F. solani furthermore is implicated in the "sudden death" 

syndrome. The leaves on an otherwise healthy tree suddenly wilt and turn yellow and 

the tree dies rapidly, often with the leaves and fruit still on the tree (Labuschagne, 

1994) . 

Most researchers regard F. solani as a secondary parasite, because the fungus is also 

isolated from healthy citrus roots (Nemec, 1978; Graham et al., 1983). Labuschagne 

& Kotze (1988) demonstrated that waterlogging, girdling and high rates of inorganic 

nitrogen fertiliser, predispose citrus plants to root rot caused by F. solani. 

Carbohydrate depletion prior to inoculation also increasesthe susceptibility of citrus to 

infection by F. solani (Labuschagne et al., 1992). Reduction in growth was more 
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pronounced in the presence of both F. solani and Tylenchulus semipenetrans Cobb 

than each pathogen on its own (Van Gundy & Tsao, 1963; Nemec, 1978). 

The citrus nematode, T. semipenetrans , is distributed throughout citrus growing 

regions of the world and causes citrus slow decline. By causing significant reductions 

in tree growth and yield over time, it is an important limiting factor in fruit production 

(McCarthy et al., 1979; Kaplan & O'Bannon, 1981). Citrus slow decline is 

characterised by a reduction in fibrous root biomass, root disfunction, and undersized 

fruit (Duncan et al., 1993). In susceptible rootstocks, juvenile stages of the female 

nematode will penetrate through the epidermal and hypodermal layers of the fibrous 

roots deep into the root cortex and parenchyma cells. Permanent feeding sites will be 

formed and the juveniles then mature into adults (Ferguson et al., 1996) . 

Hypersensitive reactions and the formation of wound periderm protect rootstocks 

against nematode penetration (Van Gundy & Kirkpatrick, 1964; Kaplan & O 'Bannon, 

1981) . 

Rootstocks are of primary importance to the citrus industry because of their long-term 

horticultural benefits (Castle, 1987; Niles et al ., 1995), such as tolerance to soil 

salinity, flooding, drought and cold injury , pronounced effects on scion vigour and 

size, fruit yield and size, juice quality and disease tolerance (Castle, 1987). 

Although some root pathogens can be controlled by means of chemicals (Sandler et 

al., 1989) and preventative phytosanitary methods such as soil fumigation and treated 

irrigation water (Grech & Rijkenberg, 1992), control through rootstock tolerance is a 

more desirable solution (Castle, 1987) because it is less expensive and more effective 

in the long run (Furr & Carpenter, 1961) . 

Tolerant rootstocks offer an excellent means of reducing losses from Phytophthora 

root (Carpenter & Furr, 1962) and foot (Afek et al., 1990) rot. Over the years many 

workers have reported on rootstock resistance to Phytophthora spp . (Carpenter & 

Furr, 1962; Klotz et al., 1967, 1968; Cameron et al., 1972; Hutchison & Grimm, 

1972; Whiteside, 1974; Carpenter et al., 1975, 1981; Tuzcu, 1984; Smith et al., 
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1987; Graham, 1990, 1995a, b; Agostini et al., 1991; Hough, 1992; Broadbent & 

Gol1now, 1993). Rootstocks vary in their tolerance to Phytophthora spp. (Agostini et 

al., 1991). Phytophthora-resistance is found in rootstock varieties and selections of 

most citrus, including trifoliate oranges, citranges, rough lemon, tangelos, 

Macrophylla and Volkamer lemon (Carpenter et al., 1975; Wutscher, 1979; Hough, 

1992; Kosola et al., 1995). Menge & Nemec (1997) pointed out that in general, 

sweet oranges are very susceptible to Phytophthora, and according to Graham 

(1995b), may support high population densities of the fungus in soil within the root 

zone. Trifoliate orange, from which most of the Phytophthora-resistance is derived, 

may support lower soil populations of Phytophthora. Resistant citrus rootstocks have 

been recognised as important in the management of the citrus nematode (Kaplan & 

O'Bannon, 1981). 

Very little research has been done on tolerance of rootstocks against F. solani. 

Citranges, Citrumelo, Macrophylla, Rough lemon and Cleopatra mandarin appear to 

be more susceptible to Fusarium spp. in the field than sour and sweet orange 

rootstocks (Menge, 1988). 

Currently, Carrizo and Troyer citrange (Citrus sinenses (L.) Osb. x Poncirus trifoliata 

(L.) Raf. x C paradisi Macf.) are the group of rootstocks most frequently used (37% 

of seed supplied by Capespan) in southern Africa. They have been ranked as tolerant 

to Phytophthora root rot and the citrus nematode, but somewhat susceptible to 

Fusarium dry rot (Rabe & Von Broembsen, 1991). Other rootstocks used in southern 

Africa include Rough lemon (C jambhiri Lush.) (31 %), Swingle citrumelo (P. 

trifoliata x C paradisi) (17%), Volkamer (C volckameriana Ten. & Pasq.) (7%), 

X639 hybrid [Po trifoliata x C reticulata Blanco cv. Cleopatra mandarin (C reshni 

Hort. ex Tan.)] (6%) and Minneola x Trifoliate hybrid [(C paradisi xC reticulata) x 

P. trifoliata)] (1 %) (Steve Burdette, Capespan Group Holdings (Pty) Ltd, Bellville, 

personal communication). 

The objective of this study was to evaluate citrus rootstocks for resistance or tolerance 
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against P. nicotianae and F. solani on their own and in combination, as well as 

against T. semipenetrans . The most reliable parameters to be used during screening 

for tolerance will also be assessed. 
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CHAPTER 2 


TOLERANCE OF CITRUS ROOTSTOCKS TO 

PHYTOPHTHORA NICOTIANAE AND FUSARIUM 

SOLANI UNDER GREENHOUSE CONDITIONS 

ABSTRACT 

Thirty different citrus rootstocks were evaluated for their tolerance to Phytophthora 

nicotianae, Fusarium solani and a combination of these two fungi in the greenhouse. 

Seedlings were grown in artificially infested media for three months and compared to 

Swingle citrumelo and Rough lemon rootstocks. Plant height, disease severity, feeder 

root length and root and shoot dry mass were used as parameters to determine the 

degree of tolerance or susceptibility of the rootstocks to the different pathogen 

treatments . Plant height and shoot mass were the most reliable parameters, whereas 

feeder root length was the most umeliable . Australian trifoliate and Shekwasha 

mandarin were highly tolerant of P. nicotianae, while Natsudaidai, Terra Bella 

citrange, Jacobsen trifoliate, Rusk citrange, Shekwasha mandarin and Pomeroy 

trifoliate were the most tolerant of F. solani . Swingle citrumelo nevertheless was 

more tolerant of both fungi then any of the above rootstocks. 

INTRODUCTION 

Throughout the world Phytophthora and Fusarium root rots are major soilborne 

diseases of citrus (Menge & Nemec, 1997). 
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Phytophthora nicotianae Breda de Haan (syn. P. parasitica Dastur) is the mam 

cause of root rot in citrus (Timmer & Menge, 1988). Infection is usually 

characterised by decay of the small fibrous roots, which results in general decline and 

die-back of the leaf canopy (Blaker & MacDonald, 1986). Sixty-five percent of all 

citrus plantings in southern Africa is affected by this pathogen (Schutte, 1994). 

Fusarium solani (Mart.) Appel & Wollenw ., a common soilborne fungus (Menge & 

Nemec, 1997) and inhabitant on citrus roots (Nemec & Zablotowicz, 1981), is also 

associated with root rot and of major importance in terms of productivity of citrus 

(Labuschagne, 1994). However , there have been some conflicting reports about the 

pathogenicity of F. solani. Because of failures to infect citrus with F. solani in pot 

studies , Sherbakoff (1953), Martin et al. (1956), Graham et al. (1983) and Dandurand 

& Menge (1993) considered the fungus to be a saprophyte or weak pathogen 

colonising only rotted or injured roots. Sherbakoff (1953) considered F. solani to be 

playing a secondary role in the decline of citrus. Van Gundy & Tsao (1963), Nemec 

et al. (1980), Nemec & Zablotowicz (1981) and Labuschagne & Kotze (1988) have 

demonstrated the pathogenicity of the fungus to citrus and showed that it is influenced 

by inoculation techniques, cultural practices and the environment. According to 

Labuschagne et al. (1987), F. solani can establish a symptomless infection in citrus 

roots and cause severe root rot under stress conditions. 

Rootstocks are important in citrus production because of their potential resistance to 

soilborne pathogens (Kupper et aI., 1994) . Tolerant rootstocks can offer an effective 

means of reducing losses from Phytophthora and Fusarium root rot (Carpenter & 

Furr, 1962; Labuschagne , 1994) . Graham (1995a) defined root rot tolerance as the 

condition where plants are infected, but show little or no net root loss because root 

mass is maintained by root regeneration. Shurtleff & A verre (1997) described 

tolerance as the ability of a plant to endure an infectious disease, physiological 

disorder , adverse conditions or chemical injury without serious damage or yield loss . 

They defined resistance, on the other hand , as the inherent ability of an organism 

(host plant) to overcome or retard , completely or to some degree, the activity of a 
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pathogen or other damaging factor . Lastly, susceptibility was defined as the 

inability of a plant to resist the effect of a pathogen or other damaging factor. Kosola 

et ai. (1995) found the fine roots of rootstocks, for example those susceptible to P. 

nicotianae, to have a shorter lifespan and to support larger populations of P. 

nicotianae than the fine roots of a more tolerant rootstock. 

Root pathogens of citrus can be chemically controlled , but it is very expensive 

(Sandler et al. , 1989) and certain pathogens have a tendency to become resistant 

towards some of the chemicals (Fisher, 1993). Tolerant rootstocks, on the other 

hand, can render protection, which is effective over a longer period of time (Furr & 

Carpenter, 1961). 

The objective of this study was to evaluate various citrus rootstocks available in South 

Africa for tolerance to P. nicotianae, F. solani and the combined effect of these two 

pathogens under greenhouse conditions. 

MATERIALS AND METHODS 

Citrus rootstocks. Three-month-old seedlings of thirty different types of rootstocks 

(Table 1) , were supplied by H F Ie Roux of Capespan Citrus Centre in Nelspruit. For 

ease of reading, genera and species names are not referred to in the text, but only the 

cultivar names. All seedlings of each cultivar were maintained in 44 x 190 x 20 cm 

asbestos pots, in a steam-pasteurised sand / peat / soil (1:1:1 v/v) mixture at 15+2°C 

during night and 27 + 2 °C during day in a greenhouse. This was done because the 

rootstocks had to be evaluated in groups / batches because of limited greenhouse 

space. Seedlings were watered three times a week with distilled water. Red spider 

mite was controlled with alternate applications every six weeks of the following 

insecticides: 5 ml DursbanTM, Efekto (a.i. chlorpyriphos 240 g-I) 5 1-1 water, 200 ml 

Red SpiderspreyTM, Wonder (a.i. amitraz 200 go!) 100 1-1 water. The plants were 

fertilised every six weeks with 10 g Chemicult™, Kompel (macro-elements: 6.5 % N, 
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2 .7% P, 13 .0% K, 7.0% Ca, 2.2% Mg, 7.5% S; micro-elements : 0.15% Fe, 

0 .024% Mn, 0 .024% B, 0.005% Zn, 0.002% Cu, 0.001 % Mo) 5 r! water. The 

remaining rootstocks (those that were planted in the second year) were transplanted 

every six months to fresh sand / peat / soil mixture. All rootstocks were maintained 

under these conditions until used. 

Disease status of rootstocks at commencement of each trial. To confirm the 

absence of pathogens in plants at the start of each experiment, roots were randomly 

selected from each of six randomly selected seedlings of each cultivar and processed 

as follows: roots were washed , cut into segments ca . 5 mm in length , surface 

disinfested for 1 minute in 1.5 % sodium hypochlorite solution and rinsed in sterile 

distilled water. Root segments (ten per medium) were plated on potato-dextrose agar 

(PDA) and a selective medium for Fusarium, namely rose-bengal-glycerine-urea agar 

(10 g glycerine, 1 g urea, 0.5 g L-alanine , 1 g quintozene (Terrachlor™, 75 % a. i.), 

0.5 grose-bengal, 15 g Biolab™ PDA I-I distilled water supplemented with 50 mg-i 

streptomycin) (RbGU) (Van Wyk et ai., 1986) . 

Some root segments were only washed and then rinsed in sterile distilled water . 

These segments were plated (10 per medium) on a selective medium for Phytophthora 

spp. , namely pimaracin-ampicillin-rifampicin-pentachloronitrobenzene-hymexazol 

(PARPH) [half-strength PDA (20 g Biolab™ PDA 800 m!"! distilled water), 

supplemented after autoclaving with a solution containing: 100 mg quintozene, 250 

mg ampicillin, 10 mg rifampicin, 10 mg pimaricin and 0.15 ml (103 ppm) hymexazol 

(Tachigaren™ , 70 % a. i.) added to 200 ml sterile distilled water (Jeffers & Martin, 

1986)]. 

Plates were incubated at room temperature (25 +2°C) in the dark and observed 

regularly over a two-week period for fungal growth. Sub-cultures from all fungal 

colonies were made and the fungi identified (Nelson et ai., 1983; Erwin & Ribeiro, 

1996). 
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Pathogen isolates. A fresh isolate of P. nicotianae (obtained from infested soil in 

an orchard in the Sundags River Valley, Eastern Cape Province, South Africa) and F. 

solani isolate JFI0 [isolated by Strauss (1992) from Rough lemon rootstock (scion 

Delta Valencia sweet orange), Letaba Estates, Northern Province, South Africa] were 

used. Fungal isolates were multiplied on PDA (39 g Biolab™ PDA I-I distilled water). 

To maintain cultures between trials , F. solani was stored as a spore suspension (500 

)11 / vial) in autoclaved silica sand in sealed glass vials. P. nicotianae was stored as 

mycelial discs in sterile distilled water . Both pathogens were kept in darkness at room 

temperature (25 +2°C) . 

Preparation of inoculum. Millet seed was used as carrier for fungal inoculum. 200 

g millet seed in high-density polyethylene bags (17 cm x 25 cm) was moistured with 

100 ml sterile distilled water and autoclaved for 20 minutes on two successive days. 

Each bag was inoculated with ten mycelial discs (6 mm in diameter) of either a seven

day-old F. solani or a 14-day-old P. nicotianae culture (Strauss, 1992). Inoculated 

bags were incubated for four weeks at 25 +2°C in the dark and were regularly 

kneaded to ensure even spread of the fungus. Uninoculated millet seed was used as 

control. 

Treatments. Rootstocks were tested against P. nicotianae, F. solani and a 

combination of these two fungi in groups of approximately ten at a time. An 

uninoculated treatment served as control. Six replicate plants per rootstock were used 

per treatment. The trials were conducted in 1996 and repeated 12 months later (1997) 

with the same rootstocks, but without the P. nicotianae / F. solani combination. In 

each experiment Swingle citrumelo and Rough lemon were included as reference 

rootstocks. 

Inoculation. Millet seed inoculum of each fungus was added at a rate of 3 % v/v to a 

steamed sand / peat / soil (l :1: 1 v/v) mixture and uniformly mixed . Seedlings were 

transplanted into the inoculated medium in 15 cm diameter plastic pots and grown for 

three months at 15 +2°C during night and 27 +2°C during day in a greenhouse . Pots 

were arranged in a block design, the cultivar replicates completely randomised within 

blocks to avoid cross-contamination. Seedlings were watered three times a week with 

distilled water. 
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Evaluation. At the beginning and end of each trial, seedling heights were measured 

from the soil-line to the top of the foliage. Percentage increase in plant height was 

calculated by subtracting the original height from the height at termination of the trial. 

Increase in plant height was expressed in relation to the plant height of the 

uninoculated control. 

Three months after planting, the rootstocks were carefully removed from the pots, 

their root systems washed free from soil in tap water and processed as described 

below. 

Disease severity was determined by rating each root system for visual root rot on a 

scale of 1 - 4 (1 = 0-25 % of root system rotted, 2 = 26-50 % of root system rotted, 3 

= 51-75 % of root system rotted and 4 = 76-100 % of root system rotted). Increase in 

disease severity was expressed in relation to disease severity index of the uninoculated 

control and calculated as follows: inoculated (rating) - uninoculated (rating). After 

rating of disease severity, root samples were taken at random from the various 

treatments, and prepared and plated out as described above. 

Feeder root length was determined after isolations were done by measuring the length 

of O.lg of roots per rootstock with a Geotron™ (model nr. WLM1) root length meter 

(Geotron Systems (Pty) Ltd., P .O Box 2656, Potchefstroom, 2520). Results were 

expressed as the percentage increase in feeder root length and calculated as follows: 

([uninoculated - inoculated] I uninoculated) x 100 (Gabor & Coffey, 1990). It was 

also expressed in relation to the feeder root length of the uninoculated control. 

Root and foliage mass was determined after drying for 48 h at 80a C. Percentage 

reduction in root and shoot dry mass was calculated according to the following 

formula: ([uninoculated - inoculated]/uninoculated) x 100 (Gabor & Coffey, 1990). 

Reduction in root and shoot dry mass was expressed in relation to root and shoot dry 

mass of the uninoculated control. 
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Analysis of vanance (ANOYA) was performed by means of GENST A T 5 

(GENST A T Committee, 1993). Treatment means and interactions between the 

treatments were compared by means of Fisher's Protected Least Significant Difference 

(LSD) t-test procedure (Snedecor & Cochran, 1967). At 5 % level of significance, the 

best group of rootstocks was designated tolerant (best group, T) and the poorest group 

susceptible (poorest group, S) based on the Multiple t-distribution test procedure of 

Gupta & Panchapakesan (1979) . 

RESULTS 

Before planting no fungal pathogens could be isolated from the roots of the various 

rootstocks. At termination of the trails, F. solani and P. nicotianae infection was 

confirmed by isolations from the root systems in the respective treatments. Both 

pathogens were isolated from the roots of plants in the combination treatment, 

whereas no pathogens were isolated from the uninoculated control treatments. 

Data of the 1996 and 1997 trials are presented in Tables 2-6 and 7-11 respectively. 

According to feeder root length, the Fusarium, Phytophthora and Fusarium -

Phytophthora combination treatments differed significantly (P=O.05) from each other 

(Tables 2 and 7), except with the third group of rootstocks tested in 1996. Treatment 

means of F. solani for the first group of rootstocks tested in 1996, and the second and 

third group of rootstocks tested in 1997 were all significantly lower than those of the 

other treatments. Treatment means for Phytophthora were significant lower than the 

other treatments for the second group of rootstocks tested in 1996 and the first group 

of rootstocks tested in 1997 . Rootstocks also differed from one another, except for 

the third group of rootstocks tested in 1997. Rootstock x treatment interaction did not 

show significant differences between the rootstocks in all the trials except for the first 

group of rootstocks tested in 1996. Swingle citrumelo and Rough lemon varied in 

their response between the different groups of rootstocks. 
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With plant height as parameter, significant differences were evident between the 

Fusarium and Phytophthora treatments (Tables 3 and 8), but not between the 

Fusarium and Fusarium-Phytophthora combination treatments. In the third group of 

rootstocks tested during 1997, the treatment mean for P. nicotianae was higher 

(2.5 %) than the treatment mean for F. solani (-2 .0%) but otherwise, the rootstocks 

were more severely affected by Phytophthora than by Fusarium and the combination 

treatment. Rootstocks differed from one another and there were also differences in 

treatment x rootstock interaction. Growth of Rough lemon was severely to 

intermediately affected by the two pathogens. Although Swingle citrumelo was 

affected less, the results varied between experiments and actually indicated 

susceptibility in the second group of rootstocks. There was therefore poor consistency 

in the response of the reference rootstocks to the different pathogens. Plant height of 

Terra Bella citrange was only slightly affected by F. solani in both years. The same 

tendency occurred in the combination treatment, and to a lesser extent with P. 

nicotianae. Terra Bella citrange proved to be a more vigorous grower than the other 

rootstocks. Plant height of Australian trifoliate was only slightly affected by P . 

nicotianae in both years (5.9 and 14.8 % respectively). Natsudaidai was slightly 

affected by F. solani (20.6 and 12.7%) but was severely impeded by P. nicotianae 

(2.1 and -8.9%) and combination (-4.6%) treatments. Jacobsen trifoliate was 

intermediate in its response to the pathogens in the first year, but was not much 

affected in the second year. Changsha mandarin increased only slightly in height in 

pathogen-infested soil in both years, but is in any case not a vigorous grower. 

Sunchusha mandarin and Rusk citrange were significantly affected by P. nicotianae. 

Obovoideae showed susceptibility to F. solani in both years. F80-8, Konejime, 1113 

and Cleopatra mandarin were only slightly affected by both Fusarium and 

Phytophthora. 

In terms of disease severity, the treatments differed significantly from one another in 

1996, and in the first and third groups of rootstocks tested in 1997 (Tables 4 and 9). 

The Fusarium and Fusarium-Phytophthora combination treatments again did not differ 

from each other. The treatment mean of Phytophthora was consistently higher than 
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that of the Fusarium and combination treatments. Rootstocks and treatment x 

rootstock interactions also differed significantly. Swingle citrumelo was not 

significantly affected by P. nicotianae, F. solani or the combination treatment. Rough 

lemon was severely affected by P. nicotianae in the first year, but appeared to be 

more intermediate in the second year. It also showed an intermediate reaction to the 

other two treatments in both years. Pomeroy trifoliate (0.7 and 0) and Rusk citrange 

(0.5 and 0 .5) were tolerant to F. solani in both years. Both rootstocks also showed 

tolerance to P. nicotianae in the second year but were susceptible in the first year. 

Calamandrin (3 and 2.3) and Natsudaidai (2 and 2.3) showed high susceptibility to P. 

nicotianae in both years. Amblycarpa (1.7), Australian trifoliate (1), and Rubidoux 

trifoliate (0.8) were all intermediate in response to Fusarium in the first year, but 

tolerant in the second year (all 0.3). The latter rootstocks also showed greater vigour 

(growth) in the second year. 

In terms of root mass (Tables 5 and 10) significant differences were evident between 

treatments, except for the first group in the second year . The tendency was for the 

Phytophthora treatment mean to be higher than that of the Fusarium and combination 

treatments. Rootstocks also showed significant differences, as did the treatment x 

rootstock interactions, except for the first group of rootstocks in both years. Swingle 

citrumelo showed a low percentage of root loss in all the treatments, except for the P. 

nicotianae treatment in the second group of rootstocks tested in 1996, where it was 

actually rated as susceptible. Rough lemon had an intermediate to high reduction in 

root mass in the Fusarium and Phytophthora treatments but was, however, tolerant to 

the combination treatment in the third group of rootstocks 1996. The root mass of 

Rusk citrange was affected little by F. solani in both years (13.4 and 2.4 %). 

Natsudaidai (76 .9 and 140%), Australian trifoliate (67.2 and 57.3%) and Japanese 

citron (93.2 and 77.5 %) were all severely affected by Phytophthora in 1996 and 1997. 

Sunchusha mandarin responded with a substantial reduction in root mass (73 and 

74.4%) to F. solani in both years. The tendency was for the root systems of 

Changsha mandarin and Shekwasha mandarin to be more severely affected by the 

Fusarium and Phytophthora treatments in 1996 than in 1997. However, these two 

mandarins were not severely affected by the combination treatment. 
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Fusarium and Phytophthora significantly reduced shoot mass of rootstocks (Tables 6 

and 11). Again, the tendency was for treatment means of Phytophthora to be higher 

than that of the Fusarium and combination treatments. This is probably due to the 

high inoculum of F. solani that could have contained metabolites toxic to P. 

nicotianae. No differences occurred between the treatment means of the Fusarium 

(23 .2%) and combination (25.3%) treatments in the first group of rootstocks in 1996. 

With the third group of rootstocks in 1996, the treatment means of the Phytophthora 

(48.3 %) and combination (51. 7 %) treatment did not differ. No differences were 

evident between rootstocks in the first group in the second year. There was also no 

difference in terms of the rootstock x treatment interaction. For the rest, significant 

differences occurred between the rootstocks and the rootstocks x treatment 

interactions. Swingle citrumelo showed a low percentage reduction in shoot mass 

with all the pathogens, while Rough lemon showed a susceptible to tolerant response . 

Jacobsen trifoliate (2 .1 and 32 .1%), Rusk citrange (6.1 and 5.1%) and Shekwasha 

mandarin (26.5 and 13 .2 %) all showed relatively little reduction in shoot mass with 

Fusarium in both years. Changsha mandarin, on the other hand, showed a great 

reduction in shoot mass with both Fusarium and Phytophthora at first, but was rated 

as tolerant in the second year. It also appeared to be tolerant to the combination 

treatment (2.4 %). Cleopatra mandarin and Natsudaidai were negatively affected by 

both F. solani and P. nicotianae in 1996 and 1997. Jacobsen trifoliate (76.2 and 

53 .7%),1113 (67.1 and 72.2 %), Rusk citrange (42.5 and 58 .3 %) and Japanese citron 

(77 and 59.4 %) were all susceptible to P. nicotianae, while Sunchusha mandarin 

(64 .1 and 69.7 %) and Sunki mandarin (63 .7 and 61.6 %) were susceptible to F. 

solani. Rootstocks with a low percentage root loss generally showed a low percentage 

reduction in shoot mass. 

DISCUSSION 

The rootstocks were classified as tolerant , intermediate or susceptible for all three 

pathogen treatments in all three groups of rootstocks for both years. The term 
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tolerant, rather than resistant, was used since even the most resistant rootstock can 

show root rot under conditions conducive to disease development (Menge & Nemec, 

1997) . 

Overall , the pathogen treatments differed significantly from each other. The tendency 

was for the rootstocks to be more severely affected by Phytophthora than by Fusarium 

and the combination treatment. Generally , the Phytophthora / Fusarium combination 

showed less root rot, indicating a possible protective effect against P. nicotianae by F. 

soiani (Strauss & Labuschagne, 1994). Where the treatments did not differ 

significantly from each other, the relevant parameter was not considered to be a 

reliable indicator of tolerance or susceptibility . 

With root length as criterion, differences in rootstock response to the treatments were 

mostly non-significant. This could be attributed to feeder root loss occurring during 

the process of harvesting and washing of the root systems . This parameter is therefore 

not a reliable indicator of tolerance. A similar tendency was evident with root mass 

as parameter in the first group of rootstocks. Some correlation did exist between the 

reduction in root and shoot dry mass. A reduction in root mass usually correlated 

with reduction in shoot mass. This tendency was also reported by Matheron et ai., 

(1998) . 

Where increase in plant height and reduction in shoot mass were determined , 

significant differences consistently occurred between the treatments and treatment x 

rootstock interactions . The rootstocks also differed significantly within a parameter. 

These two parameters are , therefore, considered to be the most reliable . Root and 

shoot mass showed some correlation, and reduction in root mass should therefore also 

be a reliable parameter. Increase in disease severity provided a relatively good 

indication of tolerance or susceptibility although not as good as plant mass. 

In this study, rootstocks clearly showed differences in vIgour . It is known that 

rootstocks impart vigour to the scion (Rabe & Von Broembsen, 1991) and that 

physiological status of the plant (e.g. age, nutrition, succulence, vigour, maturity of 

, (0-7c:t <b 19 ~ 
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the growth flush etc.) is important in the evaluation of tolerance (Broadbent & 

Gollnow, 1993). Seedlings used during 1997 were 12 months older than those used in 

1996. The older seedlings grew more vigorously, and hence showed greater tolerance 

to the pathogens. This observation corresponds with that of Graham (1990) who 

found three-month-old seedlings to be less tolerant than older seedlings. According to 

Zentmyer (1961) the phenomenon can be ascribed to the fact that younger seedlings 

may have higher rates of root exudation than older plants , which renders them more 

susceptible to root infection. However, the tolerance of older seedlings could also be 

due to phytoalexins accumulating in their roots (Afek & Sztejnberg, 1988). 

The reference rootstock Swingle citrumelo was found to be tolerant to intermediate in 

most of the treatments. This rootstock is widely regarded as tolerant to Phytophthora 

spp. in particular (Castle et al., 1988; Graham, 1990; Rabe & Von Broembsen, 1991) 

and is the fourth most commonly used rootstock in South Africa (Steve Burdette, 

Capespan Group Holdings (Pty) Ltd , Bellville, personal communication). In some 

instances, however, Swingle citrumelo appeared susceptible to P. nicotianae. This 

can possibly be attributed to the young seedlings being more susceptible . 

The other reference rootstock, Rough lemon, was susceptible to Phytophthora and 

intermediate to Fusarium. It appeared to be intermediate to tolerant to the 

combination treatment, which can possibly be ascribed to the protective effect of F. 

solani (Strauss & Labuschagne, 1994) . Rough lemon is known to be highly 

susceptible to Phytophthora infection (Klotz et al., 1967; Broadbent, 1969; Grimm & 

Hutchison, 1973; Whiteside, 1974; Tuzcu etal., 1984; Afek etal. , 1990; Agostini et 

al., 1991; Broadbent & Gollnow, 1992; Feichtenberger etal., 1992; Graham, 1995a; 

Kosola et al. , 1995) . According to Hough (1992) the various clones of Rough lemon 

used in South Africa vary considerably in susceptibility to root rot. Labuschagne et 

al. (1996) found that Rough lemon had an intermediate response to F. solani, which 

agrees with the findings of the present study. 

According to plant height, which proved to be a reliable parameter, Australian 

trifoliate was tolerant to P. nicotianae. However, according to the reduction in root 
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mass, which is a less reliable parameter , it rated as susceptible to P. nicotianae. 

Hough (1992) found Australian trifoliate to be highly resistant to Phytophthora root 

rot according to a rating based on root rot and leaf yellowing . With the other 

parameters used, Jacobsen trifoliate and Pomeroy trifoliate were both tolerant to F. 

soiani. Jacobsen trifoliate , however, appeared to be susceptible to Phytophthora, 

while Pomeroy trifoliate was intermediate. Pomeroy trifoliate has previously been 

reported to be highly tolerant to P. citrophthora and P. parasitica (= P. nicotianae) 

(Klotz et ai., 1967; Rabe & Von Broembsen, 1991). Trifoliate oranges are mostly 

tolerant to Phytophthora, but the tolerance can be variable (Castle, 1987) . Trifoliate 

rootstocks have a slow growth rate with a medium tree size (Rabe & Von Broembsen, 

1991). Yield and fruit size are usually good. Trifoliates are tolerant to the citrus 

nematode and resistant to tristeza, but sensitive to exocortis . They are also tolerant of 

poor drainage and high clay content. They are, however, sensitive to high sand, high 

salt, high pH and drought conditions . 

Terra Bella citrange was tolerant to F. soiani and tolerant to intermediate to P. 

nicotianae according to increase in plant height. Hough (1992) found Terra Bella 

citrange to be tolerant to Phytophthora. For the rest of the parameters it ranged from 

intermediate to susceptible, which is in contrast to the above. Rusk citrange was 

found to be fairly consistent in its tolerance to F. solani, but it was more susceptible 

to P. nicotianae. Horticultural trials conducted in Florida indicate that tree size is 

small with this rootstock (Gardner & Horanic, 1961, 1968) . This is usually combined 

with a limited root system and drought intolerance (Castle, 1987) . However, trees 

usually yield well and produce high quality fruit (Rabe & Von Broembsen, 1991). 

The rootstock is also exocortis and cold tolerant. C32-citrange appeared to be 

intermediate to tolerant to both F. solani and P. nicotianae. It was especially tolerant 

in its reaction to the different treatments according to shoot mass in 1996. Copeland 

(1988) also reported C32-citrange to be tolerant to Phytophthora root rot. 

Shekwasha mandarin mostly appeared tolerant to Fusarium, but also showed tolerance 

to Phytophthora for different parameters, which is in agreement with findings by 

Klotz et ai. (1967). Sunchucha mandarin and Sunki mandarin were susceptible to F. 
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soiani and Sunchusha mandarin susceptible to P. nicotianae for different 

parameters. Both these mandarins have previously been reported to be susceptible to 

Phytophthora (Castle, 1987; Feichtenberger et ai., 1992; Graham, 1995a). 

Changsha mandarin and Cleopatra mandarin were both susceptible to F. soiani and P. 

nicotianae in the present study. Cleopatra mandarin is one of the most widely studied 

rootstocks. It varied in response to Phytophthora infection and has previously been 

reported as tolerant (Tuzco et ai . , 1984; Copeland, 1988), intermediate (Klotz et ai., 

1967; Smith et ai., 1987; Agostini et ai., 1991) as well as susceptible (Graham, 1990; 

Broadbent & Gollnow, 1992; Feichtenberger et ai., 1992; Graham, 1995b). Bender 

(1995) also found Cleopatra mandarin to be susceptible to F. soiani. This rootstock, 

despite several favourable attributes, remains of minor importance. It has two major 

flaws as a rootstock, namely, scions budded on it are often slow to bear and fruit size 

is small (Castle, 1987). 

In the present study, according to plant height and shoot mass, Calamandrin, 1113, 

and Japanese citron were all susceptible to P. nicotianae, while Obovoideae was 

susceptible to Fusarium infection. Carpenter & Furr (1962) and Graham (1995a) also 

found Calamandrin to be susceptible to P. nicotianae. 

Overall, the rootstocks that proved to be the most tolerant were the following: 

Australian trifoliate and Shekwasha mandarin (all Phytophthora tolerant) and 

Natsudaidai, Terra Bella citrange, Jacobsen trifoliate, Rusk citrange, Shekwasha 

mandarin and Pomeroy trifoliate (all Fusarium tolerant). Swingle citrumelo was 

tolerant to both F. soiani and P. nicotianae. Rootstocks that proved to be the most 

susceptible were the following : Calamandrin, Jacobsen trifoliate, Natsudaidai and 

Japanese citron (all Phytophthora susceptible) and Changsha mandarin, Cleopatra 

mandarin, Rough lemon and Sunchusha mandarin (Fusarium and Phytophthora 

susceptible). These rootstocks were the most consistent between the two years 

according to selection based on the most reliable parameters. 

It is important to remember that no commercially available rootstock possesses all the 

traits required by the citrus industry to overcome incompatibility, diseases and soil 
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problems. The major problems must be identified and rootstocks that contain the 

qualities to suppress or overcome the problem must then be selected. No rootstock 

with complete resistance against root pathogens exists. An integrated control strategy 

is still the best way to provide control. For instance, the use of a tolerant rootstock 

together with a registered chemical and correct cultural practices can give optimum 

control. In the case of F. soLani, there is currently no chemical or rootstock available 

to control the pathogen. The most effective control measure is to eliminate stress in 

trees by optimising growth conditions (Labuschagne et aL., 1996). It is of utmost 

importance to maintain soil conditions favourable for root development and to 

eliminate conditions such as soil compaction (Joubert, 1993). The ideal for 

controlling this pathogen would be to combine the above measures with a tolerant 

rootstock. 
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Table 1: Citrus rootstocks evaluated in the greenhouse against Phytophthora nicotianae, 
Fusarium solani and the two pathogens in combination 

GENUS AND SPECIES CULTIVAR 
Citrus aurantium L. 
C. depressa Hayata 
C. jambhiri Lush. 
C. limon (L.) Bunn.f. 
C. limonia Osbeck 
C. maerophylla Wester 
C. natsudaidai Hayata 
C. obovoidea Hort. ex Takahashi 
C. paradisi Macfady. x C. retieulata Blanco 
C. paradisi x C. retieulata 
C. retieulata 
C. retieulata 
C. retieulata 
C. sunki Hort. ex Tan 
Poncirus trifoliata (L.) Raf. var. monstrosa (T. Ito.) Swing x C. 
sunki 
P. trifoliata 

P. trifoliata 

P. trifoliata 

P. trifoliata 

P. trifoliata var. monstrosa x C. sunki 

P. trifoliata var. monstrosa x C. sunki 

P. trifoliata x C. paradisi 

P. trifoliata. x C. paradisi. 

P. trifoliata x C. sinensis 
P. trifoliata x C. sinensis 
P. trifoliata x C. sinensis 
Unknown - perhaps a C. aurantium hybrid 
Unknown parentage 
Of unknown parentage, probably from the Philippines 
Unknown parentage 

Gou Tou SO 
Shekwasha mandarin 
Rough lemon 
Milan lemon 
Japanese citron 
MacrophyUa 
Natsudaidai 
Obovoideae 
Orlando tangelo 
Sampson tangelo 
Changsha mandarin 
Cleopatra mandarin 
Sunchusha mandarin 
Sunki mandarin 

1112 
Pomeroy trifoliate 

Australian trifoliate 

Jacobsen trifoliate 

Rubidoux trifoliate 

1116 

1113 

F80-8 citrumelo 

Swingle citrumelo 

C32-citrange 
Rusk citrange 
Terra Bella citrange 
Smooth Flat Seville 
Amblycarpa 
Calamandrin 
Konejime 
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Table 2: Increase in feeder root length of citrus rootstocks 3 months after inoculation with Phytophthora 
nicotianae, Fusarium solani and P. nicotianae - F. solani combination (1996) 

Rootstock % Increase in feeder root lengtha 

Phytophthora Combination Fusarium Rootstock mean 

Swingle citrumelo -85.0 Sb -38.1 -10.0 -44.4 
Amblycarpa 73.6 TC 29.0 26.4 43.0 x f 

C32-citrange 29 .9 d -48 .0 -30 .5 -16.2 
Calamandrin 39.3 T 6.2 6.2 17.3 
F80-8 citrumelo 24.7 27.5 -3.3 16.3 
Gou Tou SO 28.0 24.2 -6 .6 15.2 
Konejime -40 .3 -17.7 -15.3 -24.4 
Macrophylla 54.5 T 30 .3 -2 .0 27.6 x 
Milan lemon -78.3 S -81 .6 S -104.4 S -88.1 z 
Orlando tangelo 53.5 T 54 .6 T 40.9 T 49.7 x 
Pomeroy trifoliate 44.6 T 22 .5 28.0 31 .7 x 
Rough lemon 28.2 27.9 28.3 28.1 x 
Treatment x Rootstock LSD {40.1} {40.1} {40.1} 

Treatment mean 14.4 Xe 3.1 X -3.5 Y 

Treatment LSD [11.6] [11 .6] [11 .6] Rootstock LSD (23.2) 

Swingle citrumelo -8 .2 *g 16.7 * 35.7 * 14.7 z 
1113 26 .8 56.6 51 .8 45.1 x 
Changsha mandarin -0.4 15.5 37.2 17.4 z 
Cleopatra mandarin -3 .6 -3.1 31.8 8.4 z 
Jacobsen trifoliate 1.3 31.6 33.7 22.2 z 
Natsudaidai 5.6 39.3 46.1 30 .3 
Obovoideae 12.4 34 .8 55.9 34.4 x 
Rusk citrange 7.8 26.9 13.7 16.1 z 
Shekwasha mandarin 24 .6 43 .2 45.4 37.7 x 
Terra Bella citrange -13.8 32.8 40.1 19.7 z 
Rough lemon 30.7 39.4 33.5 34.5 x 
Treatment x Rootstock LSD {25.6} * {25.6} * {25.6} * 

Treatment mean 7.6 Z 30.4 Y 38.6 X 
Treatment LSD [7.7] [7.7] [7.7] Rootstock LSD (14.8) 

Swingle citrumelo -7.5 * 15.7 * 16.4 * 8.2 
1112 -22 .2 1.9 -19.4 -13.3 z 
1116 11 .2 7.9 14.6 11.2 
Australian trifoliate 2.8 -4 .5 11.2 3.2 z 
Japanese citron 35.9 42.1 56 .9 44.9 x 
Rubidoux trifoliate 11.2 25.5 24.7 20 .5 
Sampson tangelo -18.3 11.7 0.7 -2.0 z 
Smooth Flat Seville 0.0 -1.5 -5.8 -2.4 z 
Sunchusha mandarin 0.0 -9 .8 -5.7 -5.1 z 
Sunki mandarin -17.1 -37.4 27.6 -8.9 z 
Rough lemon 30 .5 32.6 33.5 32.2 x 
Treatment x Rootstock LSD {32.0} * {32.0} * {32.0} * 

Treatment mean 2.4 • 7.7 • 14.1 • 
Treatment LSD [9.7] [9.7] [9.7] Rootstock LSD (18.5) 

Feeder root tength was determined by measuring the length of 0. 1g roots. Results were expressed as the percentage increase in feeder root lengths and calculated as follows: ([uninoculated 
IOoculated[luninoculated) x 100 (Gabor &Coffey. 1990) 

b most susceptible (S) cullivars selected according to the Mulliple I-d istribution test (P=O.05), means followed by the same lelier,do not differ Significantly according to Fisher's protected LSD (I-test) 

most to lerant (T) cullivars selected according to the Mulliple I-distribution test (P=O.05), means followed by the same lelier, do not differ significantly according to Fisher's protec ted LSD (I-test) 

values not followed by any leiter can be claSSifi ed as intermediate in its response to the pathogen treatment according to the Mull ipl e I-distribution test (P=O.05), and do not differ significa nlly 
accord ing to Fisher's protected LSD (Hest), this is only where significant differences did occur wi th in a treatment 
means followed by the same leiter (X.Y,l between treatments) do not differ sign ificanlly (P=O.05) according to Fishe( s protected LSD (I·test) best cullivars selected according to the Multiple 
l-distribution test 
means followed by the same lelter(x,z within rootstock mean) do not differ significanlly (P=O.05) according to Fishe(s protected LSD (I·test) best cullivars selected according to the Multiple 
i-distribution test 

g' not significant. 
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Table 3: 	Increase in plant height of citrus rootstocks 3 months after inoculation with 
Phytophthora nicotianae, Fusarium solani and P. nicotianae - F. solani combination (1996) 

Rootstock % Increase in plant heighe 

Phytophthora Combination Fusarium Rootstock mean 

Swingle citrumelo -3.6 b 5.3 1.3 1.0 
Amblycarpa -20.6 -17.6 -7.9 -15.3zf 

C32-citrange -8.1 27 .7 TC 13.1 10.9 x 
Calamandrin -25.4 Sd -15.8 -3.2 -14.8 z 
F80-8 citrumelo -9.1 11 .5 3.9 2.1 
Gou Tou SO -21.9 -7 .6 0.8 -9.6 
Konejime -12.7 2.8 7.5 -0.8 
Macrophylla -36.0 S 1.9 -3 .3 -12.5z 
Milan lemon -29.6 S -14.0 -13.4 -19.0z 
Orlando tangelo -28.6 S -10.8 -16.9 -18.8z 
Pomeroy trifoliate 1.8 13.0 -0.3 4.8 x 
Rough lemon -10.0 -8.4 6.2 -4.1 
Treatment x Rootstock LSD (12.3) (12.3) (12.3) 

Treatment mean -17.0 ye -1.0 X -1.0 X 
Treatment LSD [3.5] [3.5] [3.5] Rootstock LSD (7.1) 

Swingle citrumelo -0.1 9.3 4.8 4.6 z 
1113 8.3 14.4 T 7.5 10.1 
Changsha mandarin -9.8 S 8.1 -3.9 S -1.8 z 
Cleopatra mandarin 3.2 6.0 1.9 3.7 z 
Jacobsen trifoliate 11 .4 6.8 4.0 7.4 
Natsudaidai 2.1 -4.6 S 20.6 T 6.1 z 
Obovoideae -3.0 S 5.8 -2.4 S 0.1 z 
Rusk citrange -14.4 S 8.9 3.1 -0.8 z 
Shekwasha mandarin 8.0 14.7 T 7.7 10.1 
Terra Bella citrange 17.6 T 24.1 T 20.5 T 20.7 x 
Rough lemon -1 .1 -6.8 S 12.9 T 1.7 z 
Treatment x Rootstock LSD (12.4) (12.4) (12.4) 

Treatment mean 2.0 Y 7.9 X 7.0 X 
Treatment LSD [3.7] [3.7] [3.7] Rootstock LSD (7.1) 

Swingle citrumelo -0.8 -0.3 13.6 T 4.2 x 
1112 -6.8 -7.1 6.1 T -2.6 x 
1116 -15.7 16.6 T 2.7 1.2 x 
Australian trifoliate 5.9 T 3.5 T 1.7 3.7 x 
Japanese citron -5.3 3.9 T 3.6 T 0.7 x 
Rubidoux trifoliate -5.8 10.4 T 3.6 T 2.7 x 
Sampson tangelo -9.7 -11.8 -11.7 -11 .1 
Smooth Flat Seville -1.4 2.4 10.7 T 3.9 x 
Sunchusha mandarin -18.1 S -17 .9 S 5.1 T -10.3 
Sunki mandarin -13.9 1.2 8.0 T -1.5 x 
Rough lemon -18.8 S -15.8 -30.8 S -21.8 z 
Treatment x Rootstock LSD (13.7) (13.7) (13.7) 

Treatment mean -8 .2 Y -1 .37 X 1.1 X 
Treatment LSD [4. 1] [4.1] [4.1] Rootstock LSD (7.9) 

a 	 Increase in plant height was calculated by subtracting the originat ptant height of the seedlings. from the plant height three months later at termination of the trial, and it was expressed as 
percentage in retation to the uninocutated control 

b 	 vatues not followed by any teller can be ctassified as intermediate in its response to the pathogen treatment according to the Multiple I-distribution test (P;O.05), and do not dilfer significanlly 
according to Fisher's protected LSD (/-lest), this is only where significant differences did occur within a treatment 
mosttoterant (T) culiivars selected according to the Multiple I-distribution test (P=O.05). means followed by the same leller do not differ significantly according to Fisher's protected LSD (/-lest) 

most susceptible (S) cultivars selected according to the Multiple I-distribution test (P=O.05) means foltowed by the same leller do not differ significantly according to Fisher's protected LSD (I·test) 

e 	 means fotlowed by the same leller (X.V,Z between treatments) do not differ significantly (P=O.05) according to Fisher's protected LSD (/-lest) best cultivars setected according to the Multipte 
I-distribution test 
means followed by the same leller(x,z within rootstock mean) do not differ significantly (P=O.05) according to Fishe~s protected LSD (I-test) best cullivars setected according to the Multiple 
I-distribution test. 
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Table 4: Increase in disease severity in citrus rootstocks 3 months after inoculation with Phytophthora 
nicotianae, Fusarium solani and P. nicotianae - F. solani combination (1996) 

Rootstock Increase in Disease severitya 

Phytophthora Combination Fusarium Rootstock mean 

Swingle citrumelo 0.8 TO 0.7 T 1.2 0.9 Xl 

Amblycarpa 3.0 SC 1.2 1.7 1.9 
C32-citrange 1.8 d 1.2 1.7 1.6 
Calamandrin 3.0 S 1.5 1.8 2.1 z 
F80-8 citrumelo 1.8 1.3 1.2 1.4 
Gou Tou SO 2.7 S 1.0 0.2 T 1.3 x 
Konejime 2.7 S 1.3 0.7 T 1.6 
Macrophylla 2.3 S 0.3 T 0.3 T 1.0 x 
Milan lemon 2.7 S 1.3 1.7 1.9 z 
Orlando tangelo 2.8 S 1.5 0.7 T 1.7 
Pomeroy trifoliate 2.8 S 0.8 T 0.7 T 1.4 
Rough lemon 2.2 S 0.7 T 1.2 1.3 
Treatment x Rootstock LSD {0.7} {0.7} {0.7} 

Treatment mean 2.4 ye 1.1 X 1.1 X 
Treatment LSD [0.2] [0.2] [0.2] Rootstock LSD (0.4) 

Swingle citrumelo 0.5 T 0.7 T 1.3 0 .8 x 
1113 1.0 T 1.0 T 0.7 T 0.9 x 
Changsha mandarin 1.3 1.7 2.3 S 1.8 z 
Cleopatra mandarin 1.4 2.0 2.0 1.8 z 
Jacobsen trifoliate 1.5 1.3 1.2 T 1.3 
Natsudaidai 2.0 1.7 1.5 1.7 z 
Obovoideae 2.2 S 1.3 1.2 T 1.6 
Rusk citrange 2.2 S 1.2 T 0.5 T 1.3 
Shekwasha mandarin 1.0 T 0.5 T 1.2 T 0.9 x 
Terra Bella citrange 1.5 1.7 1.5 1.6 
Rough lemon 2.8 S 1.7 1.7 2.1 z 
Treatment x Rootstock LSD {0.7} {0.7} {0.7} 

Treatment mean 1.6 Y 1.3 X 1.4 X 
Treatment LSD [0.2] [0.2] [0.2] Rootstock LSD (0.4) 

Swingle citrumelo 0.2 T 0.3 0.3 0.3 x 
1112 0.8 0.5 0.5 T 0.6 
1116 1.5 S 0.3 T 0.3 0.7 z 
Australian trifoliate 0.8 0.8 1.0 0.9 z 
Japanese citron 1.8 S 0.3 0.3 0.8 z 
Rubidoux trifoliate 1.0 0.5 0.8 0.8 z 
Sampson tangelo 0.4 1.3 S 1.5 S 1.1 z 
Smooth Flat Seville 0.7 -0 .3 T -0.4 T 0.0 x 
Sunchusha mandarin 1.2 0.5 0.5 0.7 z 
Sunki mandarin 1.5 S 0.3 0.5 0.8 z 
Rough lemon 2.0 S 0.7 0.7 1.1 z 
Treatment x Rootstock LSD {0.7} {0.7} {0.7} 

Treatment mean 1.1 Y 0.482 X 0.5 X 
Treatment LSD [0.2] [0.2] [0.2] Rootstock LSD (0.4) 

a = inoculated· uninoculated. Root rot was scored on a scale of 1 - 4 where 1 = 0-25% of root system rotted ; 2 - 26-50% of root system rotted; 3 - 51-75% of root system rotted and 4 - 76-100% of 
root system rotted, disease severity index was expressed in relation to disease severity index to the uninoculated control 

b most tolerant (T) cuttivars selecled according to the Multiple I-distribution test (P =0.05). means followed by the same letter do not differ Significantly according to Fisher's protected LSD 
(I-test) 
most susceptible (S) cullivars selected according 10 the Mulliple f-distrlbution test (p=O .05) means followed by the same letter do not differ significantly according to Fisher's protected LSD (Hest) 

values not followed by any letter can be classified as intermediate in ItS response to the pathogen treatmenl according to the Multiple I-distribution test (P=O.05), and do not differ significantly 
according to Fisher's protected LSD (t-test), this is only where significanl differences did occur within a treatment 

e means followed by the same letter (X.Y,Z between treatments) do not dilfer significantly (P=O.05) according to Fishe~s protected LSD (I-test), best cultivars selected according to the Multiple 
f-dislribution test 

meanS followed by the same letter (x,z within rootstock mean) do not differ significanlly (P=0.05) according to Fishe~s protected LSD (I-test) besl cult ivars selected according to the Multiple 
I-distribution test. 
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Table 5: 	Reduction in root mass of citrus rootstocks 3 months after inoculation with 
Phytophthora nicotianae, Fusarium solani and P. nicotianae - F. solani combination (1996) 

Rootstock 

Swingle citrumelo 
Amblycarpa 
C32-citrange 
Calamandrin 
F80-8 citrumelo 
Gou Tou SO 
Konejime 
Macrophylla 
Milan lemon 
Orlando tangelo 
Pomeroy trifoliate 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Swingle citrumelo 
1113 
Changsha mandarin 
Cleopatra mandarin 
Jacobsen trifoliate 
Natsudaidai 
Obovoideae 
Rusk citrange 
Shekwasha mandarin 
Terra Bella citrange 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Swingle citrumelo 
1112 
1116 
Australian trifoliate 
Japanese citron 
Rubidoux trifoliate 
Sampson tangelo 
Smooth Flat Seville 
Sunchusha mandarin 
Sunki mandarin 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Phytophthora Combination Fusarium 

50.2 *0 0.4 * 39.4 * 

94 .2 c 21 .1 47.4 
70.1 61.1 70.1 
84.8 39.4 34.3 
67 .3 24.8 65.7 
75.9 3.8 45.0 
63 .7 46.6 38.0 
65.6 33.9 7.4 
71.0 36.0 37.2 
88 .9 22.2 22.2 
77.8 48 .1 29 .6 
72 .0 10.0 30.0 

{35.B} * {35.B} * {35.B} * 

73.5 ye 28.9 X 38 .9 X 
[10.3} [10.3} [10.3} 

63 .0 Sf 20.4 T9 48.1 
79.9 S 6.6 T 17.6 T 
74.4 S 20.5 T 82.1 S 
63 .2 S 16.7 T 68.4 S 
70.3 S 15.5 T -2 .7 T 
76.9 S 20 .5 T 76 .9 S 
29.1 40.6 36.8 
50 .2 69.7 S 13.4 T 
74.1 S 0.0 T 51.9 S 
74.7 S 50.9 61 .3 S 
81. 1 S 50.8 65.9 S 

{30.6} {30.6} {30.6} 

67.0 Z 28.4 X 47.2 Y 
[9.2} [9.2} [9.2J 

12.6 T 15.9 T 11 .0 T 
61.5 70.1 S 48 .1 
54.4 33.3 T 31 .6 T 
67.2 S 88.0 S 80.1 S 
93.2 S 80.5 S 30.2 T 
28.0 T 51 .7 23.3 T 
53.8 63.0 51.6 
63.9 55.3 52.6 
57.2 65.1 73.0 S 
62.7 62.7 58 .8 
75.9 S 22.4 T 42.5 

{26.6} {26.6} {26.6} 

57.3 Y 55.3 Y 45.7 X 
[B.O} [B.O} [8.0} 

a% Reduction in root dry mass 

Rootstock mean 

30.0 xd 

54.2 z 
67.1 z 
52 .9 z 
52.6 z 
41.6 x 
49.4 
35.6 x 
48.1 
44.4 x 
51 .9 z 
37.3 x 

Rootstock LSD (20.7) 

43 .8 x 
34 .7 x 
59.0 
49.4 
27.7 x 
58.1 
35.5 x 
44.4 x 
42.0 x 
62.3 
65.9 

Rootstock LSD (17.6) 

13.2 x 
59.9 
39 .8 
78.4 z 
68 .0 z 
34.3 
56.1 
57 .3 
65.1 z 
61.4 
46.9 

Rootstock LSD (15.4) 

([uninoculated· inoculatedJ/uninoculaled ) x 100 (Gabor & Coffey. 1990) 

b • not significan t 

va tu es not foll owed by any leller can be classified as intermediate In its response to the pathogen treatment according to the Multiple I-distribution test (P=O.05). and do not differ significan lly 
according to Fisher's protected LSD (I-test). this is only where signifi cant differences did occur within a treatment 
means followed by the same teller(x.z within rootstock mean) do not di ffer sign ificanlly (P=O.05) according to Fishe(s protected LSD (I-test). best cullivars selected accord ing to the Multiple 
I-d istribution test 

e means followed by the same leller (X.Y. Z between treatments) do not differ significanlly (P=O .05) according to Fisher's protected LSD (I-test) best cu ltivars selected according to the Multipte 
I-distribu tion test 
most susceptible (S) cultivars selected according to the Multiple I-d istribution test (P=O .05), means fo llowed by the same leller differ significan tly according to Fisher's protected LSD (t-test) 

g most tolerant (T) cultivars setected according to the Multipte I-distribution tes t (P=O.05), means followed by the same leller differ significantly according to Fisher's protected LSD (t-test) . 
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Table 6: Reduction in shoot mass of citrus rootstocks 3 months after inoculation with 
Phytophthora nicotianae, Fusarium solani and P. nicotianae - F. solani combination (1996) 

Rootstock % Reduction in shoot dry massa 

Phytophthora Combination Fusarium Rootstock mean 

Swingle citrumelo 31.3 TO 14.1 T 12.4 T 19.2 xl 
Amblycarpa 75.8 SC 39.4 T 57.6 S 57.6 z 
C32-citrange 23 .4 T 15.7 T 10.0 T 16.3 x 
Calamandrin 72.2 S 5.6 S 44.4 40.7 z 
F80-8 citrumelo 52.9 S 27.5 47.1 42.5 z 
Gou Tou SO 44.9 d 68.8 T 4.8 T 39.5 z 
Konejime 39.2 8.2 T 11.8 T 19.7 x 
Macrophylla 57.0 S 22.5 T -2 .2 T 25.8 x 
Milan lemon 11.7 T 9.6 6.0 T 9.1 x 
Orlando tangelo 86.4 S 37.9 37.9 54.0 z 
Pomeroy trifoliate 72.7 S 33.3 T 15.2 T 40.4 z 
Rough lemon 50.5 21.1 33 .7 35.1 
Treatment x Rootstock LSD (34.5) (34.5) (34.5) 

Treatment mean 51 .5 ye 25.3 X 23.2 X 
Treatment LSD [10.0] [10.0] [10.0] Rootstock LSD (19.9) 

Swingle citrumelo 45.3 S 10.7 T 34.7 30.2 x 
1113 67.1 S 11.9 T 3.4 T 27.5 x 
Changsha mandarin 49.9 S 2.4 T 74 .3 S 42.2 
Cleopatra mandarin 56.8 S 33.7 56.8 S 49 .1 z 
Jacobsen trifoliate 76.2 S -5.8 T 2.1 T 24.2 x 
Natsudaidai 72.9 S 16.0 T 70.1 S 53 .0 z 
Obovoideae 29.9 37.7 23.7 T 30.4 x 
Rusk cit range 42.5 59.8 S 6.1 T 36.1 
Shekwasha mandarin 60.6 S 6.8 T 26.5 T 31.3 x 
Terra Bella citrange 62.5 S 41.7 50.0 S 51.4 z 
Rough lemon 47.3 S 31 .6 67.2 S 48.7 z 
Treatment x Rootstock LSD (33.6) (33.6) (33.6) 

Treatment mean 55.6 Z 22.4 X 37.7 Y 
Treatment LSD [10.1] [10.1] [10.1] Rootstock LSD (19.4) 

Swingle citrumelo 17.3 T 10.0 T 25.8 T 17.7 x 
1112 36.9 63.0 S 9.1 T 36.3 
1116 57.5 S 34.2 T 34.2 T 42 .0 
Australian trifoliate 64.7 S 81.4 S 71 .8 S 72.6 z 
Japanese citron 77.0 S 74.5 S 9.1 T 53.5 
Rubidoux trifoliate 25.5 T 49.3 19.9 T 31.6 x 
Sampson tangelo 35.2 T 56.3 S 49.4 47.0 
Smooth Flat Seville 52.4 55.4 S 46.4 51.4 
Sunchusha mandarin 51 .9 68.4 S 64 .1 S 61.4 z 
Sunki mandarin 53.6 53.6 63.7 S 57.0 z 
Rough lemon 59.0 S 23.1 T 47.3 43.1 
Treatment x Rootstock LSD {27.0} {27.0} {27.0} 

Treatment mean 48 .3 Y 51 .7 Y 40.1 X 
Treatment LSD [8.1] [8.1] [8.1] Rootstock LSD (15.6) 

([uninoculated· inoculated]/uninoculaled) x 100 (Gabor & Coffey. 1990) 

mosl tolerant (T) cullivars selected according to the Multiple (·distribution lesl (P=O.05), means followed by the same leiter do not differ significantly according to Fisher'S prolected LSD (Hest) 

mosl susceptibte (5) cullivars selecled according to the Mulliple (·distribution lest (P=O.05 ), means (ollowed by Ihe same leiter do not differ Significantly according to Fisher's protecled LSD (r·test) 

d values nol followed by any leiter can be classified as inlermediale in ils response to the palhogen trealment according 10 Ihe Multiple (·distribut ion lesl (P=O.05), and do nol differ significan lly 
according to Fisher's protected LSD (t·lest). this is only where slgnlficanl differences did occur within a treatment 

e means followed by the same leller (X, y,Z between treatments) do not differ significanlly (P=O.05) according to Fishe(s prolected LSD (t·test), best cultivars selected according to the Multiple 
(·dislribution test 

means followed by Ihe same lelter(x,z within roots tock mean) do not differ significantly (P=O .05) according to Fishe(s protected LSD (t·test), ), besl cullivars selecled according to the Mulliple 
(·distribution lest. 
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Table 7: Increase in feeder root length of citrus rootstocks 3 months after inoculation 
with Phytophthora nicotianae and Fusarium solani (1997) 

Rootstock % Increase in feeder root lengtha 

Phytophthora Fusarium Rootstock mean 

Swingle citrumelo -8.0 *0 15.9 * 4.0 
Amblycarpa -31.4 44.0 6.3 xd 

C32-citrange -18.2 -9.4 -13.8z 
Calamandrin -18.2 9.9 -4.1 z 
F80-8 citrumelo -36.0 -0 .8 -18.4z 
Gou Tou SO 31 .8 17.4 24.6 x 
Konejime -42.4 -6 .8 -24.6 z 
Macrophylla 14.3 45.0 29 .7 x 
Milan lemon -17 .5 2.6 -7 .5 z 
Pomeroy trifoliate -28.4 25.1 -1 .6 z 
Rough lemon -12.5 19.1 3.3 
Treatment x Rootstock LSD (36.2) * (36.2) * 

Treatment mean -15.1 yC 14.7 X 
Treatment LSD [10.9} [10.9} Rootstock LSD (25.6) 

Swingle citrumelo 20.7 * -3.3 * 8.7 z 
1113 19.9 1.4 10.6 
Changsha mandarin 6.0 12.0 9.0 z 
Cleopatra mandarin 30.9 38.3 34.6 x 
Jacobsen trifoliate -7.0 -11.0 -9.0 z 
Natsudaidai 35.3 16.8 26.0 x 
Obovoideae 18.8 9.4 14.1 x 
Rusk citrange -13.4 -13.4 -13.4 z 
Shekwasha mandarin 32.6 14.1 23.3 x 
Terra Bella citrange 8.6 -32.4 -11 .9 x 
Rough lemon 46.7 19.8 33 .2 x 
Treatment x Rootstock LSD (34.2) * (34.2) * 

Treatment mean 18.1 X 4.7 Y 
Treatment LSD [10.3} [10.3} Rootstock LSD (24.2) 

Swingle citrumelo 10.7 * -7 .0 * 1.9 * 
1112 24.9 -16.5 4.2 
1116 9.6 -8.1 0.7 
Australian trifoliate 19.9 -22.8 -1.5 
Japanese citron -1 .5 -4.6 -3.0 
Rubidoux trifoliate 14.7 19.5 17.1 
Sampson tangelo 1.0 -34.4 -16.7 
Smooth Flat Seville 4 .0 -28.5 -12.3 
Sunchusha mandarin 5.4 1.4 3.4 
Sunki mandarin -6 .7 25.2 9.2 
Rough lemon 25.0 18.6 21.8 
Treatment x Rootstock LSD (37.9) * (37.9) * 

Treatment mean 9.7 X -5.2 Y 
Treatment LSD [11.4} [11.4} Rootstock LSD (26.8) 

a 

b • 

Feeder roollenglh was delermined by measuring Ihe lenglh of 0.1 g rools. Resulls were expressed as Ihe percenlage increa se in feeder roollenglhs and ca lculaled as follows: ([uninoculaled . 
inoculaledl/uninoculaled) x 100 (Gabor & Coffey, 1990) 
not signi fi canl 

means fol lowed by Ihe same leiter (X, Y,Z belween Irealmenls) do nol differ significanlly (P=D.OS) according 10 Fisher's prolected LSD(H est), best cult ivars were selected accord ing to the Multiple 
I-distribution lest 
means followed by Ihe same letter(x,z wilhin rootslock mean) do not differ significanlly (P=O .OS) according to Fisher's protected LSD (I· test) besl cullivars were selected according to the Multiple 
I-distribution test 
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Table 8: Increase in plant height of citrus rootstocks 3 months after inoculation with 

Phytophthora nicotianae and Fusarium solani and (1997) 

Rootstock 	 % Increase in plant heighe 

Phytophthora Fusarium Rootstock mean 

Swingle citrumelo 3.B 0 7.2 	 5.5 Xi 

Amblycarpa 1.B 4.5 3.2 x 
C32-citrange -6.7 SC 20.6 Td 6.9 x 
Calamandrin -1 .1 15.0 T 7.0 x 
FBO-B citrumelo -13.0 S -7.B S -10Az 
Gou Tou SO 1A 0.1 O.B 
Konejime -6.7 S -6.3 S -6.5 z 
Macrophylla 3A 0.7 2.0 x 
Milan lemon 2.5 6.9 4.7 x 
Pomeroy trifoliate -3.1 0.7 -1.2 
Rough lemon 0.1 0.2 0.2 
Treatment x Rootstock LSD {7.3} {7.3} 

Treatment mean -1.6 ye 3.B X 

Treatment LSD [2.2] [2.2] Rootstock LSD (5.1) 


Swingle citrumelo -B.3 S 2.5 T -2.9 
1113 -14.B S -10.1 S -12Az 
Changsha mandarin -9.9 S -B.B S -9.3 z 
Cleopatra mandarin -7.7 S -8.6 S -B.1 z 
Jacobsen trifoliate 7.3 T 7.4 T 7.7 x 
Natsudaidai -8.9 S 12.7 T 1.9 x 
Obovoideae -3.5 -17.B S -10.7 z 
Rusk citrange -B .9 S -1.2 -5.1 
Shekwasha mandarin -1.1 0.5 -0.3 
Terra Bella citrange -6.3 8.3 T 1.0 x 
Rough lemon -15.3 S -8A S -11.8 z 
Treatment x Rootstock LSD {10.3} {10.3} 

Treatment mean 	 -7.0 Y -2.1 X 
Treatment LSD 	 [3.1] [3.1] Rootstock LSD (7.3) 

Swingle citrumelo 21.9 T 7.7 	 14.8 x 
1112 -2.2 -0.5 -1 A 
1116 9.7 -10A S -0.3 
Australian trifoliate 14.8 T 1.7 8.3 x 
Japanese citron 5.9 1.5 3.7 
Rubidoux trifoliate 16.1 T 1.6 B.9 x 
Sampson tangelo -3.7 -2.9 -3.3 
Smooth Flat Seville -5.8 S -8.6 S -7.2 z 
Sunchusha mandarin -16.0 S 0.1 -8.0 z 
Sunki mandarin -9.6 S -15.3 S -12Az 
Rough lemon -4.3 3.6 -OA 
Treatment x Rootstock LSD {11.1} {11.1} 

Treatment mean 	 2.5 X -2.0 Y 
Treatment LSD 	 [3.4] [3.4] Rootstock LSD (7.9) 

a 	 Increase in plant height was calculated by subtracting the original plant height of the seedlings, from the plant height three monlhs later at termination of the trial. and il was 
expressed as percentage 
values not followed by any letter can be classified as intermediate in its response to Ihe palhogen trealment according to the Multiple I-distribution test (P=O.05). and do not differ 
significantly according to Fisher's protected LSD (t-test) 
most susceptible (S) cuttivars selected according to Ihe Muttiple I-distribution test (P=O.OS). means followed by the same letter do not differ significanlly according to Fisher's 
protected LSD (I-test) 

d 	 most tolerant (T) cuttivars setected according to the Multiple I-distribution test (P=O.OS). means followed by the same letter do not differ significanlly according to Fisher'S prolected 
LSD (I-test) 

e 	 means followed by the same letter (X.Y.Z belween treatments) do not differ significanlly (P=O.OS) according to Fishe~s protected LSD (,-test). best cullivars were selected according 
to Ihe Multiple t-distribution test 
means followed by Ihe same letter (x.z Wllhln roolslock mean) do nol differ signilicanlly (P=O.OS) according to Fisher's prolected LSD (t-Iest), best cullivars were selected according 
to the Multiple I-distribution test . 
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Table 9: Increase in disease severity in citrus rootstocks 3 months after inoculation with Phytophthora 

nicotianae and Fusarium solani (1997) 

Rootstock Increase in Disease severitya 

Phytophthora Fusarium Rootstock mean 

Swingle citrumelo 0.2 TO 0.7 0.4 x' 
Amblycarpa 1.7 c 0.3 T 1.0 
C32-citrange 0.8 0.8 0.8 
Calamandrin 2.3 Sd 1.0 1.7 z 
F80-8 citrumelo 1.8 S 0.8 1.3 z 
Gou Tou SO 1.0 0.8 0.9 
Konejime 1.3 1.5 1.4 z 
Macrophylla 1.5 1.3 1.4 z 
Milan lemon 1.5 0.7 1.1 
Pomeroy trifoliate 0.2 T 0.0 T 0.1 x 
Rough lemon 1.3 0.7 1.0 
Treatment x Rootstock LSD {0.7} {0.7} 

Treatment mean 1.2 ye 0.8 X 
Treatment LSD [0.2] [0.2] Rootstock LSD (0.5) 

Swingle citrumelo 0.5 T 0.2 T 0.3 x 
1113 1.0 1.3 1.2 
Changsha mandarin 1.3 2.0 S 1.7 z 
Cleopatra mandarin 1.5 1.5 1.5 z 
Jacobsen trifoliate 1.3 1.2 1.3 
Natsudaidai 2.3 S 1.0 1.7 z 
Obovoideae 0.8 2.2 S 1.5 z 
Rusk citrange 0.5 T 0.5 T 0.5 x 
Shekwasha mandarin 0.0 T 0.8 0.4 x 
Terra Bella citrange 2.3 S 1.7 S 2.0 z 
Rough lemon 1.3 1.5 1.4 
Treatment x Rootstock LSD {0.7} {0.7} 

Treatment mean 1.2 *g 1.3 * 

Treatment LSD [0.2] * [0.2] * Rootstock LSD (0.5) 

Swingle citrumelo 0.3 T 0.3 T 0.3 x 
1112 1.5 1.7 S 1.6 z 
1116 1.5 0.3 T 0.9 
Australian trifoliate 1.0 0.3 T 0.7 x 
Japanese citron 1.6 S 0.3 T 1.0 
Rubidoux trifoliate 1.3 0.3 T 0.8 
Sampson tangelo 2.2 S 0.8 T 1.5 z 
Smooth Flat Seville 1.3 1.6 S 1.5 z 
Sunchusha mandarin 1.2 0.7 T 0.9 
Sunki mandarin 1.3 0.5 T 0.9 
Rough lemon 1.3 1.2 1.3 
Treatment x Rootstock LSD {0.6} {0.6} 

Treatment mean 1.3 Y 0.7 X 
Treatment LSD [0.2] [0.2] Rootstock LSD (0.4) 

=inoculated· uninoculated. Root rot were scored on a scale of 1 ·4 where 1 - no disease (0·25% of rool syslem rolled): 2 =slighl root rol (26·50% of rool system rolled): 3 = 
moderate root rot (51-75% of root syslem rolted) and 4 =severe roo I rot (76-100% of rool syslem rolled). disease severity index was expressed in relation to disease severity 
index to the uninoculated control 
mosttoleranl (T) cultivars selected according to the Mulliple (·distribution test (P=O .05). means (ollowed by the same leller do not differ significanlly according to Fisher's 
protecled LSD «(-test) 
values not followed by any leller can be classified as intermediate in its response to the palhogen Ireatment according to the Multiple f-distribution test (P=O.05). and do not differ 
significanlly according to Fisher's protected LSD «(-test) 
most susceptible (S) cullivars selected according to the Multiple (-distribution test (P=O.05). means followed by Ihe same leller do not differ significantly according to 
Fisher'S protected LSD «(-test) 

e means followed by the same leller (X.Y.Z between treatments) do nol differ significanlly (P=O.05) according to Fishers protected LSD (I-test), best cultivars were selected 
according to the Multiple (-distribution test 

means followed by the same leller (x.z within rootstock mean) do not differ significanlly (P=O.05) according to Fisher's protected LSD (I-test), best cultivars were selected 
according to the Multiple I-dislribution tesl 

9 • not significant. 
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Table 10: Reduction in root mass of citrus rootstocks 3 months after inoculation with 
Phytophthora nicotianae and Fusarium solani (1997) 

Rootstock % Reduction in root dry massa 

Phytophthora Fusarium Rootstock mean 

Swingle citrumelo 9.6 *D 9.9 * 9.S XC 
Amblycarpa 41.0 34.0 37.5 z 
C32-citrange 7.1 3.6 5.3 x 
Calamandrin 55.6 64 .2 59 .9 z 
FSO-S citrumelo 3.S 13.5 S.7 x 
Gou Tou SO 9.3 14.2 11 .S x 
Konejime 11 .3 7 .S 9.6 x 
Macrophylla 25.0 27.1 26.0 x 
Milan lemon 49.9 10.6 30.2 x 
Pomeroy trifoliate 14.2 11.S 13.0 x 
Rough lemon 51.1 29.1 40 .1 z 
Treatment x Rootstock LSD {33.9} * {33.9} * 

Treatment mean 25.3 * 20.5 * 
TreMment LSD [10.2] * [10.2] * Rootstock LSD (24.0) 

Swingle citrumelo 10 Td 3.3 T 2.2 x 
1113 75.1 e 63.6 69 .3 
Changsha mandarin 21.2 T 21.2 T 21.2 x 
Cleopatra mandarin 54.9 67.4 61.2 
Jacobsen trifoliate 53.2 35.0 44.1 
Natsudaidai 140.0 Sf SO .O 110.0 z 
Obovoideae 5S.3 72 .7 65.5 
Rusk citrange 57.1 2.4 T 29 .S 
Shekwasha mandarin 27 .S T 5.6 T 16.7 x 
Terra Bella citrange 59.7 30 .1 T 44.9 
Rough lemon 63 .3 35.4 49 .3 
Treatment x Rootstock LSD {33.4} {33.4} 

Treatment mean 55.6 y9 37.9 X 

Treatment LSD [10.1] [10.1] Rootstock LSD (23.6) 


Swingle citrumelo -1S.S T 1.5 T -S .7 x 
1112 73.6 S 73.6 S 73.6 z 
1116 55.2 S 12.2 33.7 
Australian trifoliate 57.3 S 41 .6 49.4 
Japanese citron 77.5 S 70 .2 S 73.S 
Rubidoux trifoliate 70.4 S 32.6 51.5 
Sampson tangelo 74.7 S 49.3 62.0 z 
Smooth Flat Seville 61.1 S 33 .3 47.2 
Sunchusha mandarin 21 .1 74.4 S 47.S 
Sunki mandarin 56 .1 S 21 .1 3S.6 
Rough lemon 6S .5 S 9.3 3S .9 
Treatment x Rootstock LSD {24.8} {24.8} 

Treatment mean 54.2 Y 3S.1 X 
Treatment LSD [7.5] [7.5] Rootstock LSD (17.6) 

([uninoculated . inoculated[/un,noculated)x 1OO(Gabor & Coffey, 1990) 

b' not significant 

means followed by the same letter (x,z within rootstock mean) do not differ significantly(P=O.05) according to Fisher's protectedLSD (t-test), best cultivars were selected according
to the Multiple t-distrubution test 
most tolerant (T) cultivars selected according to theMultiple I·distribution test (P =O.05), means followedby the same letter do not differ significantly according to Fisher's protected 
LSD (Hest) 

e values not followedby any tetter can be classi fied as intermediate in its response to the pathogen treatment according to the Multiple t-distribution test (P=O.05 ), and do not differ 
significantlyaccordingto Fisher's protected LSD (I-test) 
most susceptibte (S) ot cultivars selectedaccording to the Multiple t·distribution test (P =O.05), means followed by thesame letter do not differ significantly according to Fi s he~s 
protectedLSD (t-test) 

g means followed by the same letter (X,Y,Z between trea tments) do not di ffer significan tly(P=O .05) according to Fi she~s protected LSD (t-test ), bestcultivars were selected according
to the Multiple t-distrubution test. 
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a (luninoculated· Inoculaled]luninoculaled) x 100 (Gabor & Coffey. 1990) 

b' not Significant 

means followed 
lolhe 

the same leUer (X, Y,Z between treatments) do not differ significantiy (P=O.05) according to Fishe(s protected LSD (t-test), best cultivars were selecled according 
test 

followed by the same lelter do not differ significanlly according to Fisher's protected 

cultivars selected according to the Multiple I-distribution lest (P =0.05). means followed by the same leiter do not differ significantly according to Fisher's 

same letter (x.z within rootstock mean) do not difler significantly (p=O.05) according to Fishe(s protected LSD (t-Iest), best group of cultivars were selected 

letter can be classified as intermediate In its response 10 the pathogen Irealmenl according 10 Ihe Muiliple I-distribution les! (P=O.05). and do not differ 
protected LSD (t-tesl) 

d (T) cuitivars selecled according 10 Ihe Multiple I-distribution test 

e 

I·distribution test. 
9 

Table 11 : Reduction in shoot mass of citrus rootstocks 3 months after inoculation with 
Phytophthora nicotianae and Fusarium solani (1997) 

Amblycarpa 
C32-citrange 
Calamandrin 
F80-8 citrumelo 
Gou Tou SO 
Konejime 
Macrophylla 
Milan lemon 
Pomeroy trifol iate 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Swingle citrumelo 
1113 
Changsha mandarin 
Cleopatra mandarin 
Jacobsen trifoliate 
Natsudaidai 
Obovoideae 
Rusk citrange 
Shekwasha mandarin 
Terra Bella citrange 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
TrAAtmAnt LSD 

citrumelo 
1112 
1116 
Australian trifoliate 
Japanese citron 
Rubidoux trifoliate 
Sampson tangelo 
Smooth Flat Seville 
Sunchusha mandarin 
Sunki mandarin 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Phytophthora Fusarium 

17A 
8.0 

35,0 
9,3 

12.2 
20.7 
16.7 
20.2 
14.8 
26.2 

2} 

17.6 
[10.0] 

12.5 
72.2 
33.8 T 
53.7 S 
53.7 S 
74.6 S 
50A 9 

58.3 S 
41.0 
47. 
50,2 

49.8 Y 

-14A T 
68.2 S 
46.1 
51.6 
59A S 
76.5 S 
68.0 S 
69.2 S 
24.7 
71.5 S 
20.1 

{19.1} 

49.2 Y 

24.8 
1.5 

54.1 
26.5 
26.5 
45.1 
14.6 
36.9 
33.3 
37.2 

{33.2} 

29.6 Y 
[10.0] 

13.1 T 
59.2 
21.6 T 
59.3 S 
32.1 T 
35.7 S 
75.7 S 

5.1 T 
13.2 T 
47. 
29. T 

35.6 X 
RJ 

-27.0 T 
61.2 S 
30.8 
47.5 
64.5 S 
57.5 S 
42.2 
42.9 
69.7 S 
61.6 S 
-2.0 

1} 

40.8 X 

Rootstock LSD 

Rootstock LSD 

Rootstock LSD 

Rootstock mean 

21.1 
4.8 

44.6 
19.9 
19.7 
32.9 
15.6 
28.6 
24.1 
31,7 

" 

12.8 Xf 

65.7 Z 

27.7 x 
56.5 z 
42.9 
55.2 z 
63.0 z 
31.7 x 
27.1 x 
47.1z 
39.7 

(20.7) 

-20.7 x 
64.7 z 
38A 
49.5 
62.0 z 
67.0 z 
55.1 z 
56.1 z 
47.2 
66.6 z 

9.0 

(13.5) 
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CHAPTER 3 


RESPONSE OF CITRUS ROOTSTOCKS TO 

PHYTOPHTHORA NICOTIANAE, FUSARIUM 


SOLANI AND TYLENCHULUS SEMIPENETRANS 


INFECTION UNDER FIELD CONDITIONS 


ABSTRACT 

Eight citrus rootstocks were evaluated in two years for tolerance or susceptibility to 

Phytophthora nicotianae, Fusarium solani and Tylenchulus semipenetrans under 

simulated field conditions. The rootstocks tested were Swingle citrumelo, Carrizo 

citrange, X639 hybrid, Minneola x Trifoliate hybrid, C32-citrange, C35-citrange, 

Benton citrange and Rough lemon . The plants were grown in artificially infested field 

plots and evaluated after seven months. Plant height, disease severity index, feeder 

root length, nematode counts and percentage reduction in root and shoot dry mass were 

used as parameters to measure the tolerance or susceptibility of the rootstocks to the 

different pathogens. Swingle citrumelo and Rough lemon were included in each 

experiment as references representing a tolerant and susceptible rootstock, respectively. 

In the first year, significant differences occurred between the treatments, but not 

between the rootstocks within a treatment. In the second year, no differences occurred 

between the treatments nor between the rootstocks within a treatment. It was not 

possible to determine the best parameter for tolerance or susceptibility. The following 

rootstocks were found to be tolerant: Swingle citrumelo and C35-citrange 

(Phytophthora tolerant), Minneola x Trifoliate hybrid and C35 citrange (Fusarium 
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tolerant) and Swingle citrumelo (nematode tolerant) . C32-citrange was tolerant to all 

three pathogens . Rootstocks that were susceptible were as follows : X639 hybrid , 

Minneola x Trifoliate hybrid (susceptible to Phytophthora), Carrizo citrange and 

Benton citrange (susceptible to Fusarium). Rough lemon showed tolerance to Fusarium 

in 1996, but was susceptible to all the pathogens in 1997. 

INTRODUCTION 

Rootstocks are of great importance in the intensive cultivation of citrus (Wutscher , 

1979) , particularly regarding resistance to pests and diseases (Castle, 1987). 

Phytophthora spp., such as Phytophthora nicotianae Breda de Haan (syn. P. parasitica 

Dastur.) cause some of the most serious diseases of citrus (Timmer & Menge, 1988). 

Citrus rootstocks differ in their tolerance to root and foot rot (Castle, 1987) and can be 

either tolerant, susceptible or intermediate (Agostini et al., 1991) towards Phytophtora 

spp. or other root pathogens. Tolerant rootstocks can offer excellent means of disease 

control against Phytophthora root and foot rot (Carpenter & Furr , 1962; Afek et al. , 

1990). Tolerant rootstocks are also considered an important factor in the control of 

Fusarium solani (Mart.) Appel & Wollenw. (Labuschagne, 1994) . F. solani is a 

pathogen that can cause feeder root rot of citrus by attacking the roots and trunks 

(Labuschagne et al., 1987; Nemec et al. , 1980) as well as dry rot of the lower trunk 

and scaffold roots (Bender & Menge, 1984) . 

Most populations of the citrus nematode, Tylenchulus semipenetrans Cobb , reproduce 

on citrus rootstocks and cause trees to decline in vigour and yield (Niles et al., 1995 ; 

Ferguson et al., 1996). The use of a rootstock resistant to the citrus nematode could be 

an effective, economic and safe method of lowering nematode population densities 

(Verdejo-Lucas et al ., 1997). A substantial degree of resistance to the citrus nematode 
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has been demonstrated in trifoliate orange (Poncirus trifoliata (L.) Raf.) and its 

hybrids (Baines et aI., 1960; Hearn et al., 1974; McCarthy et al., 1979). 

The objective of this study was to evaluate citrus rootstocks that had previously been 

tested in other trials in the greenhouse for their tolerance to P. nicotianae, F. solani and 

T. semipenetrans under field conditions. 

MATERIALS AND METHODS 

Design and preparation of field plots. Fifteen field plots were established at the 

experimental farm of the University of Pretoria. The plots covered a total area of 17 m x 

12.5 m. Each field plot was prepared by excavating a volume of soil (1.5 x 1 x 1 m deep), 

and fitting a rectangular fibreglass sidewall unit into the space. Plots were spaced 2 m 

apart. Each plot was filled with 170 I sandy loam soil. The soil was fumigated with 

methyl bromide (98 % methyl bromide + 2% chloropicrin) at a rate of 150 g 170}"1 soil 

under clear high density polyethylene sheeting (150 /-tm thick) for 48 h and subsequently 

aerated as described by McLean & Kotze (1992). 

One day before planting, 90 g limestone-ammonium-nitrate (LAN) was distributed over 

each plot and mixed into the soil to a depth of 15 cm. The fertiliser was re-applied at the 

same rate every six weeks after planting. 

Treatments. Treatments consisted of each rootstock inoculated with either P. 

nicotianae, F. solani or T. semipenetrans or left uninoculated (control). For the first 

group of rootstocks, four replicate plots were included for each treatment (except for 

the uninoculated control where only three were used). Each plot was planted with three 

plants of each rootstock (five rootstocks per plot), spaced 30 cm apart. For the second 

group of rootstocks, two replicate plots were used. 
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Fungal pathogens. A fresh isolate of P. nicotianae (obtained from infested soil from 

an orchard in the Sundags River Valley, Eastern Cape Province, South Africa) and F. 

solani isolate JFlO [isolated by Strauss (1992) from Rough lemon rootstock (scion Delta 

Valencia sweet orange), Letaba Estates, Northern Province, South Africa] were used. 

Fungal isolates were multiplied on potato-dextrose agar (39 g Biolab™ potato-dextrose 

agar (PDA) fl distilled water. F. solani was maintained as a spore suspension (500 fll / 

vial) in autoclaved silica sand in sealed glass vials. P. nicotianae was stored as 

mycelial discs in sterile distilled water. Both were kept in darkness at room 

temperature (25 +2 ° C). 

Inoculum was prepared as follows: 200 g millet seed in high-density autoclavable 

polyethylene bags (17 cm X 25 cm) was moistured with 100 ml distilled water and 

autoclaved for 20 minutes on two successive days. Ten mycelial discs (6 mm in 

diameter) from seven-day-old F. solani and 14-day-old P. nicotianae cultures were used 

to inoculate the millet seed pouches (Strauss, 1992). Inoculated bags were incubated 

for four weeks at 25°C in the dark. Pouches were regularly kneaded to ensure even 

spread of the fungus . For the Fusarium and Phytophthora treatments, each field plot 

was infested with 600 g of millet seed inoculum, mixed into the soil to a depth of 30 

cm. Control plots received sterile millet seed at the same rate . 

Tylenchulus semipenetrans. Prior to commencement of the experiments, nematode 

popUlations in the soil of the four T. semipenetrans plots were increased over a period of 

six months, by artificially infesting the soil with larvae and eggs and planting the infested 

soil to Rough lemon seedlings. Soil populations of T. semipenetrans were supplemented 

prior to planting by additional inoculum obtained from infected roots of 18-month-old 

Rough lemon rootstocks, which were previously grown in infested nematode micro

plots, as well as from mature trees from the Mooinooi area in the North West Province. 

Eggs of T. semipenetrans were extracted from feeder roots using the egg extraction 

method of Coolen & d'Herde (1972). Egg suspensions were kept for three days at 3°C 

before inoculation. An egg concentration of 2 x 105 eggs 35 mt l water per root system 

was poured around each root system before covering it with soil. 
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At the start of each trial the concentration of larvae present in the soil was determined 

by means of the Baermann tray method (Whitehead & Hemming, 1965). 

Citrus rootstocks. Five different rootstocks were evaluated in 1996 namely Carrizo 

citrange (Poncirus trifoliata (L.) Raf. x Citrus sinensis (L.) Osbeck.), Minneola x 

Trifoliate hybrid [(Citrus paradisi Macf. x Citrus reticulata Blanco) x P. trifoliata], 

X639 hybrid (P. trifoliata x C. reticulata cv. Cleopatra mandarin), Swingle citrumelo 

(P. trifoliata x C. paradisO and Rough lemon (c. jamhhiri Lush.). The one-year-old 

seedlings (not budded) were obtained from H F Ie Roux of Capes pan Citrus Centre in 

Nelspruit. 

In 1997, the following rootstocks were evaluated: C32-citrange (P. trifoliata x C. 

sinensis), C35-citrange (P. trifoliata x C. sinensis) and Benton citrange (P. trifoliata x 

C. sinensis). Swingle citrumelo and Rough lemon were again included as reference 

rootstocks. Seedlings were one year old, budded with Delta Valencia (c. sinensis) 

scion, and were obtained from Komati nursery near Nelspruit. 

The plots (different treatments) were completely randomised. The cultivars within a 

plot were planted in rows that were randomised for each plot. 

Plants were micro-irrigated once a week with borehole water and sprayed every six 

weeks with 5 ml DursbanTM, Efekto (a .i. chlorpyriphos 240 g 1-1) 5 r 1 water to control 

insect pests. 

Prior to each trial, isolations were made from the roots of randomly selected plants (six 

from each cultivar) to determine the presence of any root pathogens. Root segments, 5 

mm in length, were washed in tap water, surface-dis infested for 1 minute in 1.5 % 

sodium hypochlorite and rinsed with sterile distilled water. For the Phytophthora 

isolations, roots were only rinsed in sterile water. The root segments were plated on 

PDA and media selective for Fusarium and Phytophthora, respectively , using ten 

segments per medium per plant. The medium for Fusarium (rose-bengal-glycerine-urea 
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agar) (RbGU» contained 10 g glycerine, 1 g urea, 0.5 g L-alanine, 1 g quintozene 

(Terrachlor, 75% a. i.), 0.5 grose-bengal, 15 g PDA 1 fl distilled water supplemented 

with 50 mg r l streptomycin (Van Wyk et ai., 1986). The medium selective for 

Phytophthora spp . , pimaracin - ampicillin - rifampicin - pentachloronitrobenzene 

hymexazol (PARPH), contained half-strength PDA (20 g 800 mr! distilled water) which 

was supplemented after autoclaving with 100 mg quintozene, 250 mg ampicillin, 10 mg 

rifampicin, 10 mg pimaricin and 0.15 ml (103 ppm) hymexazol (Tachigaren, 70% a. i.) 

added to 200 ml sterile distilled water, dissolved, and added to the half-strength PDA) 

(Jeffers & Martin, 1986). 

Plates were incubated at 25 +2 °C in the dark and observed every day for two weeks for 

fungal growth. Fungi were isolated into pure culture and identified (Nelson et ai., 

1983; Erwin & Ribeiro, 1996) . 

. Evaluation of resistance I tolerance. Both groups of rootstocks were evaluated seven 

months after planting. Plants were carefully removed from the soil and their root 

systems washed under running tap water . 

Plant height was measured from the soil-line to the top of the foliage. In the first year 

plant height that was measured only at termination of the experiment, but in the second 

year increase in plant height was determined. Plant height and increase in plant height 

were expressed in relation to the height of the uninoculated control. 

Root systems were evaluated for visual root rot on a scale of 1 to 4 (l = 0 to 25 % of 

root system showing rot symptoms, 2 = 26 to 50 % of root system showing rot 

symptoms, 3 = 51 to 75 % of root system showing rot symptoms and 4 = 76 to 100 % 

of root system showing rot symptoms). Increase in disease severity was also expressed 

in relation to disease severity index of the uninoculated control. 

Root systems and foliage of plants were weighed after drying for 48 h at 80°C. 

Percentage reduction in root and shoot dry mass was calculated using the following 

formula: ([uninoculated - inoculated]/uninoculated) x 100 (Gabor & Coffey, 1990). 
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In the second trial , feeder root length was also determined. Fresh feeder roots 

weighing 0.1 g per rootstock were measured with a Geotron™ (Model nr. WLMl) 

(Geotron Systems (Pty) Ltd., P.O. Box 2656, Potchefstroom, 2520) root length meter. 

Results were expressed as the percentage increase in feeder root length and calculated 

according to the formula of Gabor & Coffey (1990). It was also expressed in relation 

to the increase in feeder root length of the uninoculated control. 

Randomly-selected root segments from rootstock and treatment (six from each cultivar) 

were used for determination of fungal infection as described earlier. 

Mature female nematodes were counted according to the modified Blender-sieve-colour 

technique of Van der Vegte (1973) to determine the degree of tolerance of the different 

rootstocks towards T. semipenetrans . As much soil as possible was removed from the 

root systems by lightly shaking the roots. Tertiary roots were cut into 2 cm long 

segments. Ten grams of roots per seedling were gently rinsed with tap water on a 

coarse sieve to remove most of the remaining soil particles. Rinsed roots were placed 

in a blender containing 250 ml tap water and homogenised , at a low speed for 60 

seconds. The resultant suspension was poured through three sieves in series, namely 1 

mm mesh (top), 212 ).lm (middle) and 25 flm (bottom). The residue on the top sieve 

was washed thoroughly with tap water. 

The top sieve was removed and the washing process repeated on the middle sieve. The 

residue on the bottom sieve was transferred to a 40 mm diameter 25 ).lm sieve and 

stained for 60 minutes in 0.5 % acid fuchsinllactophenol solution. After staining, the 

sieve was lifted from the staining solution, drained and the contents rinsed under a 

running tap until the filtrate was nearly colourless. The residue was washed into a 250 

ml beaker, and filled up to the 200 ml mark with water. A few drops of 5 % acetic 

acid were added and the suspension was thoroughly mixed with a stream of air bubbles. 

The stained females (10 ml suspension / De Grisse counting dish) were counted under a 

stereo-microscope provided with illumination from below. 
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Analysis of variance (ANOYA) was performed by using the statistical program 

GENSTAT 5 (GENSTAT Committee, 1993). Treatment means and interactions 

between the treatments were compared by means of Fisher's Protected Least Significant 

Difference (LSD) t-test procedure (Snedecor & Cochran, 1967) . At 5% level of 

significance, the best group of rootstocks was designated tolerant (best group, T) and 

the poorest group designated susceptible (poorest group, S) based on the Multiple t

distribution test procedure of Gupta & Panchapakesan (1979) . 

RESULTS 

Before planting no pathogenic fungi could be isolated from the roots of the different 

rootstocks. At termination of the first trial, F. solani and P. nicotianae were isolated at 

a mean rate of 64 % and 77 % from the respective treatments, and at the end of the 

second trail, at 64% and 59% respectively. A low incidence of Fusarium oxysporum 

Schlecht. em. W.e. Snyd . & H .N. Hansen. infection (7% and 10%) was detected. 

Trial 1. At the time of planting, the nematode plots on average contained 150 T. 

semipenetrans larvae 5 g-t soil. The mean numbers of females present in 109 roots at 

the end of the trial were as follows : Rough lemon 325; Swingle citrumelo 31; Minneola 

x Trifoliate hybrid 279; X639 hybrid 74 and Carrizo citrange 69. 

Plant height was affected more severely by F. solani and P. nicotianae than by T. 

semipenetrans (Table 1). However, no differences were evident in the treatment x 

rootstock interaction or between rootstocks. Yisually, the rootstocks were significantly 

more diseased in the nematode treatment than in the Phytophthora or Fusarium 

treatment. T. semipenetrans resulted in the greatest loss in root mass, followed by P. 

nicotianae. Differences in the treatment x rootstock interaction and rootstock means 

were non-significant. T. semipenetrans also had the greatest effect on shoot mass. 

Carrizo citrange and Rough lemon overall showed the greatest reduction in shoot mass. 
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Rootstocks that sustained a low percentage of root loss generally also showed a low 

percentage shoot loss and vice versa. The reference rootstock Swingle citrumelo was 

the least affected by Phytophthora and T. semipenetrans according to all the 

parameters. Rough lemon varied in its response to the different treatments. 

Trial 2. At the time of planting, nematode plots contained an average of 180 T. 

semipenetrans larvae 5 g-I soil. The mean number of females present in 109 roots at 

the end of the trial were as follows: Rough lemon 292; Swingle citrumelo 56; Benton 

citrange 63; C32-citrange 56 and C35-citrange 56. 

With feeder root length as parameter, differences existed between rootstocks but not 

between rootstocks within a treatment (Table 2). Benton citrange showed the smallest 

increase in feeder root length for all the treatments. C32-citrange was the least affected 

by both Phytophthora and Fusarium, while Swingle was the least affected by the 

nematode. With plant height, there were no differences between treatment means. 

However, differences did occur between rootstock means and treatment x rootstock 

interaction means. Swingle citrumelo was the least affected by Phytophthora and T. 

semipenetrans (15.8 and 13 .2% respectively), but it did not differ significantly from 

the other rootstocks according to the rootstock treatment interaction. Rough lemon was 

the least affected by Fusarium (18.6%). Overall, Swingle citrumelo and Rough lemon 

showed the greatest increase in height. C35-citrange (0.3 %) was most susceptible to 

Phytophthora, Benton citrange (-3.2%) most susceptible to Fusarium and Rough lemon 

(-0.4 %) most susceptible to T. semipenetrans. Data on root and shoot mass reductions 

only indicated differences in the rootstock means, with Benton citrange and Rough 

lemon showing the greatest reduction. Some correlation was evident between reduction 

in root and shoot mass in this trial. 
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DISCUSSION 


There are several factors that can influence rootstock resistance, particularly under field 

conditions. According to Menge & Nemec (1997), Hartmann & Nienhaus (1974) 

showed that the resistance meganism of rootstocks could be affected by temperature. 

The time of year, when studies are conducted may have an important effect on the 

results. For example, during the colder months, rootstocks may undergo dormancy, 

and it could have an effect on their resistance, resulting in some becoming more and 

others less resistant than in the warmer months (Tuzcu et ai., 1984). Duncan et al. 

(1993) found that during the summer months, T. semipenetrans was less attracted to the 

roots, mainly because of changes in the carbohydrate concentration and extracts in the 

roots and soil moisture, making it less desirable for the migrating nematodes. 

Susceptibility of the rootstock can also be influenced by the scion variety. Some scion

rootstock combinations are not compatible, which greatly affects the nutrient status of 

the roots (Klotz et ai., 1968). The age of the rootstock also has a significant effect on 

resistance. The younger the rootstock, the more susceptible it is. For example, citrus 

rootstocks are the most sensitive to Phytophthora root rot and gummosis during the first 

two years in the field (Klotz et ai., 1958). The usefulness of some rootstocks resistant 

to T. semipenetrans may also be limited, because of the existence of physiological races 

or biotypes of the nematode (V erdejo-Lucas et ai., 1997). 

The concentration of female nematodes on the fibrous roots of the different rootstocks 

was very low, and therefore not a clear indication of the possible tolerance of the 

rootstocks to the nematode. A possible explanation could be the age of the rootstocks. 

In both trials the rootstocks were very young, and the duration of the experiment 

perhaps to short for the nematode population to increase sufficiently. 

A combination of the above factors could have influenced the tolerance of the 

rootstocks, and it is perhaps one of the reasons why so few significant differences 

occurred. Also, each rootstock needs its own ideal environmental conditions to 

perform at its peak, and it was impossible to suit the need of each one in the field. 
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Responses of the reference rootstocks to the different pathogens were not consistent 

between the two trails. This could be because the rootstocks in the second year were 

grafted with Delta Valencia scion, which can influence the degree of tolerance. 

Nevertheless, root and shoot mass reduction was generally related, which is in 

accordance with the finding of Matheron et al. (1998) that rootstocks that maintain a 

low percentage of root mass reduction, generally experience a low percentage of shoot 

mass reduction. 

In conclusion, the rootstocks that appeared to be the most tolerant were the following: 

Swingle citrumelo and C35-citrange (Phytophthora tolerant), Minneola x Trifoliate 

hybrid and C35-citrange (Fusarium tolerant) and Swingle citrumelo (nematode 

tolerant) . C32-citrange showed tolerance to all three pathogens. Rootstocks that were 

susceptible included the following: X639 hybrid, Minneola x Trifoliate hybrid 

(susceptible to Phytophthora) , Carrizo citrange and Benton citrange (susceptible to 

Fusarium). Rough lemon was found to be tolerant to Fusarium in 1996, but was 

susceptible to all the pathogens in 1997. 
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Table 1: Effect of Phytophthora nicotianae, Fusarium solani and Tylenchulus semipenetrans on citrus rootstocks in artificially infested 
soila in microplots (1996) 

Rootstock Phytophthora Fusarium T. semipenetrans 	 Rootstock mean 

Swingle citrumelo 
Carrizo citrange 
Minneola x Trifoliate hybrid 
X639 hybrid 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Swingle citrumelo 
Carrizo citrange 
Minneola x Trifoliate hybrid 
X639 hybrid 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Swingle citrumelo 
Carrizo citrange 
Minneola x Trifoliate hybrid 
X639 hybrid 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Swingle citrumelo 
Carrizo citrange 
Minneola x Trifoliate hybrid 
X639 hybrid 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

% Plant heightO 

15.1 .c 6.9 • 

5.6 -0.4 
3.0 1.2 
1.8 4.2 
1.8 16.8 

{12.8} {12.8} 

5.5 yd 5.7 Y 
[9.7J [9.7J 

Increase in disease severity e 

0.1 • 0.7 • 

0.8 0.5 
0.5 0.9 
0.9 1.2 
0.7 0.4 

(0.6) (0.6) 

0.6 X 0.7 X 
[0.3J [0.3J 

% Reduction in root dry massQ 

20.9 • 16.3 • 
44.5 19.9 
23.1 0.7 
35.2 17.8 
36.7 107 

{26.2} (26.2) 

32.1 Y 13.1 X 
[11.7J [11.7J 

% Reduction in shoot dry massh 

-6.9 • 15.3 • 
44.8 24.3 

8.3 -6.9 
20.6 15.1 
30.5 12.5 

{33.1} (33.1) 

19.4 X 12.1 X 
[14.8J [14.8J 

51.4 • 

45.3 
25.2 
37.7 
31.6 

(12.8) 

38.2 X 

[9.7J 

1.6 • 

1.9 
2.2 
2.7 
1.4 

{0.6} 

2.0 Y 
[0.3J 

67.7 • 
89.9 
80.6 
83.8 
90.2 

{26.2} 

82.4 Z 
[11.7J 

49.3 • 
84.5 
68.8 
73.0 
84.8 

{33.1} 

72.1 Y 
[14.8J 

Rootstock LSD 

Rootstock LSD 

Rootstock LSD 

Rootstock LSD 

24.4 • 

16.8 
9.8 

14.6 
16.7 

(12.8) 

0.8 x' 
1.1 x 
1.2 
1.6 z 
0.8 x 

(0.3) 

35.0 • 
51.4 
34.8 
45.6 
45.9 

(15.1) 

19.2 x 
51.2 z 
23.4 x 
36.2 x 
42.6 z 

(19.1) 

Micro field plCIS were prepared as described under materials and methods 

b 	 Plant height was calculaled by measuring the length at the end of the Irial and was expressed as a percenlage . II was expressed in relalion to the planllength of the uninoculaled control 

c· 	 not significant 

means followed by the same leller (X.Y.Z between treatmenls) do not differ significantly (P=0 .05) according to Fishers protected LSD (I·test» . the best rootstocks were selecled according 
10 the Multiple t·distribulion test 

e 	 =inoculated· uninoculated. root rot were scored on a scate of 1 ·4 where 1 =no disease (0·25% of root system rolled): 2 =slight root rot (26·50% of root system rotled): 3 = moderate 
root rot (51·75% of root system rolled) and 4 = severe root rot (76·100% of root system rolted) 
means followed by the same leiter (x.z within rootstock mean) do not differ significantly (P=O.05) according to Fishers protectedLSD (t·test) ). the best rootstocks were selected according to 
the Multiple I·distribution test 

g 	 ([uninoculated· inoculated]luninoculated) x 100 (Gabor & Coffey. 1990) 

([un inoculated • inoculatedl/uninoculated) x 100. 
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Table 2: Effect of Phytophthora nicotianae, Fusarium solani and Tylenchulus semipenetrans on citrus rootstocks in artificially infested 
soil" in microplots (1997) 

Rootstock Phytophthora Fusarium T. semipenetrans RootstockD mean 

Swingle citrumelo 
C32-citrange 
C35-citrange 

Benton citrange 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Swingle citrumelo 
CJ2 citrange0 

C35-citrange 
Benton citrange 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Swingle citrumelo 
C32-citrange 
C35-citrange 
Benton citrange 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

Swingle citrumelo 
C32-citrange 
C35-citrange 
Benton citrange 
Rough lemon 
Treatment x Rootstock LSD 

Treatment mean 
Treatment LSD 

% Increase in feeder root lengthC 

24.4 .d 9.6 • 
44.1 12.7 

8.2 7.8 

-22.7 0.0 
10.4 6.9 

{32.0} {32.0} 

12.9 * 7.4 * 
[14.3J [14.3J 

% Increase in plant heightl 

15.8 'fl 9.4 T 
0.03" 4.83 
0.3 S 8.8 T 
6.1 S -3.2 S 
8.2 T 18.6 T 

{11.4} {11.4} 

7.4 * 7.7 * 
[5.1J [5.1J 

% Reduction in root dry massi 

-0.7 • 21.8 * 
-4.2 14.1 
20.3 6.0 
16.3 22.4 
41.2 27.4 

{31 .8} {31 .8} 

14.6 * 18.4 * 
{14.2J [14.2J 

% Reduction in shoot dry massi 

18.5 * 39.9 * 
17.7 17.1 
16.9 23.8 
38.8 26.0 
59.7 35.7 

{31.0} {31.0} 

30.3 * 28.5 * 
[13.9J [13.9J 

47.2 * 
15.9 
30.6 

-13.9 
30.7 

{32.0} 

22.1 * 
[14.3J 

13.2 T 
5.1 S 

9.0 T 
4.0 S 

-0.4 S 
{11.4} 

6.2 * 
[5.1J 

14.5 
8.3 * 

24.4 
26.4 
46.3 

{31.8} 

24.0 * 
[14.2] 

16.1 * 
13.4 
22.7 
39.5 
50.9 

{31.0} 

28.5 * 

[13.9J 

Rootstock LSD 

Rootstock LSD 

Rootstock LSD 

Rootstock LSD 

27.1 x· 
24.2 x 
15.5 x 

-12.2 z 
16.0 x 

(18.5) 

12.8 X 

5.5 Z 

6.0 z 
2.3 z 
8.8 x 

(6.6) 

11.9 x 
6.1 x 

16.9 x 
21.7 z 
38.3 x 

(18.4) 

24.8 x 
16.1 x 
21.1 x 
34.8 z 
48.8 z 

(17. 9) 

Micro field plots were prepared as described under materiats and methods 

rootstocks in this trait were grafted with Delta Valencia scion 

feeder root length was determined by measuring the length of 0.1 g rools . Results were expressed as the percentage increase in feeder root lengths and calculated as follows: 
([uninoculated - inoculatedj/uninoculated) x 100 (Gabor & Coffey. 1990) 

d • not significant 

e means followed by the same lelter(x.z within rootstock mean) do not differ Significantly (P=O.05) according to Fishe(s protected LSD (t-test). the best rootstocks were selected according 
10 the Multiple l-distnbution tesl 

increase In plant height was calculated by subtracting the original plant length of the roolstocks. from the plant lengths seven months later at termination of the trial. and it was expressed 
in percentage. It was expressed In relation to the plant length of the uninoculated control 

9 most tolerant (T) cuilivars selected according to the Multiple I-distribution test (P = 0.05). means followed by the same leller do not differ significantly according to Fisher's prolected 
LSD (t-test) 

most susceptible (S) cullivars selected according to the Multiple I-distribution tesl (P=O.05) means followed by the same leller do not differ signlficanlly according to Fisher's protected 

LSD (Hest) 


([uninoculated - inocutatedJluntnoculated) x 100 


(!uninoculated - inoculatedl/uninoculated) x 100. 
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CHAPTER 4 


ROOT REGENERATION RATE OF CITRUS 

ROOTSTOCKS UNDER GREENHOUSE 

CONDITIONS 

ABSTRACT 

Thirty different citrus rootstocks , varymg m tolerance to fibrous root rot were 

evaluated for their ability to regenerate roots. One half of each rootstock's root system 

was removed longitudinally and the pruned rootstock planted in steam-pasteurised soil. 

Control plants were not subjected to root pruning . The plants were maintained for four 

weeks (first year) and eight weeks (second year), respectively, in the greenhouse. Root 

mass was recorded and the root growth potential of each rootstock was calculated. 

Rough lemon and Swingle citrumelo were used as reference rootstocks. The rootstocks 

were classified as either vigorous or non-vigorous according to their root growth 

potential. Pomeroy trifoliate, Swingle citrumelo, Terra Bella citrange, Cleopatra 

mandarin, Rusk citrange and 1113 were all vigorous in their growth . Macrophylla, 

C32-citrange, Obovoideae, Shekwasha mandarin, Australian trifoliate, Japanese citron 

and Rubidoux trifoliate were all non-vigorous. No consistent correlation was evident 

between root regeneration capacity and resistance to root pathogens . Root regeneration 

rate is therefore not a reliable parameter for screening tolerance in citrus rootstocks. 

 
 
 



6i 

INTRODUCTION 


Citrus root rot is a complex disease that affects all aspects of citrus production 

throughout the world (Menge & Nemec, 1997). Different fungi and nematodes 

contribute to the disease complex. 

Phytophthora nicotianae Breda de Haan (syn. P. parasitica Dastur) causes losses due to 

rotting of roots and crown tissue in nurseries. It also causes foot rot (injury to the bark 

on the trunk or roots near the ground level) and fibrous root rot in orchards (Timmer & 

Menge, 1988) . With fibrous root rot, the fleshy, non-woody feeder roots are attacked, 

rotted and, in the advanced stages, virtually destroyed. This eventually results in a 

slow decline in tree growth (Menge & Nemec , 1997) during which fruit size and yield 

may be dramatically reduced (Timmer & Menge, 1988). 

Fusarium solani (Mart.) Appel & Wollenw. is the predominant fungus isolated from 

roots and rhizospere soil of citrus (Nemec & Zablotowicz, 1981; Graham et al., 1985 ; 

Labuschagne et al., 1987; Dandurand & Menge, 1993). This fungus can cause feeder 

root rot of citrus (Nemec & Zablotowicz, 1981; Strauss & Labuschagne, 1995) , as well 

as dry rot of crowns and scaffold roots (Bender & Menge, 1984) and is a major limiting 

factor in the productivity of citrus (Labuschagne, 1994). F. solani varies in 

pathogenicity from non-pathogenic to severely pathogenic. The disease is aggravated 

by conditions that cause stress in the plant, for example waterlogging due to over

irrigation or poor drainage (Labuschagne, 1994). 

The use of tolerant rootstocks is one of the best options for control of root pathogens 

(Agostini et aI., 1991) . Several methods to evaluate resistance of citrus rootstocks to 

root pathogens have previously been described (Afek et al . , 1990). Resistance was 

assessed by means of the percentage seedlings surviving after being dipped in a 

Phytophthora zoospore suspension and planted in artificially infested media (Klotz et 
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al., 1958; Carpenter & Furr, 1962). Grimm & Hutchison (1973) and Tsao & Garber 

(1960) determined the percentage visual root rot of rootstocks grown for five to six 

weeks in artificially infested media. Klotz & De Wolfe (1965) used a colourant (2,3,5

triphenyl-2H-tetrazolium chloride (TTC» which stains live tissue thereby indicating the 

percentage live roots. Grimm & Hutchison (1973) inoculated one-year-old seedlings 

with Phytophthora at the bark just above the soil line, and evaluated them after 6-8 

weeks for resistance to Phytophthora infection. 

Root growth potential or the ability to regenerate roots may also be a useful parameter 

in assessing differences in tolerance between rootstocks (Graham, 1995). The objective 

of this study was to determine the root regeneration rate of citrus rootstocks with the 

aim of correlating this capacity with their tolerance to F. solani and P. nicotianae. 

MATERIALS AND METHODS 

Citrus rootstocks. Thirty different rootstocks (Table 1), three months of age, were 

obtained from H F Ie Roux of Capespan Citrus Centre in Nelspruit. The seedlings 

were transplanted into 44 x 20 x 190 cm asbestos pots containing a stearn pasteurised 

mixture of sand/peat/soil (1: 1: 1 v/v). Plants were maintained at 15 +2°C during night 

and 27 +2 °C during day in a greenhouse and were watered three times a week with 

distilled water . Every six weeks the plants were alternately sprayed with 5 ml 

rlDursbanTM, Efekto (a.i. chlorpyriphos 240 g-I) 5 water and 200 ml Red 

SpiderspreyTM, Wonder (a.i. amitraz 200 g-I ), 100 1-1 water and fertilised with 10 g 

Chemicult™, Kompel (macro-elements: 6.5% N, 2.7% P, 13.0% K, 7.0% Ca, 2.2% 

Mg, 7.5% S; micro-elements: 0.15% Fe, 0.024% Mn, 0.024% B, 0.005% Zn, 0.002% 

Cu, 0.001 % Mo) 5 rl water. 

The rootstocks were evaluated in three groups of approximately ten rootstocks each, at 

monthly intervals in 1996. The experiment was repeated in 1997 with rootstocks that 
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were between 15 and 17 months old. Orlando tangelo and Sampson tangelo were 

unavailable the second year. Swingle citrumelo was included as tolerant control and 

Rough lemon as susceptible control in all groups. 

Disease status of rootstocks at the start of each trial. Roots were randomly selected 

from rootstocks to determine the presence of any root pathogens before each trial was 

planted. Root segments (5 mm in length) of six replicate plants per cultivar were 

washed and surface-disinfested for 1 minute in 1.5 % sodium hypochlorite solution and 

subsequently rinsed with sterile distilled water. The root segments (ten per medium) 

were plated onto potato-dextrose agar (PDA) and rose-bengal-glycerine-urea agar 

selective for Fusarium, (10 g glycerine, 1 g urea, 0.5 g L-alanine, 1 g quintozene 

(Terrachlor™, 75 % a . i.), 0.5 grose-bengal, 15 g Biolab™ PDA tl distilled water 

supplemented with 50 mg 1-1 streptomycin) (RbGU) (Van Wyk et al., 1986). 

Some root segments were only washed and then rinsed in sterile distilled water. These 

segments were plated (10 per medium) onto media selective for Phytophthora spp. 

[pimaracin -ampicill in-ri fampicin -pentachloroni trobenzene-hymexazo 1 (P ARPH) (half

strength PDA (20 g Biolab™ PDA 800 mt l distilled water), supplemented after 

autoclaving with a solution consisting of 100 mg quintozene, 250 mg ampicillin, 10 mg 

rifampicin, 10 mg pimaricin and 0,15 ml (103 ppm) hymexazol (TachigarenTM, 70% a. 

i.) added to 200 rnl sterile distilled water (Jeffers & Martin, 1986)]. 

Plates were incubated at room temperature (25 +2°C) in the dark and observed 

regularly over a two-week period for any fungal growth. Sub-cultures of all fungal 

colonies were made and the fungi identified (Nelson et aI., 1983; Erwin & Ribeiro, 

1996). 

Comparison of root regeneration potential. Plants were removed from the pots with 

the least root / soil disturbance as described by Kellam & Coffey (1985). One half of 

the root-soil mass of each seedling was bisected longitudinally with pruning shears and 

the half not attached to the stem was removed. The pruned seedlings were then 

transplanted into 1.5 1 pots filled with steam-pasteurised sand/peat/soil (1: 1: 1 v/v) 
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mixture . Control plants were not subjected to root pruning. Each rootstock 

treatment consisted of seven replicate plants, and were completely randomised in 

blocks. Plants were maintained at 15+2°C during night and 27+2°C during day in a 

greenhouse . The plants were watered three times a week with distilled water. 

After four weeks (1996) and eight weeks (1997) the plants were carefully removed 

from the soil and their root systems washed under running tap water. The root mass of 

each seedling was determined after drying for 48 h at 80°C. Percentage reduction in 

root dry mass was calculated using the formula described by Gabor & Coffey (1990): 

([control root system - pruned root system]/control root system) x 100. 

Analysis of variance (ANOV A) was performed using the statistical program GENST A T 

5 (GENST A T Committee, 1993). Treatment means and interactions between the 

treatments were compared by Fisher's Protected Least Significant Difference (LSD) t

test procedure (Snedecor & Cochran, 1967). The best group of rootstocks at the 5% 

level was assigned to be vigorous (best group, V) and the poorest group to be non

vigorous (poorest group, N) according to the Multiple t-distribution test procedure of 

Gupta & Panchapakesan (1979) . 

RESULTS 

Before planting, no potentially pathogenic fungi could be isolated from the roots of the 

different rootstocks . 

Reduction in root dry mass of the three-, four- and five-month-old rootstocks ranged 

from 0 to 72 .9%, 22 .2 to 71.9 % and 16.7 to 71.0% respectively (Table 2). In the 

following year, reduction in root dry mass of the fifteen-, sixteen, -and seventeen

month-old rootstocks ranged from -5.8 to 72 .6%, 1.2 to 59% and 36 .2 to 88% 

respectively . No significant differences were evident in the 3- and 16- month-old 

rootstocks . Swingle citrumelo had a high root growth potential in all the trails. Rough 
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lemon on the other hand, varied from a poor root growth potential in the first year to 

a far better potential in the second year. Most of the rootstocks showed a greater root 

regeneration rate in the older seedlings. Rootstocks that had a good root regeneration 

potential in both years were Pomeroy trifoliate, Swingle citrumelo, Terra Bella 

citrange, Cleopatra mandarin, Rusk citrange and 1113. Rootstocks with poor root 

regeneration abilities in both years were Macrophylla, C32-citrange, Obovoideae, 

Shekwasha mandarin, Australian trifoliate, Japanese citron and Rubidoux trifoliate. 

DISCUSSION 

Root regeneration commonly begins within a few days after infection of the original 

root system by a pathogen. New roots are usually formed from the taproot and live 

tissue of other roots at varying rates in different species and varieties. Within two 

weeks after infection, some new roots can be observed (Carpenter & Furr, 1962). 

According to Graham (1995), tolerance of rootstocks can be identified as the capability 

to regenerate fibrous roots in greenhouse and field soils infested with a particular root 

pathogen. In other words, a rootstock would be identified as tolerant when it exhibits a 

greater ability to regenerate roots than a more susceptible rootstock. 

Swingle citrumelo, one of the reference rootstocks, had a high root growth potential in 

all the trials. It is known as highly tolerant to Tylenchulus semipenetrans Cobb. and 

Phytophthora spp. (Castle, 1987) Swingle citrumelo is not immune to infection as its 

roots support populations of Phytophthora (Graham, 1990). It does, however, have the 

ability to develop new roots subtending infected root tips (Graham, 1990). The 

resistance factors that limit infection to the root tip are not known, but it may relate to 

phytoalexins found in woody tissue of citrus infected with, for instance, P. citrophthora 

(R.E. Sm. & E .H. Sm.) Leonian (Afek & Sztejnberg, 1988). Root regeneration ability 

of Rough lemon, the other reference rootstock, varied from high and low. Rough 

lemon is known to be susceptible to root infection by Phytophthora, Fusarium and 

nematodes (Castle, 1987; Menge, 1988; Rabe & Von Broembsen, 1991). 

 
 
 



66 

For some rootstocks, a correlation existed between root regeneration ability and 

degree of tolerance to the different pathogens. Pomeroy trifoliate, Swingle citrumelo, 

Terra Bella citrange and Rusk citrange all had a high root growth potential, and were 

also found to be tolerant to Fusarium and Phytophthora in Chapter 2. Japanese citron 

had poor root regeneration ability and also showed susceptibility to Phytophthora. For 

the remaining rootstocks there was no correlation between root regeneration and 

tolerance to root pathogens. 

Some authors consider root growth potential as an indication of tolerance to root 

pathogens (Kellam & Coffey, 1985; Blaker & McDonald, 1986; Graham, 1990; 

Graham, 1995). It was, however, noted by Graham (1995) that the capacity of a 

rootstock to regenerate roots in the presence of a pathogen is not necessarily related to 

the potential rate of root growth in the absence of the pathogen . For example, trifoliate 

orange had a low inherent root regeneration potential, but in the presence of a pathogen 

exhibited a greater ability to regenerate roots. Tolerance could therefore be more 

related to biochemical resistance (Afek & Stejnberg, 1988; Graham, 1995). 

Most of the rootstocks showed a greater ability to regenerate roots in the second year, 

possibly because the rootstocks used in the second year were older and grown for a 

longer period of time before being evaluated. 

Several factors can also influence the root regeneration potential of a rootstock. 

Environmental variables such as temperature can have a significant effect on root 

growth potential (Graham, 1995). Certain rootstocks loose the ability to regenerate 

roots in colder conditions, but regain it again when temperature increases (Graham, 

1995). A low oxygen supply and high water content in soils will also inhibit growth 

and regeneration of roots (Stolzy et al., 1965). 

Root regeneration ability cannot be used as a reliable parameter for tolerance of a 

rootstock, because there is no direct correlation between root regeneration and 

resistance to certain root pathogens. Some rootstocks may have a great ability to 

regenerate roots after fibrous root damage, but can still be affected by the pathogen, 

particularly when environmental conditions favour disease. 
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Table 1: Citrus rootstocks evaluated for their root regeneration ability in the greenhouse 

GENUS AND SPECIES CULTIVAR 
C. aurantium L. 
C. depressa Hayata 
C. jambhiri Lush. 
C. limon (L.) Burm.f. 
C. limonia Osbeck 
C. macrophylla Wester 
C. natsudaidai Hayata 
C. obovoidea Hort. ex Takahashi 
C. paradisi Macfady. x C. reticulata Blanco 
C. paradisi x C. reticulata 
C. reticulata 
C. reticulata 
C. reticulata 
C. sunki Hort. ex Tan 
Poncirus trifoliata (L.) Raf. var. monstrosa (T. Ito.) Swing x C. 
sunki 
P. trifoliata 

P. trifoliata 

P. trifoliata 

P. trifoliata 

P. trifoliata var. monstrosa Swing x C. sunki 

P. trifoliata var. monstrosa Swing x C. sunki 

Poncirus trifoliata x Citrus paradisi 

P. trifoliata. x C. paradisi. 

P. trifoliata x C. sinensis 

P. trifoliata x C. sinensis 

P. trifoliata x C. sinensis 
Unknown - perhaps a C. aurantium hybrid 
Unknown parentage 
Unknown parentage, probably from the Philippines 
Unknown parentage 

Gou Tou SO 
Shekwasha mandarin 
Rough lemon 
Milan lemon 
Japanese citron 
Macrophylla 
Natsudaidai 
Obovoideae 
Orlando tangelo 
Sampson tangelo 
Changsha mandarin 
Cleopatra mandarin 
Sunchusha mandarin 
Sunki mandarin 

1112 
Pomeroy trifoliate 
Australian trifoliate 
Jacobsen trifoliate 

Rubidoux trifoliate 

1116 

1113 

F80-8 citrumelo 
Swingle citrumelo 
C3 2-ci trange 

Rusk citrange 
Terra Bella citrange 
Smooth Flat Seville 
Amblycarpa 
Calamandrin 
Konejime 
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Table 2: Root regeneration ability of citrus rootstocks four (1996) and eight (1997) weeks after 50% 
of their roots have been pruned off 

% Reduction in root dry massa 

Rootstock 1996 1997 

Swingle citrumelo 
Rough lemon 
Pomeroy trifoliate 
F80-8 citrumelo 
Calamandrin 
Amblycarpa 
Milan lemon 
Gou Tou SO 
Konejime 
Macrophylla 
C32-citrange 
Orlando tangelo 

Treatment x Rootstock LSD 

1113 
Natsudaidai 
Swingle citrumelo 
Terra Bella citrange 
Cleopatra mandarin 
Rusk citrange 
Jacobsen trifoliate 
Rough lemon 
Obovoideae 
Changsha mandarin 
Shekwasha mandarin 

Treatment x Rootstock LSD 

Swingle citrumelo 
Sampson tangelo 
1116 
Smooth Flat Seville 
1112 
Sunki mandarin 
Australian trifoliate 
Rough lemon 
Sunchusha mandarin 
Japanese citron 
Rubidoux trifoliate 

Treatment x Rootstock LSD 

Three- month old rootstocks 
33.8 *b 

54.5 
20.0 
41 .7 
44.4 
10.3 
28.3 
29.2 

0.0 
43.3 
52.4 
72.9 

(37.9) 

Four-month old rootstocks 
22.2 V 
27.7 V 
33.8 V 
38.3 V 
41.7 V 
45.0 V 
45.8 V 
54.5 N 
59.5 N 
64.0 N 
71.9 N 

(24.4) 

Five-month old rootstocks 
33.8 V 
38.0V 
16.7 V 
26.4 V 
42.0 e 

45.7 
64.6 N 
54.5 N 
71 .0 N 
55.6 N 
58.8 N 

(24.5) 

Fifteen-month old rootstocks 
-5.8 VC 

3.2 V 
3.4 V 
5.5 V 

10.9 V 
34.1 Nd 

42.6 N 
50.2 N 
67.2 N 
69.9 N 
72.6 N 

(39.3) 

Sixteen-month old rootstocks 
29.1 * 

44.0 
1.2 

23.9 
32.9 
33.2 
47 .0 
25.6 
33 .8 

5.8 
59.1 

(51 .5) 

Seventeen-month old rootstocks 
38.7 V 

83.2 N 
72 .8 N 
35.0 V 
60.2 
60.3 
36.2 V 
46.3 V 
88 .0 N 
72 .8 N 

(20.0) 
(iunpruned - prunedJ/unpruned) x 100 

b • nol significanl 

d 

e 

most vigorous (V) cultivars selected according to the Multiple I-distribution test (P=O.05), mea ns fo llowed by the same letter do not differ significanlly according to Fisher's 
protected LSD (I-test) 
most non-vigorous (N) cultivars selected according 10 the Muttipte I-distribution test (P=O.05), means fOllowed by the sam e letter do not differ Significantly according to 
Fisher's protected LSD (I-test) 
vatues not followed by any letter can be classified as intermedia te in its response to the treatment according to th e Multiple t-distribution test (P=0.05) and do not differ 
Signi fi cantly according to Fisher's protected LSD (Hest), th is is on ly where significant differences did occur within a treatment. 
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CHAPTER 5 


GENERAL DISCUSSION 

Rootstock selection is a major consideration in every citrus growing operation (Davies 

& Albrigo, 1994) because it contributes to sustainability by providing disease resistance 

and long-term horticultural benefits for citrus production (Niles et al., 1995). 

The orange subfamily, Aurantioideae, in the Rutaceae, comprises 33 genera of which 

only three, Citrus, Poncirus (trifoliate orange) and FortuneLLa (kumquat), have been 

significant sources of citrus rootstocks or scions (Castle, 1987). Phytophthora foot rot 

and tristeza were the main stimuli to put more focus on rootstocks (Castle, 1987). 

Rootstock research in its infant stages involved only a few rootstocks namely Rough 

lemon (Citrus jambhiri Lush.), sour orange (c. aurantium L.), trifoliate orange (P. 

trifoLiata [L.] Raf.), sweet orange (c. sinensis [L.] Osb.) and occasionally grapefruit 

(c. paradisi Macf.) or Cleopatra mandarin (c. reticulata Blanco), but because of 

tristeza, germplasm collections were established and breeding efforts intensified 

(Castle, 1987). 

More than 20 horticultural characteristics can influence rootstock behaviour, e.g. tree 

vigour and size, depth of rooting, freeze tolerance, adaptation to soil conditions such as 

high salinity and pH or excess water, resistance or tolerance to nematodes and diseases 

like Phytophthora root and foot rot and citrus blight, fruit yield, size, texture, internal 

quality and maturity date (Castle, 1987; Davies & Albrigo, 1994). Although citrus 

producers often consider rootstocks only in terms of their yield, horticultural 

performance in the nursery remains the first, most important hurdle a potential 

rootstock must overcome to be successful (Matheron et al., 1998). The rootstock 

should be vigorous, exhibit minimal branching and be adaptable to the prevalent soil 

type (Matheron et al., 1998). 
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Profitable citriculture is highly dependent upon rootstock resistance to pests and 

diseases (Castle, 1987). Resistance can play a critical role in integrated disease 

management approaches (Matheron et aI., 1998) and can offer excellent means of 

reducing damage caused by root pathogens such as Phytophthora nicotianae Breda de 

Haan (syn. P. parasitica Dastur) (Graham, 1995), Tylenchulus semipenetrans Cobb. 

(Niles et al., 1995) and Fusarium solani (Mart.) Appel & Wollenw. (Menge, 1988). 

In the present study various citrus rootstocks were firstly evaluated in the greenhouse 

against the above root pathogens (Table 1). Different parameters were used to 

determine the degree of tolerance or susceptibility of the rootstocks. Subsequently, 

some of the rootstocks that were found to be tolerant in the greenhouse were evaluated 

in the field . Many of the newer rootstocks, which showed tolerance to the different 

pathogens, must still undergo intensive field evaluation. Rootstock breeding and field 

testing are time-consuming processes, often requiring 20 years or more before new 

rootstocks can be released (Davies & Albrigo, 1994). 

Rootstocks evaluated in the present study were more severely affected by P. nicotianae 

than by F. solani or a combination of the two pathogens. The relatively low severity of 

the combination treatment could possibly be ascribed to the protective effect of F. 

solani against P. nicotianae (Strauss & Labuschagne, 1994). 

Some rootstocks were found to be more vigorous in their growth than others. The 

physiological status of a plant (e.g. age, nutrition, succulence, vigour, maturity of the 

growth flush, etc .) is important in the evaluation of tolerance (Broadbent & Gollnow, 

1993). It was also noted that plants stressed by adverse soil conditions such as drought 

(Duniway, 1977), waterlogging (Stolzy et al., 1965) or salinity (Blaker & McDonald, 

1986) are more susceptible to Phytophthora root rot. 

Differences occurred between the rootstock x treatment interaction and it was possible 

to rate the rootstocks as tolerant or susceptible to the different treatments. Rootstocks 

that were the most tolerant overall were Australian trifoliate and Shekwasha mandarin 
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(both Phytophthora tolerant) and Natsudaidai, Terra Bella citrange, Jacobsen 

trifoliate, Rusk citrange, Shekwasha mandarin and Pomeroy trifoliate (all Fusarium 

tolerant). Swingle citrumelo was tolerant to both F. soiani and P. nicotianae. The 

above rootstocks were the most consistent over the two years according to the most 

reliable parameters . 

Increase in plant height and reduction in shoot mass appeared to be the most reliable 

parameters for indicating tolerance or susceptibility. Some correlation also existed 

between reduction in root and shoot mass, which agrees with the findings of Matheron 

et ai. (1998). Increase in feeder root length was not a reliable parameter. This could 

be attributed to root loss occurring during the process of harvesting and washing of the 

root system. 

In the field experiments (Table 1), significant differences between treatments occurred 

in 1996 but not in 1997. The greatest effect was observed with T. semipenetrans for all 

the parameters, except plant height. Rootstocks that proved to be the most tolerant 

were the following: Swingle citrumelo and C35-citrange (Phytophthora tolerant), 

Minneola x Trifoliate hybrid and C35-citrange (Fusarium tolerant) and Swingle 

citrumelo (nematode tolerant). C32-citrange was tolerant to all three pathogens. 

Rootstocks that were found to be susceptible were the following: X639 hybrid, 

Minneola x Trifoliate hybrid (susceptible to Phytophthora) , Carrizo citrange and 

Benton citrange (susceptible to Fusarium). Rough lemon was tolerant to Fusarium in 

1996, but showed susceptibility to all the pathogens in 1997. Again, differences in 

vigour of growth of the different rootstocks were noted, and this could playa definite 

role in the tolerance of the rootstocks to the pathogens (Matheron et ai., 1998). Other 

factors that can also strongly influence rootstock resistance, especially in the field, are 

temperature (Menge & Nemec, 1997), scion variety (Klotz et ai., 1968), age of 

rootstock (Klotz et ai., 1958), the existence of physiological races or biotypes of T. 

semipenetrans (Verdejo-Lucas, 1997), nutrient status and succulence of the infected 

rootstock, soil characteristics and moisture levels (Matheron et ai., 1998). 
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Blaker & MacDonald (1986) and Graham (1990, 1995a) demonstrated that tolerant 

rootstocks produce new roots more rapidly than less tolerant rootstocks. Graham 

(1995b) defined tolerance as the capability of rootstocks to regenerate fibrous roots in 

the presence of root pathogens. In the present study some correlation existed between 

the root growth potential of rootstocks although this was not consistent throughout the 

study . Most of the rootstocks had a greater ability to regenerate roots in the second 

year, probably because these seedlings were 12 months older. Graham (1990) also 

noted that younger citrus seedlings are more susceptible to infections than older 

seedlings. Kellam & Coffey (1985) found in avocado (Persea americana Mill.) 

rootstocks that root growth potential, in the absence of a root pathogen, can be a useful 

parameter for the quantitative comparison of resistance to Phytophthora infections . 

However, Graham (1995b) indicated that the capacity of citrus rootstocks to regenerate 

roots in the presence of a pathogen is not necessarily related to their root growth rates 

in the absence of a pathogen . There was a correlation between the root regeneration 

ability and tolerance to pathogens for Pomeroy trifoliate, Swingle citrumelo, Terra 

Bella citrange, Rusk citrange and Japanese citron in the present study, but not for the 

other rootstocks . 

The response of the different citrus rootstocks was compared with findings in the 

literature (Tables 2, 3 and 4). For most of the rootstocks, the findings in this study and 

from the literature were consistent, but for some, it was contradictory . There are 

several possible explanations. Firstly , susceptibility or resistance to gummosis (bark 

infection) is usually assumed to be applied to root rot as well. The rootstocks must be 

evaluated for root rot and gummosis , because it has been demonstrated that resistance 

to root rot is generally less than to bark infection (Furr & Carpenter, 1961; Grimm & 

Hutchison, 1973; Matheron et at. , 1998). Secondly, susceptibility or resitance to 

different Phytophthora spp. can vary (Matheron et at., 1998). 

Thirdly, the development of root rot can be influenced by several variables (as 

discussed above) in addition to the innate resistance of the citrus host (Matheron et at., 
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1998). Finally, different selections of several Citrus spp. and citrus hybrids could 

display markedly different levels of resistance to colonisation by the pathogens . 

Significant variation in resistance among selections of sour orange and trifoliate orange 

to colonisation by P. citrophthora (R.E. Sm. & E.H. Sm.) Leonian has been reported 

(Matheron et al., 1998). 

Citriculture is a dynamic industry. New diseases such as blight appear. The need for 

new rootstocks can arise quickly. Urbanisation often shifts agriculture to poorer land 

with less water and of poorer quality. Industrial expansion in areas throughout the 

world has resulted in citrus being established in soils less suitable for available 

rootstocks. These events accentuate deficiencies in existing rootstocks (Castle , 1987). 

The ideal rootstock would be one that has a pest and disease resistance system, is 

compatible with scions producing an abundance of high-quality fruit, and shows 

adaptability to a multitude of soil and climatic conditions (Rabe & Von Broembsen, 

1991). Such rootstocks do not presently exist. Rootstock evaluation is a slow and 

tedious process, and therefore a continuous activity. 

LITERATURE CITED 

AFEK, U., SZTE1NBERG, A. & SOLEL, Z. 1990. A rapid method for 

evaluating citrus seedlings for resistance to foot rot causd by 

Phytophthora citrophthora. Plant Disease 74: 66-68. 

BLAKER, N.S. & MACDONALD, 1.D. 1986. The role of salinity in the 

development of Phytophthora root rot of citrus. Phytopathology 76:970

975. 

BROADBENT, P. & GOLLNOW, B.I. 1992. Selecting disease-resistant citrus 

rootstocks. Australian journal of experimental agriculture 33: 775-780. 

 
 
 



78 

BROADBENT, P. & GOLLNOW, B.I. 1993. Selecting disease tolerant 

citrus rootstocks for Australia. Pages 758-764 in: Proceedings of the 

Seventh InternationaL Society of Citriculture, Acireale, Italy, 8-13 

March. 

CARPENTER, J.B.& FURR, J.R. 1962. Evaluation of tolerance to root rot 

caused by Phytophthora parasitica In seedlings of citrus and related 

genera. PhytopathoLogy 52:1277-1285. 

CASTLE, W.S . 1987. Citrus rootstocks. Pages 361-399 in: Rootstocks for 

fruit crops. R.C. Rom & R.F. Carlson (eds.). J. Wiley & Sons, New 

York. 

COPELAND, R. 1988. What works and what doesn't - picking rootstocks for 

citrus tields. CaLifornia Grower 12:9-11. 

DAVIES, F.S . & ALBRIGO , L.G. 1994. Citrus-Crop production science in 

horticulture. Cab international, Town bridge, Wallingford, UK, pp 254 . 

DUNCAN, L.W., INSERRA, R.N., O'BANNON, J .H. & EL-MORSHEDY, 

M. M. 1994. Reproduction of a Florida population of TyLenchuLus 

semipenetrans on resistant citrus rootstocks. PLant Disease 78: 1067

1071 . 

D UNIW A Y, J . M. 1977. Predisposing effect of waterstress on the severity of 

Phytophthora root rot in safflower. PhytopathoLogy 67: 884-889. 

FURR, J.H. & CARPENTER, J.B. 1961. Program for breeding citrus 

rootstocks tolerant to Phytophthora root rot. Proceedings of the FLorida 

State Horticulture Society 74: 18-23. 

 
 
 



79 

GRAHAM , J .H. 1990. Evaluations of tolerance of citrus rootstocks to 

Phytophthora root rot in chlamydospore infested soil. Plant Disease 

74:743 -746 . 

GRAHAM , J .H. 1995a. Screening for rootstock tolerance to Phytophthora: 

progress and prospects. Citrus Industry 5: 18-21. 

GRAHAM , J. H. 1995b. Root regeneration and tolerance of citrus rootstocks 

to root rot caused by Phytophthora nicotianae. Phytopathology 85 : 111

117 . 

GRIMM, G .R. & HUTCHISON, D.1. 1973. A procedure for evaluating 

resistance to citrus seedlings to Phytophthora parasitica. Plant Disease 

Reporter 57 :669-672. 

HOUGH, A. 1992. Citrus rootstock reaction to Phytophthora root rot. Citrus 

lournal2: 40-43. 

HUTCHISON, D.1. & O'BANNON, J.H . 1972. Evaluating the reaction of 

citrus selections to Tylenchulus semipenetrans. Plant Disease Reporter 

74:747-751 . 

KELLAM , M.K. & COFFEY, M.D. 1985. Quantitative comparison of the 

resistance to Phytophthora root rot in three avocado rootstocks. 

Phytopathology 75: 230-234 . 

KLOTZ , L.J., BITTERS, W.P., DE WOLFE, T.A. & GARBER, M.J. 1967. 

Orchard tests of citrus rootstocks for resistance to Phytophthora. The 

California Citrograph 52: 38-52. 

KLOTZ, L.J" BITTERS , W.P., DE WOLFE, T.A . & GARBER, M.1 . 1968. 

Some factors in resistance of citrus to Phytophthora spp. Plant Disease 

Reporter 52:952-955. 

 
 
 



80 

KLOTZ, L.l., DE WOLFE, T .A. & WONG, P-P. 1958. Decay of fibrous 

roots of citrus. Phytopathology 48:616-622. 

LABUSCHAGNE, N., lANSE VAN RENSBURG, 1.e., STRAUSS, 1. & 

GRUNDLING, G. 1996. The role of Fusarium solani in citrus root 

disease - an overview of 10 years of research in South Africa. Pages 

431-434 in: Proceedings of the Eight International Society of 

Citriculture, Sun City, South Africa, 12-17 May. 

MATHERON, M.E., WRIGHT, G.e. & PORCHAS, M. 1998 . Resistance to 

Phytophthora citrophthora and P. parastica and nursery characteristics 

of several citrus rootstocks. Plant Disease 82:1217-1225 . 

McCARTHY, e.D., BITTERS, W.P. & VAN GUNDY, S.D. 1979. 

Susceptibility of 25 citrus rootstocks to the citrus nematode. HortScience 

14:54-55. 

MENGE, 1.A. 1988. Dry root rot. Pages 14-15 in: Compendium of citrus 

diseases. 1.0. Whiteside, S.M. Garsney & L.W. Tirurner (eds.). APS 

Press, St . Paul, MN . 

MENGE, 1.A. & NEMEC, S. 1997. Citrus. Pages185-227 in: Soilborne 

Diseases of Tropical Crops. Hillocks, R.l. & Waller, 1.M. (eds .) . CAB 

International, University Press, Cambridge. 

NEMEC, S. 1994. Resistance of citrus rootstock seedlings to Fusarium solani. 

Phytopathology 84:1144-1145 (abstr.). 

NILES , R.K., FRECKMAN, D.W. & ROOSE, M.L. 1995. Use of trifoliate 

orange as a competitive standard for assessing the resistance of citrus 

rootstocks to citrus nematode. Plant Disease 79 :813-818. 

 
 
 



81 

RABE, E . & VON BROEMBSEN, L.A. 1991. Rootstock choice. Pages 1

21 in: Production guidelines for export citrus - Citriculture (1) 

Establishment. R.M. Netterville (ed.) Outspan. 

SMITH, G.S., HUTCHISON, D.l. & HENDERSON, C.T. 1987. Screening 

sweet orange citrus cultivars for relative susceptibility to Phytophthora 

foot rot. Proceedings of the Florida State Horticultural Society 100:64

66. 

STOLZY, L.H., LETEY , l., KLOTZ, L.l. & LABANAUSKAS, C.K. 1965. 

Water and aeration as factors in root decay of Citrus sinensis. 

Phytopathology 55:270-275. 

STRAUSS, l. & LABUSHAGNE, N. 1994. Effect of Fusarium solani and 

Phytophthora nicotianae individually and in combination on Rough 

lemon seedlings at different soil moisture levels. Applied Plant Science 

8: 14-18. 

TUZCU, 6., CINAR, A., G6KSEDEF, M.O., 6ZSAN, M. & BICICI, l. 

1984. Resistance of citrus rootstocks to Phytophthora citrophthora 

during winter dormancy. Plant Disease 68 :502-505. 

VERDElO-LUCAS, S., SORRlBAS, F.I. , FORNER, l.B . & ALCAlDE, A. 

1997. Screening hybrid citrus rootstocks for resistance to Tylenchulus 

semipenetrans Cobb. Hortscience 32:1116-1119. 

 
 
 



Table 1 : A summery of all the rootstocks used in all the experiments and their reaction to the different pathogens according to the different parameters used 

Root 

Feeder root length~ Plant heightb Disease severttyc Root dry mass" Shoot dry mas SO regeneration' 

Rootstocks 

0 
~ 

~ 
~ 

! 
I ] 

ii I 
i 

E 
~ 
i 

~ i 
Ag 81'1 A A A A A A A A A A A A A B A A A A A A A 

Groonhouse experiments 

Swingle cilrumelo S' V" 
Amblycarpa T' N" 

C32-dlrange 
Calamandrin v 
F8D-8 crtrumelo V 

Goo Tou SO 
Konejime S 
Macrophyna S 
Milan Lemon S 
Orlando tangelo S 
Pomeroy trifoliate S V 

Rough lemon S V 

Swingle cilrumelo N 
1113 V 

Changsha mandarin 
Cleopatra milndarin V 

Jacobsen trifoliate V 

NalstJdaidal I V 

ObovOide ae S 
Rusk citrange S V 

Shekwasha mandarin 
Terra Bella cilrange V 

Rough lemon 

Swingle cilrurnelo T V V 

1112 S I V 

1116 T T V N 

Australian trifoliate S S 
Japanese citron S N 
Rubidoux trifoliate S N 

Sampson tangelo S I V 

Smooth Flat Seville S I V 

SUnch.Jsha mand<lrin S S V 

Sunki mandarm S S 
Rough lemon V 

Field experiments 
Benton cilrange 
C32-cilrange 
C35-citrange 
Carrizo cllrange 
Minneola X Trrfoliate hybrid 
Rough lemon 
Swingle citrurnelo 
X639 hybrid 

feeder rOOl lenglh was delermined by measuring the length of 0.1g rools (em) and it was expressed as percentage increaSt' In feeder root lengths 
plant height was determined by measunng the plant length (from so~-line to the top of fo~age) at the beginning and end of the expenment~. SlIbtracting the end plClnl length from the plant length in the beginning and it was expressed as percentage increase in plant length 
disease severity was determined by rating each root system for visual root rol on a scale of 1-4 (1 = 0-25% of root, system rott6<l: 2 ~ 25-50% of rOOl system rolled. 3 = 50-75% of root system rotted and 4 = 75-100% of root system rolled, increase n disease seventy was expressed in relation to disease severity of 
rool mass was determined after drying for 48h at eo' C. and ealculate<l as fo llows: ([uninoculaled - inoculat6<lVunlr.-oculalf.'d) x ,00 
shoot mass was determined after drying for 48h al 80·C. a~ c<)leuialed as fol lows: (/uninoculated - inoc\.IJ al ed VI.l!:!1f\OclJ; ated) x 100 
50% of rool system was pruned oH and root regeneration ab l!lty detf.'fmined 
1996 (rirst year in which experiments were COnducl6<l) 
1997 (second year in which experimer.ts were conducted) 
cullivars susceptible (S) in their response to the different pathogens 
cullivars tolerant (T) In their response to the different pathogens 
cullrvars inte~rnediate (I) in their response to the different pathogens 
noslQnrfleant drfferences (0) between OJllivars 
vigorous (V) root growth potent!<)1 
non-vigorous (N) root growth potential. 

N 
00 
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Table 2: A summery of the response (this study and from the literature) of different citrus cultivars to Phytophthora spp. and the parameter(s) used 

REFERENCE ROOTSTOCK PARAMETER REFERENCE ROOTSTOCK PARAMETER 

Present study" Present study 

Lesion length Lesion length and disease rating 
Afek el a/.. 1990 Macrophylla R' 1105 Broadbent & Gollnow, Carrizo citrange R I 

Trifoliate orange R Variedd Swingle ciliumelo R T 

Sour orange I' I C35-cilrange R 5 
Rough lemon 5' 5 Smooth Flat Seville T 1105 

Rough lemon 5 5 
Disease rating 

Klotz el al .. 1967 Pomeroy trifoliate R Plant height 
Carrizo citrange I Carpenler& Furr. 1962 Rubidoux trifoliate T Varied 
Cleopatra mandarin 5 Swingle citrumelo T T 

Shekwasha mandarin T T' Carriz.o citrange 5 I 
Macrophylla I 1105 Rough lemon 5 5 
Rough lemon 5 5 

Root regeneration 

TUleD et al. , 1984 Jacobsen trifoliate R 5 Graham, 1995b Swingle cilrume lo II' V 
Rubidoux trifoliate R Varied Trifoliate orange V Varied 

Canizo citrange R Carriz.o citrange N' I 
Macrophylla 5 110 S Sour orange N N 
Nalsudaidai 5 5 Cleopatra mandarin N V 

Smith et af., 1987 Carrizo citrange 5 I Plant height, trunk diameter, colour of foilage and disease rating 
Cleopatra mandarin S S Hough ,1992 carrizo citrange 5 I 
Rough lemon 5 S X639 hybrid 5 
Sour orange 5 Minneola x Trifoliate hybrid I 5 

Terra Bella citrange R Varied 
Graham. 1990 50ur orange 5 I Rough lem on Varied 5 

Cleopatra mandarin 5 5 Sampson tangelo I Varied 
Carlizo citrange 5 Australian trifoliate R Varied 
Trifoliate orange T Varied 
Swingle citrumelo T T Root and shoot mass, lesion lengths, plant survival 

Matheron el 81., 1998 C35-cilrange T 5 
Graham. 1995a Cleopatra mandann 5 S Benton citrange T 5 

Sunchusha mandarin 5 5 Gou Tou 50 T I 

Calamandrin 5 5 Shekwasha mandarin T T 
Changsha mandarin 5 S Sunchusha mandarin T 5 
X639 hybrid 5 Macrophylla T I lOS 
Carrizo cilrange I I 
C35-citrange T 5 
F80-8 citrumelo I I to 5 
Sour orange 5 I 
Obovoideae S I t05 
Gou Tou Sour orange 5 
5mooth Flal 5eville 5 1105 

a resistant (R) in reaction to Phytophlhora infection 
b intenmediate (I) 

susceptible (5) 
was not possible to classi fy it as either IOleranl. intermediate or susceptible 

e loleranl (T) 
f vigorous (V) in root growth potentia l 

non-vigorous (N) in root growth potential. 

00 
W 

 
 
 



Table 3: A summery of the response (this study and from the literature) of different citrus cultivars to Fusarium solani and Tylenchulus semipenetrans and the parameter(s) used 

REFERENCE ROOTSTOCK PARAMETER REFERENCE ROOTSTOCK PARAMETER 

Fusarium solani 
Disease rating 

Present study DdeClc.tJllllls sflmir:lflClfltalClS 
Females / g roots 

Present study 

Nemec et a/. , 1980 Macrophylla T· T to I Hutchison & 0' Bannon, 1972 Rubidoux trifoliate R' Not evaluated against nematode 

Nemec, 1994 

Labuschagne el aI., 1996 

Trifoliate orange T Variedd 

Carrizo citrange I toS S 
Rough lemon t toS I 

Cleopatra mandarin S" S 
Orlando tangelo S T to I 

Root and shoot mass, disease rating , plant height 
Carrizo citrange T S 
X639 hybrid T 

Swingle citrumelo Ie Tto I 
Rough lemon S 

McCarthy et at. , 1979 

Duncan el al ., 1994 

Niles et al. , 1995 

Rubidoux trifoliate 

Pomeroy trifoliate 
Swingle citrumelo 
C35-citrange 

Trifoliate orange 
Swingle citrumelo 
lemon 

Rubidoux trifoliate 
Pomeroy trifoliate 
Swingle citrumelo 
Carrizo citrange 

Rough 

T 

T 
T 
T 

R 

R 

R 
R 
R 
S 

S 

Not evaluated against nematode 

T 
T 

Not evaluated against nematode 

T S 

Not evaluated against nematode 
T 
T 

a 
b 
c 
d 
e 

tolerant (T) in reaction to F. so/ani or T semipenetrans infection 
susceptible (S) 
intermediate (I) 
was not possible to classify it as either tolerant, intermediate or susceptible 
resistant (R). 

00 
+:> 
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Table 4: A summery of the response (this study and from the literature) of different citrus cultivars to 

Phytophthora spp. and Tylenchulus semipenetrans 

ROOTSTOCK REFERENCE RESPONSE 

Phytoph thora Present Tylenculus Present 
spp. study semipenetrans study 

Rough lemon Davies & Albrigo, 1994 Sa I to S S S 
Milan lemon S Varied d S 

Macrophylla Rb Varied S 

Sour orange Te Ie S 
Smooth Flat Seville T I toS S 
Cleopatra mandarin T S S 
Trifoliate orange R Varied R 
Carrizo citrange T I T 
Swingle citrumelo T T T T 

Carrizo citrange Copeland , 1988 T T 

Trifoliate orange T Varied T 
Rough lemon S I to S S S 
Milan lemon T Varied 

Cleopatra mandarin T S S 
Amblycarpa T Varied S 
Sour orange T I to S S 
Macrophylla R I to S S 
C32-citrange T T to I T T 
C35-citrange T T to I T I 

Rough lemon Rabe & Von Broembsen, 1991 S I to S S S 
Cleopatra mandarin S S 
Carrizo cltrange T T 

Trifoliate orange T Varied T 

X639 hybrid T S T 
Swingle citrumelo T T T T 

a susceptible (S) reaction to Phytophthora spp. or T. semipenetrans infection 

b resistant (R) 

c tolerant (T) 

d was not possible to classify it as either tolerant. intermediate or susceptible 

e intermediate (I). 
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TOLERANCE OF CITRUS ROOTSTOCKS TO ROOT 

PATHOGENS 

by 

M.e. Burger 

PROMOTOR Dr. N. Labuschagne 

CO-PROMOTOR Prof. F. C. Wehner 

DEPARTMENT Microbiology and Plant Pathology 

DEGREE M.Sc (Agric) 

RESUMe 

Thirty-five citrus rootstocks were evaluated for tolerance to Phytophthora nicotianae 

(syn. P. parasitica) and Fusarium solani on their own and in combination, as well as 

against the citrus nematode, Tylenchulus semipenetrans. The most reliable parameters 

for screening of tolerance were also established. The following emerged from the 

investigation: 

The rootstocks were more severely affected by P. nicotianae than by F. solani or a 

combination of the two fungi. Plant height and reduction in shoot mass were the best 

parameters of tolerance, whereas increase in feeder root length was not reliable. 

Australian trifoliate and Shekwasha mandarin were highly tolerant to P. nicotianae, 

while Natsudaidai, Terra Bella citrange, Jacobsen trifoliate, Rusk citrange, Shekwasha 

mandarin and Pomeroy trifoliate were the most tolerant to F. solani. Swingle 

citrumelo, C32- and C35-citrange were the most tolerant to both fungi . C32-citrange 
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and Swingle citrumelo were tolerant to T. semipenetrans. Rootstocks that 

consistently rated as susceptible were Calamandrin, Jacobsen trifoliate, Natsudaidai, 

Japanese citron, X639-hybrid and Minneola x Trifoliate hybrid (all Phytophthora 

susceptible). Carrizo citrange and Benton citrange were susceptible to F. so/ani, 

whereas Changsha mandarin, Rough lemon, and Sunchusha mandarin showed 

susceptibility to both Fusarium and Phytophthora. Rough lemon was the most 

susceptible to T. semipenetrans. Sampson tangelo, Smooth Flat Seville and 1112 were 

all intermediate to P. nicotianae while Calamandrin and F80-8 citrumelo were 

intermediate to F. so/ani. 

With the exception Swingle citrumelo, Pomeroy trifoliate, Terra Bella citrange, Rusk 

citrange and Japanese citron, no consistent correlation was found between root 

regeneration and disease resistance to root pathogens. 
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VERDRAAGSAAMHEID VAN SITRUSONDERSTAMlVIE 


TEENOOR WORTELPATOGENE 


deur 

M.e. Burger 

LEIER Dr. N. Labuschagne 

MEDE-LEIER Prof. F. C. Wehner 

DEPARTEMENT Mikrobiologie en Plant patologie 

GRAAD M.Sc (Agric) 

SAMEVATTING 

Vyf-en-dertig sitrusonderstarnme is geevalueer VIr verdraagsaarnheid teenoor 

Phytophthora nicotianae (sinoniem P. parasitica) en Fusarium solani, afsonderlik en in 

kombinasie, asook teen die sitrusaalwurm, Tylenchulus semipenetrans. Die 

betroubaarste maatstawwe vir die siftingsproses is ook daargestel. Die volgende is 

gevind: 

Onderstarnme is tot In groter mate beinvloed deur P. nicotianae as deur F. solani of In 

kombinasie van die twee swarnme. Planthoogte en vermindering in loofmassa was die 

betroubaarste maatstawwe, terwyl voedingswortellengte verdraagsaarnheid die swakste 

weerspieel het. Australiese trifoliaat en Shekwasha mandaryn was verdraagsaam 

teenoor P. nicotianae, terwyl Natsudaidai , Terra Bella sitrange, Jacobsen trifoliaat, 

Rusk sitrange , Shekwasha mandaryn en Pomeroy trifoliaat die verdraagsaamste was 

teen F. solani. Swingle sitrumelo, C32- en C35- sitrange was die mees verdraagsaam 
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teen beide die patogene . C32-sitrange en Swingle sitrumelo was verdraagsaam teen 

T. semipenetrans. Calamandrin, Jacobsen trifoliaat, Natsudaidai, Japanese sitron, X639 

hibried en Minneola x Trifoliaat hibried was konsekwent vatbaar vir Phytophthora. 

Carrizo sitrange en Benton sitrange was vatbaar vir F. solani , terwyl Changsha 

mandaryn, growweskilsuurlemoen en Sunchusha mandaryn vatbaarheid getoon het teen 

beide Fusarium en Phytophthora . Growweskilsuurlemoen was die vatbaarste vir T. 

semipenetrans . Sampson tangelo , "Smooth Flat Seville" en 1112 was intermedier teen 

P. nicotianae. terwyl Calamandrin en FSO-S sitrumelo intermedier was teen F. solani. 

Behalwe vir Swingle sitrumelo, Pomeroy trifoliaat, Terra Bella sitrange, Rusk sitrange 

and Japanese sitron kon geen konsekwente korrelasie gevind word tussen 

wortelregenerasievermoe en verdraagsaarnheid teenoor wortelpatogene nie. 
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