
http:http://www.fao.org
http://www.commact.org


 
 
 



3  

onset of the long ra ins. Average rainfall at HWC is about 600 mm per year. 

However, evapotranspiration during the growing season averages 800-900 mm and 

this exceeds the mean annual rainfall in all months except December, January and 

February (Mchomvu &Antapa, 1996). 

Production of small-grain cereal crops in the region is further hampered by diseases, 

particularly patchy stunting (PS). PS has been observed on wheat farms at HWC 

since the early 1970s and more recently also on farms at West-Kilimanjaro and 

Karatu. Yield losses amount to 5-30 %, but can be as high as 40-50 % during drier 

years on newly-broken land (Antapa, 1996). The disease is characterised by distinct 

patches of severely stunted and chlorotic plants which appear four to five weeks after 

planting (Kuwite et a/., 1996; Meyer et aI., 1996). As the season progresses, affected 

plants either die or remain stunted. In this respect PS resembles bare patch disease 

of cereals occurring in various other parts of the world (Roberts & Sivasithamparam, 

1986). However, unlike bare patch disease where the roots exhibit girdling and 

necrosis (Weller et a/. , 1986; Ogoshi et a/., 1990), roots of plants affected by PS 

contain conspicuous nodulose swellings and sclerotial sheaths (Kuwite et a/., 1996; 

Meyer et a/., 1996). The latter symptoms are also typical of crater disease (CD) of 

wheat occurring on the Springbok Flats in South Africa (Deacon & Scott, 1985; Smith 

& Wehner, 1986). Anastomosis grouping and molecular characterisation (Carling et 

a/., 1996; Meyer et a/., 1998) indicated that CD and PS are caused by the same 

primary pathogen, namely Rhizoctonia solani J.G. Kuhn anastomosis group (AG) 6, 

while bare patch disease is mostly ascribed to infection by R. solani AG-8 (Neate & 

Warcup, 1985). 

Besides R. solani, various other fungi have also been implicated in PS, CD and bare 

patch disease. Reports from Australia (Harris & Moen, 1985a,b; Roberts & 

Sivasithamparam, 1987) indicated the co-involvement of Alternaria alternata (Fr.: Fr.) 

Keissl. , Bipo/aris sorokiniana (Sacc.) Shoemaker, Fusarium avenaceum (Fr.: Fr.) 

Sacc., F. equiseti (Corda) Sacc., Idriella bolleyi (R. Sprague) Arx, pythium irregulare 

Buisman, Waitea circinata Warcup & Talbot, binucleate Rhizoctonia sp. and 

Mortierella sp. In South Africa, Scott et a/. (1979) initially implicated Periconia 

macrospinosa Lefebvre & Aar. G. Johnson, pythium oligandrum Drechsler, 
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Rhizoctonia cerealis van der Hoeven and R. solani as the main cause of CO, 

whereas Maas & Kotze (1981), Smith & Wehner (1986), Opperman & Barnard (1992) 

and Meyer & Wehner (2000) isolated pathogens such as B. sorokiniana, Fusarium 

culmorum (Wm.G. Sm.) Sacc., F. equiseti, F. nygamai L.W. Burgess & Trimboli and 

Sclerotium rolfsii Sacco from wheat roots on the Springbok Flats. Failure of the 

agonomycete-specific fungicide, tolclofos-methyl, to reduce severity of CD (Smith et 

al., 1984) further supported the non-monopoly of R. solani in the disease. 

In Tanzania, Kuwite et al. (1996) consistently isolated B. sorokiniana, Fusarium 

oxysporum Schltdl. em. W.C. Snyder & H.N. Hansen and Rhizoctonia spp. from 

wheat plants affected by PS but indicated that the latter was more prevalent, 

especially at the centre of patches. An earlier but rather limited and late in the 

season survey of barley fields in West-Kilimanjaro by the Council for Scientific and 

Industrial Research (CSIR) in South Africa (unpublished data), indicated the 

presence of pathogens such as Gaeumannomyces graminis (Sacc.) Arx & O.L. 

Olivier var. tritiei J. Walker, B. sorokiniana, and Rhizoctonia and pythium spp. 

Nevertheless, as yet no attempt has been made to compile an inclusive index of fungi 

associated with root and crown rot of wheat and barley in Tanzania. The purpose of 

this study therefore was to conduct a comprehensive survey of the soilborne 

pathogens involved in PS and general unthriftiness of wheat and barley in the main 

production areas of the country, and to determine the virulence of representative 

isolates under controlled conditions. 

 
 
 



CHAPTER 2  

LITERATURE REVIEW  

Wheat and barley are subject to root and foot rots wherever the crops are grown. 

These diseases can affect the plant at virtually any stage during growth and 

development, but are most damaging during the seedling and tillering phases (Cook 

&Veseth, 1991). Because the ability of wheat and barley plants to tiller and produce 

a good yield depends almost entirely on a healthy root system, soilborne diseases 

can be a major constraint to production (Cook & Veseth, 1991; Chen et al., 1996). 

Their main impact is thinned stands and reduced yields resulting from a decrease in 

tiller numbers, number of kernels per head and kernel mass (Ledingham et al., 1973; 

Piening et al., 1976; Chen et al., 1996). In severe cases root and crown rot may lead 

to stunting and premature plant death (Conner & Atkinson , 1989). 

Following germination, wheat and barley plants initially produce a primary or seminal 

root system which is essential for establishing the young plant (Klepper, 1991). 

Crown or adventitious roots form at coleoptile nodes and not only supply nutrients 

and moisture to individual tillers (Belford et al., 1987), but are also important for 

anchoring the plant and providing resistance to lodging (Ennos, 1991). Seminal roots 

are particularly important under dry conditions when crown root development can be 

impeded (Boatwright & Ferguson, 1967) and have been shown to be more effective 

than the shallower crown root system in accessing water deep in the soil (Belford et 

al., 1987). Besides impeding establishment and anchoring of the plant, disruption of 

either root system will affect its ability to provide the shoots with an appropriate 

balance of nutrients, water and growth factors (Cook & Veseth, 1991). Similarly, 

decay of the crown prevents it from conducting water and nutrients to the rest of the 

plant (Cook, 1968; Cook & Veseth, 1991). 

An almost infinite number of reports exist on fungi that have been isolated from roots, 

crowns and subcrown internodes of wheat and barley (Table 1). A number of these 

fungi are associated with damage to the plants, but the majority are considered to be 

merely saprophytes whereas the role of others is unclear. The most important fungal 

 
 
 



6  

diseases principally observed on roots and stem bases of wheat and barley are 

briefly discussed below. 

2.1 TAKE-ALL 

When first discovered in Australia 150 years ago, this disease literally "took all" when 

attacking seedlings, hence the name (Mathre, 1982; Cook & Veseth, 1991). Today, 

take-all is found worldwide and is recognised as a disease of the roots, crown and 

foot (Mathre, 1982; Wiese, 1987). The take-all fungus, G. graminis var. trifiei, shows 

some specialisation for wheat and barley but also attacks common grasses (Mathre, 

1982). There is broad consensus that wheat is highly susceptible, whereas barley is 

usually considered to be somewhat less so (Scott, 1981). Asher (1972) reported 

reductions in dry mass, leaf area, tiller number and water content of shoots to be 

equally severe in wheat and barley after inoculation with G. graminis var. tritiei. 

Production of crown roots by inoculated plants was, however, greater than by healthy 

plants and resulted in an increase in both the number and proportion of healthy roots 

following initial infection. This effect was more pronounced in barley and may partly 

account for this crop's relative tolerance to take-all attack under field conditions. 

Early symptoms of take-all are subtle and easily overlooked (Huber & McCay-Buis, 

1993). The pathogen begins its attack by infecting the seminal roots, spreading from 

root to root and plant to plant (Cook & Veseth, 1991). Black lesions and necrotic tips 

are characteristic root symptoms (Huber & McCay-Buis, 1993). As the fungus grows 

into tiller roots and bases, the rot extends into the crown and up the stem, where a 

distinctive dark superficial mycelial mat may form (Wiese, 1987). Grain losses of 10­

15 % from reduced root absorption and killed or aborted tillers may go unnoticed in 

the field (Huber & McCay-Buis, 1993). Symptoms are most obvious near heading, 

when plants appear uneven in height, begin to die prematurely and exhibit white 

heads (Wiese, 1987). By this time, yield losses caused by lack of seed development 

and filling may have reached 50 % or more (Mathre, 1982). 

Infection by G. graminis var. tritiei is greatly influenced by soil conditions and the 

environment (Lawn & Sayre, 1992). Disease is favoured by low fertility soils of 
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neutral or alkaline pH where moisture is plentiful during most of the growing season 

(Cook, 1981 ; Wiese, 1987). A deficiency in any of the essential mineral nutrients 

further aggravates disease (Huber, 1981; Reis et al., 1982, 1983). Take-all often 

increases to maximum severity during a continuous succession of wheat or barley 

(Bateman & Kwasna, 1999). Take-all decline sometimes follows severe disease, 

often in the fourth or subsequent crops (Rovira & Wildermuth, 1981). The most 

favoured explanation for this decline is an increase in antagonistic microorganisms 

during consecutive cropping of the same cereal (Bateman & Kwasna, 1999). 

Exclusion of wheat or barley for one year usually breaks the disease cycle (Wiese, 

1987). 

2.2 COMMON ROOT ROT 

According to Sallans (1965) the term "common root rot" has been widely used to 

designate a group of diseases characterised by necrosis of the roots, crowns and 

stem bases of cereals resembling, but distinct from, take-all . Common root rot is an 

insidious disease that seldom produces definite aboveground symptoms (Conner & 

Atkinson, 1989). Diseased plants occur scattered throughout fields amongst healthy 

ones (Broscious & Frank, 1986). In severe cases, root rot can cause stunting and 

premature plant death (Conner & Atkinson, 1989). Plants that survive usually mature 

but yield poorly because of a weakened root system and reduced tillering (Verma et 

al. , 1976; Wiese, 1987). Heavily infected plants may also senesce prematurely and 

produce small, discoloured heads containing shrivelled kernels (Scardaci & Webster, 

1982). 

Plants weakened by abiotic stresses are predisposed to common root rot (Duczek, 

1986, 1989). Losses are most severe when soil moisture is limited and the disease 

is consequently also referred to as dryland rot (Mathre, 1982; Wiese, 1987). When 

soil moisture is not limiting, infected plants having fewer tillers may compensate by 

producing more and heavier kernels per head (Mathre, 1982). Diehl et al. (1982) 

estimated that yield losses in winter wheat range from 1.2-38.1 % with a mean of 

15.6 % in fields in Brazil. Wildermuth et al. (1992) reported losses of 6.8-43.9 % for 

three wheat cultivars tested in Queensland, Australia. In Canada, yield reductions of 

 
 
 



8  

2.5-17.1 %, depending on the cultivar, have been reported for wheat (Tinline & 

Ledingham, 1979), while barley cultivars showed losses ranging from 5-42 % 

(Mathre, 1982). 

The etiology of common root rot is complex and varies regionally. The causal fungi 

are widely distributed as unspecialised pathogens capable of infecting most small­

grain cereals as well as numerous grasses (Wiese, 1987). The most commonly 

encountered pathogens are B. sorokiniana and Fusarium spp. (Hill et al., 1983), 

particularly F. culmorum and F. pseudograminearum Q'Donnel & T. Aoki (Mathre, 

1982; Wiese, 1987). Less virulent species such as F. acuminatum Ellis & Everh., F. 

avenaceum, F. crookwel/ense L.W. Burgess, P.E. Nelson & Toussoun and F. poae 

(Peck) Wollenw. may also be involved (Wiese, 1987). B. sorokiniana is considered 

the major incitant of disease on the Canadian prairies (Harding, 1973; Verma et al., 

1974), and in Mexico (Lawn & Sayre, 1992), southern Brazil (Diehl, 1979; Diehl et al., 

1982), Texas Panhandle, USA (Specht & Rush, 1988) and Queensland, Australia 

(Wildermuth, 1986). In eastern Australia (Burgess et al., 1981), and Minnesota and 

New York, USA (Warren & Kommedahl, 1972; Kane et al., 1987) F. 

pseudograminearum is recognised as dominant. Studies in areas of East Africa 

(Saari & Wilcoxson, 1974) and California, USA (Scardaci & Webster, 1982) indicate 

that B. sorokiniana, F. culmorum and F. pseudograminearum are the major 

pathogens in the diseasp. complex, whereas B. sorukinlana and F. acuminatum are 

regarded as the main components in Colorado and Wyoming, USA (Hill et al., 1983). 

Foot and root rot of wheat is caused primarily by F. culmorum and F. 

pseudograminearum in the Pacific Northwest, USA (Cook, 1968, 1980; Smiley & 

Patterson, 1996) and Western Cape, South Africa (Maas & Kotze, 1981). In Europe, 

Microdochium nivale (Fr.) Samuels & I.C. Hallett predominates (Cassini, 1981; Parry 

et al., 1994; Rossi et al., 1995). Complex interactions among environmental 

conditions and crop production procedures influence dominance between the 

different pathogens (Smiley & Patterson, 1996). In addition, Scardaci & Webster 

(1981) indicated that prior colonisation and possession of the host substrate may play 

an important role in establishing dominance among the pathogens involved. They 

fou nd F. pseudograminearum and B. sorokiniana to compete equally well when co­

inoculated on barley roots at planting. However, when inoculated in sequence, one 
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21 days before the other, the pathogen inoculated first was re-isolated more 

frequently. 

In California, Scardaci & Webster (1982) found that isolates of B. sorokiniana, F. 

culmorum and F. pseudograminearum from wheat or barley showed no evidence of 

specificity to either host; they were pathogenic to wheat and barley cultivars 

regardless of their original host. The authors concluded that differences in disease 

severity on wheat or barley infected with different isolates of each pathogen may 

simply be attributed to differences in host susceptibility and pathogen virulence. By 

contrast, Conner & Atkinson (1989) reported that continuous cropping to susceptible 

cultivars of wheat and barley resulted in selection of B. sorokiniana isolates more 

damaging to the host being grown continuously. Root rot severity did, however, 

increase gradually with time in the alternative host. Wood (1962) also showed 

isolates of B. sorokiniana from various sources to differ greatly in their pathogenicity 

towards cereals. Some were pathogenic to wheat as well as barley and oats (Avena 

sativa L.), whereas others were only pathogenic to different combinations of these 

hosts. Similar findings were reported by Ashworth et al. (1960). 

Differences in susceptibility of wheat and barley to common root rot have been 

reported. Chinn (1976a) observed a correlation between mean disease ratings and 

the number of B. sorokiniana conidia in the soil, whereas Chinn (1976b) found that 

barley contributed more than wheat to soil populations of this fungus. Tinline & 

Ledingham (1979) showed barley cultivars on average to be more susceptible to B. 

sorokiniana than wheat cultivars when tested in the field. Similarly, Fedel-Moen & 

Harris (1 987) reported infections by B. sorokiniana to be more numerous on barley 

than wheat, whereas infections by Fusarium spp. occurred with equal frequency on 

both hosts. Observations by Scardaci & Webster (1982) corroborate the greater 

sensitivity of barley to B. sorokiniana, but indicated that this crop was more 

susceptible to F. culmorum and F. pseudograminearum than wheat under most 

cond itions tested. 
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2.3 RHIZOCTONIA ROOT ROT 

Rhizoctonia root rot is an important disease of wheat and/or barley in Australia 

(Samuel & Garrett, 1932; MacNish, 1983; MacNish & Neate, 1996), Canada 

(Benedict & Mountain, 1956), England (Dillon-Weston & Garrett, 1943), Scotland 

(Murray & Nicolson, 1979; Murray, 1981), South Africa (Scott et a/., 1979; Smith et 

a/., 1984; Deacon & Scott, 1985), Tanzania (Kuwite et a/., 1996; Meyer et a/., 1996) 

and the USA (Weller et a/., 1986; Mathieson & Rush, 1991). Various other names 

have been used to describe the disease, induding bare patch or Rhizoctonia patch 

(MacNish, 1983, 1985; Weller et a/., 1986; MacNish & Neate, 1996), barley stunt 

disorder (Murray & Nicolson, 1979; Murray, 1981), crater disease (CD) (Scott et aI., 

1979; Deacon & Scott, 1985) and patchy stunting (PS) (Kuwite et a/., 1996; Meyer et 

a/., 1996). Nevertheless, they all refer to a disease characterised by the 

development of distinct patches of stunted and/or chlorotic plants (Samuel & Garrett, 

1932; Dillon-Weston & Garrett, 1943; Murray & Nicolson, 1979; Scott et a/., 1979; 

Murray, 1981; MacNish, 1983; Smith et a/., 1984; Deacon & Scott, 1985; Weller et 

a/., 1986; Ogoshi et a/., 1990; Kuwite et a/., 1996; MacNish & Neate, 1996; Meyer et 

a/., 1996; Gill et a/., 2002). These symptoms may become apparent as early as 3-4 

weeks after planting (MacNish, 1984; Weller et a/., 1986). Patches can recur in the 

same field for several years and may change shape or size from one season to the 

next (MacNish, 1985). In most cases, roots of diseased plants have brown sunken 

lesions which may girdle and sever the roots, typically leaving pointed brown tips, 

referred to as "spear tips" (Weller et a/., 1986; Ogoshi et a/., 1990). The exceptions 

seem to be CD and PS, where seminal roots contain nodulose swellings and 

sclerotial sheaths (Deacon & Scott, 1985; Smith &Wehner, 1986; Kuwite et a/., 1996; 

Meyer et a/., 1996), rather than exhibiting girdling and rotting. 

There is evidence that soil and climatic effects may be of overriding importance in 

Rhizoctonia root rot (Samuel & Garrett, 1932; Murray & Nicolson, 1979; Deacon & 

Scott, 1985; Moen & Harris, 1985; Smiley & Wilkins, 1993; Gill et a/., 2000, 2001a, b). 

Disease expression may differ with change in soil type or weather conditions, as in 

Scotland (Murray & Nicolson, 1979) and the USA (Smiley & Wilkins, 1993). Where 

disease pressure is very high, affected areas may coalesce to create the appearance 

of widespread stunting across entire fields (Murray & Nicolson, 1979). Low and 
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localised disease pressure, on the other hand, results in individual stunted plants 

interspersed with productive ones, or minor root rot that does not cause stunting or 

other symptoms of reduced plant vigour. Moderate root damage can delay crop 

maturation up to 3 weeks, even in the absence of patches of stunted plants (Smiley & 

Wilkins, 1993). 

Although R. solani is generally regarded as the causal agent of Rhizoctonia root rot 

(Samuel & Garrett, 1932; Dillon-Weston & Garrett, 1943; Benedict & Mountain, 1956; 

Murray & Nicolson, 1979; Murray, 1981; MacNish, 1983, 1985; Deacon & Scott, 

1985; Weller et al., 1986; Wiese, 1987; MacNish & Neate, 1996; Meyer et al., 1996), 

some discrepancy exists regarding the anastomosis groups (AGs) responsible, while 

involvement of other Rhizoctonia spp. has also been indicated. Murray (1981) 

reported the R. solani responsible for barley stunt disorder in Scotland to be AG-3. 

Neate & Warcup (1985) identified R. solani AG-8 as the cause of bare patch in 

Australia. Ogoshi et al. (1990) found that R. solani AG-8 and Rhizoctonia oryzae 

Ryker & Gooch were both involved in root rot of wheat and barley in the Pacific 

Northwest. Rush et al. (1994) reported that R. solani AG-4 was the predominant 

pathogen on wheat in Texas, although AG-2-2 and AG-5 were also recovered from 

diseased seedlings. CD in South Africa and PS in Tanzania were shown to be 

caused by R. solani AG-6 (Carling et al., 1996; Meyer et al., 1998). Other 

Rhizoctonia spp. and AGs have also been isolated from wheat and barley (Scott et 

al., 1979; Bolkan & Ribeiro, 1985; Neate, 1985; Neate & Warcup, 1985; Roberts & 

Sivasithamparam, 1986, 1987; Burton et al., 1988; Ogoshi et al., 1990; MacNish et 

al. , 1994, Yang et al., 1994; Demirci, 1998). A number of reports have also 

suggested co-involvement of fungi other than Rhizoctonia spp. in the disease (Scott 

et al., 1979; Harris & Moen, 1985a,b; Roberts & Sivasithamparam, 1986, 1987; 

Meyer & Wehner, 2000). Harris & Moen (1985a) reported that infection by R. solani 

predisposed wheat to a succession of common root rot and minor pathogens. 

Severity of the short-lived Rhizoctonia attack influenced the severity of infections that 

followed. Harris & Moen (1985b) accordingly described the disease as an "open­

ended syndrome" in which a diverse range of organisms may participate in 

secondary infections and subsequently proposed that the disease should be referred 

to as Rhizoctonia-induced common root rot of cereals. This view is shared by 
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Roberts & Sivasithamparam (1986, 1987) who suggested a complex composed of 

one or more AGs of R. solani and other associated fungi as the cause of bare patch 

disease. However, with CD of wheat other root-colonising fungi appear to protect 

roots against attack by R. solani, the exception being pythium aphanidermatum 

(Edson) Fitzp. (Meyer & Wehner, 2000). 

2.4 PYTHIUM (BROWNING) ROOT ROT 

Pythiums are widely distributed in agricultural soils around the world where they 

attack numerous hosts, including many cereals and grasses (Hendrix & Campbell, 

1973; Mathre, 1982; Wiese, 1987). Several pythium spp., acting singly or in 

combination, are involved in browning root rot of wheat and barley (Mathre, 1982; 

Wiese, 1987). Species best documented as pathogens on wheat are P. 

aphanidermatum, P. aristosporum Vanterpool, P. arrhenomanes Drechsler, P. 

graminicola Subraman., P. irregu/are, P. myrioty/um Drechsler, P. ultimum Trow var. 

sporangiiferum Drechsler and P. volutum Vanterpool & Truscott (Wiese, 1987). On 

barley, P. arrhenomanes, P. graminico/a and P. tardicrescens Vanderpool are the 

most common (Mathre, 1982). 

pythium spp. begin their parasitic attack by infecting the embryo of the seed within 

24-48 hours after planting (Cook & Veseth, 1991). Seed deterioration with aging can 

increase the susceptibility of germinating seeds to infection (Hering et a/., 1987) . . 

Most embryo infections are not lethal but rather lead to stunting of the seedling (Cook 

& Veseth, 1991). Consequently stand establishment is usually not a problem in 

pythium-infested soil (Cook et al., 1987). Once established in the embryo the fungus 

moves to the shoot and roots, initiating new infections at the root tips (Cook & 

Veseth, 1991). pythium spp. are especially efficient in invading and destroying root 

hairs and juvenile rootlets (Cook et al., 1987) which are critical to nutrient uptake prior 

to development of tillers and the associated crown roots (Cook & Veseth, 1991). 

Reduced seedling vigour caused by embryo infections together with subsequent 

destruction of rootlets and root hairs (Cook et al., 1987) can account for the smaller 

size of adult plants, lack of tillering and lower yield when Pythium is not controlled 

(Hering et a/., 1987). Cook et al. (1980, 1987) reported that wheat yields were 
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commonly 15-25 % higher where the population of Pyfhium was reduced or 

eliminated by soil solarisation or fumigation. 

According to Cook & Veseth (1991) the extent of Pyfhium infection greatly depends 

on moisture and other soil factors. The wetter or more poorly drained the soil and the 

higher the clay content, the more the infection. Infection furthermore increases with 

soil acidity, down to about pH 5.0. 

2.5 EYESPOT 

Eyespot or strawbreaker is named for its effects on the base of some cereals and 

grasses 0/Viese, 1987). The disease is caused by Ramulispora herpotrichoides 

(Fron) Arx, previously known as Pseudocercosporella herpotrichoides (Fron) 

Deighton (Deighton, 1973) and wheat is more susceptible than barley (Mathre, 1982). 

Because prolonged periods of cool, wet weather are required for spore production by 

R. herpotrichoides (Cook & Veseth, 1991) winter cereals are damaged more often 

than spring cereals (Wiese, 1987). Disease is therefore also most severe where 

winter wheat and barley are grown successively without rotation to spring crops 

(Mathre, 1982; Wiese, 1987). 

Eyespot infection may kill entire plants, but more often weakens or kills individual 

tillers, reduces kernel size and number, causes culms to lodge and/or senesee 

prematurely and renders plants difficult to harvest (Mathre, 1982; Wiese, 1987; Cook 

&Veseth, 1991). Appearance of eye-shaped lesions on leaf sheaths and stem bases 

is characteristic of eyes pot (Mathre, 1982; Wiese, 1987). 

2.6 SHARP EYES POT 

Accord ing to Mathre (1982) and Wiese (1987) sharp eyespot occurs on wheat and 

barley in most temperate regions of the world, but seldom causes serious losses. 

Lesions are usually superficial and inconsequential. Although early references link R. 

so/ani with sharp eyespot (Bruehl, 1951; Pitt, 1964; Clarkson & Griffin, 1977; Sterne 

& Jones, 1978), it is now generally accepted that the eyespot fungus is 
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morphologically, taxonomically and pathologically distinct from R. solani (Richardson 

& Cook, 1985). It was described as a new binucleate species, R. cerealis, by 

Boerema & Verhoeven (1977) and early reports can be taken as referring to th is 

fungus instead (Richardson & Cook, 1985). 

Sharp eyespot lesions are easily confused with those of eyespot, especially during 

early growth stages of cereals. Symptoms due to one pathogen may also obscure 

those caused by the other (Goulds & Polley, 1990). Lesions caused by sharp 

eyes pot are, however, more superficial, more sharply delineated and generally more 

irregular in shape (Mathre, 1982; Wiese, 1987). Sharp eyespot can also be 

confirmed by the presence of typical mycelium of Rhizoctonia in cortical cells (Pitt, 

1964). In recent years, diagnostic assays based on polymerase chain reaction have 

been developed for specifically detecting R. cerealis (Nicholson & Parry, 1996) and 

R. herpotrichoides (Poupard et al., 1993). 

2.7 MINOR PATHOGENS  

There is increasing evidence that many weak pathogens survive and multiply on  

apparently healthy roots in addition to existing saprophytically in the soil (Salt, 1979).  

Their effects may be negligible when water and nutrients are readily available, but  

when supply of either is reduced plant growth can be affected (Colhoun. 1979).  

Three species commonly regarded as minor pathogens are discussed.  

2.7.1 Idriella bolleyi  

According to Sprague (1948) I. bolleyi is a ubiquitous coloniser of roots, crowns and  

seeds of wheat, barley and other Poaceae. Isolates are mostly considered non­ 

pathogenic but occasionally cause mild root necrosis (Wiese, 1987). Murray & Gadd  

(1981) regularly recovered I. bolley; from the roots of healthy field-grown barley, the  

highest isolation frequencies being from older plants. Isolates were weakly  

pathogenic, causing limited damage to the coleoptile but having no apparent effect  

on roots despite heavy colonisation. In pathogenicity studies conducted by  

Rufenacht (1980), I. bolleyi did not affect root and shoot elongation of wheat  

seedlings, despite being able to produce lesions on the roots and shoots. Salt (1979)  
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concluded from his own research and that of others that this species can be regarded 

as a minor pathogen of very young and senescent tissue. 

2.7.2 Periconia macrospinosa 

Scott et al. (1 979) initially thought P. macrospinosa to be involved in CD. Rufenacht 

(1980) frequently isolated this fungus from roots of wheat collected throughout the 

major production areas in South Africa, particularly on mature plants with CD. 

Although it did not cause necrosis of the roots or shoots in pathogenicity tests, a 

considerable reduction in root and shoot growth was noted. This can probably be 

ascribed to toxin production as reported by Scott et al. (1979). According to Harris & 

Moen (1985a) P. macrospinosa may colonise previously damaged root tissues. 

Other reports indicating this species as being part of the fungal community on wheat 

or barley roots include Maas & Kotze (1981), Sturz & Bernier (1991), Opperman & 

Barnard (1 992), Bateman & Kwasna (1999), Gonzalez & Trevathan (2000), Meyer & 

Wehner (2000), Dawson & Bateman (2001), Lemanczyk & Sadowski (2002) and 

Meyer & Van Oyk (2002). 

2.7.3 Sclerotium rolfsii 

The first report of a wheat disease caused by S. rolfsii was by Godfrey (1 918) who 

observed brown lesions on the crowns and lower culms of diseased plants and 

blighted heads entirely void of grain scattered irregularly throughout fields. Kilpatrick 

& Merkle (1967) reported pre- and post-emergence killing of wheat seedlings by S. 

rolfsii in Texas and believed that the disease had previously probably been 

overlooked in the region because of the similarity with symptoms caused by other 

root pathogens. Of various fungi tested. Rufenacht (1980) found S. rolfsii to be the 

most aggressive invader of wheat seedlings in South Africa, causing severe blighting 

and large necrotic lesions on both roots and shoots. Although S. rolfsii significantly 

impeded shoot growth of wheat in artificial inoculation studies conducted by Meyer & 

Van Oyk (2002) in South Africa, reduction in shoot growth was much more 

pronounced with pathogens such as P. aristosporum, P. arrhenomanes and R. 

solani. 
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In conclusion, it is evident that root and foot rots pose a serious threat to sustainable 

wheat and barley production throughout the world . Based on experimental data, 

Cook (2001 ) estimated that root diseases result in an annual loss of about 10 million 

tonnes of wheat in the USA. Based on figures published in the FAO database 

(http://www.fao.org 2001), extrapolation of the above estimate implies an annual 

worldwide loss of approximately 79 million tonnes of wheat. Considering that barley 

on average is as susceptible to root and foot rots as wheat, the corresponding loss in 

barley production would be about 20 million tonnes. These figures translate to crop 

losses of over 10 % for wheat and barley, from root and foot diseases alone. Bearing 

in mind that many countries, particularly in Africa, do not have the same means of 

sophisticated and intensive crop production systems as the US, these estimates may 

even be conservative. It is therefore clear that soilborne diseases should not be 

viewed as "out of sight, out of mind". 

 
 
 

http:http://www.fao.org


Table 1. Summary of published reports on fungi isolated from roots, crowns and subcrown intemodes of wheat and bar1ey. 

Fungus  Host" Isolated fromb Location Reference 

Absidia cylindrospora Hagem  W R Rothamsted, UK Bateman & Kwasna, 1999  

A. glauca Hagem W R Rothamsted, UK Bateman & Kwasna, 1999  

Absidia spp. W R Rothamsted, UK Bateman & Kwasna, 1999  

W,B R Rothamsted, UK Dawson & Bateman, 2001  

Acremoniella atra (Corda) Sacco W,B R Rothamsted, UK Dawson & Bateman, 2001  

Acremonium bacil/isporum (Onions & Barron) W. Gams W R Rothamsted, UK Bateman & Kwasna, 1999  

A. kiliense GrOtz  W R South Australia Harris & Moen, 1985b 

A. strictum W. Gams W R, C, SI Southem Brazil Diehl et al., 1982  

W R Rothamsted, UK Bateman & Kwasna, 1999  

W R North-westem Poland Lemanczyk & Sadowski, 2002  

Acremonium spp.  W R Rothamsted, UK Bateman & Kwasna, 1999  

W,B R Rothamsted, UK Dawson & Bateman, 2001  

W R North-westem Poland Lemanczyk & Sadowski, 2002  

Alternaria alternata (Fr.: Fr.) Keissl. W R South Australia Harris & Moen, 1985a,b  

W R Manitoba, Canada Sturz & Bemier, 1991  ...... 

W R Springbok Flats, SA Opperman & Bamard, 1992  

W R,C Alabama, USA Chen et al., 1996  

W ? Mississippi, USA Gonzalez & Trevathan, 2000  

W R North-westem Poland Lemanczyk & Sadowski, 2002  

A. consortiaIe (ThOmen) Hughes  W R North-westem Poland Lemanczyk & Sadowski, 2002  

A. infectoria Simmons  W R Rothamsted, UK Bateman & Kwasna, 1999  

A. solani Sorauer W R, C Northem Egypt Fouly et al. , 1996  

Alternaria spp. W ? Washington, USA Hoes, 1962  

W R, C, SI Southem Brazil Diehl, 1979; Diehl et al., 1982  

W SI Minnesota, USA Windels & Holen, 1989  

W R South Australia Rovira, 1986  

W R Central Saudi Arabia EI-Meleigi,1988  

W R Manitoba, Canada Sturz & Bemier, 1991  

W R,SI Hanang, Tanzania Kuwite et al., 1996  

W,B R Rothamsted, UK Dawson & Bateman, 2001  

Arthrinium phaeospernum (Corda) M.B. Ellis  W R North-westem Poland Lemanczyk & Sadowski, 2002 

 
 
 



Ascochyta tritici Hori & Enjoji 

Aspergillus niger Tiegh. 

A. terreus Thom 

Aspergillus spp. 

Aureobasidium pu/lulans (de Bary) G. Arnaud  

Aureobasidium spp.  

Binucleate Rhizoctonia spp.  

Bipolaris australiensis (M.B. Ellis) Tsuda & Ueyama 

B. sorokiniana (Sacc.) Shoemaker 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W,B 

W 

W 

W 

W, B 

W 

W, B 

W 

W,B 

W 

W 

W,B 

W, B 

W 

W 

W 

W 

W 

W, B 

W 

W 

W, B 

W 

? 

R 

R 

R 

R 

SI 

R, SI 

? 

R 

R 

R, SI 

R 

R 

R 

R, SI 

R 

R 

C, SI 

R 

R 

R 

R,C 

SI 

R 

C, SI 

C 

SI 

SI 

C 

R,C, SI 

R 

R 

Mississippi , USA 

Manitoba, Canada 

North-western Poland 

Springbok Flats, SA 

South Australia 

Minnesota, USA 

Hanang, Tanzania 

Mississippi, USA 

Rothamsted, UK 

Rothamsted , UK 

Washington, USA 

South Australia 

South Australia 

Western Australia 

Texas Panhandle, USA 

Pacific Northwest, USA 

Western Australia 

Erzurum, Turkey 

Springbok Flats, SA 

Springbok Flats, SA 

Tennessee, USA 

Montana, USA 

Washington, USA 

Kansas , USA 

Saskatchewan, Canada 

Highveld Region, SA 

Saskatchewan, Canada 

Saskatchewan, Canada 

Eastern Australia 

Southern Brazil 

Rothamsted, UK 

Brits, Eastern Free State, Springbok Flats, 

Vaalharts, Western Cape, SA 

Gonzalez & Trevathan, 2000  

Sturz & Bernier, 1991  

Lemanczy\< & Sadowski, 2002  

Meyer & Wehner, 2000  

Harris & Moen, 1985a,b  

Windels & Holen, 1989  

Kuwite et al., 1996  

Gonzalez & Trevathan, 2000  

Bateman & Kwasna, 1999  

Dawson & Bateman, 2001  

Hoes, 1962  

Rovira, 1986  

Neate, 1985  

Roberts & Sivasithamparam, 1986  

Specht & Rush, 1988  

Ogoshi et al., 1990  

Yang et al., 1994  ...... 
(Xl

Demirci, 1998  

Meyer & Van Dyk, 2002  

Meyer & Wehner, 2000  

Reed , 1952  

Sharp, 1959  

Hoes, 1962  

Wood , 1962  

Chinn et al., 1962  

Jooste, 1965  

Sallans & Tinline, 1965; Harding, 1973  

Harding, 1971  

Burgess et al. , 1975  

Diehl, 1979; Diehl et al., 1982  

Salt, 1979  

Maas & Kotze, 1981  

 
 
 



B. spicifera (Bainier) Sabraman. 

Bispora spp. 

W,B 

W 

W 

W 

W 

W,B 

W,B 

B 

W 

W 

W,B 

W 

W 

W 

W 

W 

W, B 

W 

W 

W, B 

W 

W 

B 

W 

W 

B 

W 

W 

W 

W 

W 

C, SI 

R, C, SI 

R 

R 

SI 

R 

R, C, SI 

SI 

R,SI 

SI 

SI 

C,SI 

R 

R 

R,C 

C,SI 

SI 

C 

R,C 

C 

R,C 

R, SI 

SI 

R 

R, C, SI 

C, SI 

R 

R 

R,C 

R,C, SI 

R 

Califomia, USA 

Colorado & Wyoming. USA 

Springbok Flats, SA 

South Australia 

Pennsylvania, USA 

Westem Australia 

South Australia 

Westem Canada 

Texas Panhandle, USA 

Queensland, Australia 

Alberta , Canada 

North Dakota, USA 

Manitoba, Canada 

EI Batan, Mexico 

Arkansas, USA 

Minnesota, USA 

Minnesota, USA 

Northwest Italy 

Alabama, USA 

Saskatchewan, Canada 

Northem Egypt 

Hanang, Tanzania 

Northem Syria 

Saskatchewan, Canada 

Mississippi, USA 

Northem Syria 

North-westem Poland 

Texas Panhandle, USA 

Northem Egypt 

Mississippi, USA 

Manitoba, Canada 

Scardaci & Webster, 1982  

Hill et a/., 1983  

Smith et a/., 1984; Opperman & Bamard, 1992;  

Meyer & Wehner, 2000; Meyer & Van Dyk,  

2002  

Harris & Moen, 1985a,b  

Broscious & Frank, 1986  

Roberts & Sivasithamparam, 1986  

Fedel-Moen & Harris, 1987  

Piening & Orr, 1988  

Specht & Rush, 1988  

Tinline et a/., 1988  

Conner & Atkinson, 1989  

EI-Nashaar & Stack, 1989  

Sturz & Bemier, 1991  

Lawn & Sayre, 1989, 1992  

Milus & Rothrock, 1989  
<D 

Windels & Holen, 1989  

Windels & Wiersma, 1992  

Rossi et a/., 1995  

Chen et a/., 1996  

Duczek et al., 1996  

Fouly et al., 1996  

Kuwite et a/., 1996  

Van Leur et a/., 1997  

Bailey et a/., 2000  

Gonzalez & Trevathan, 2000  

Van Leur & Bailey, 2000  

Lemanczyk & Sadowski, 2002  

Specht & Rush, 1988  

Fouly et al., 1996  

Gonzalez & Trevathan, 2000  

Sturz & Bemier, 1991  

 
 
 



Botry/is cinerea Pers. : Fr.  

Botry/is spp.  

Brachysporium sp.  

Broomella acuta Schoem. & E. Mull.  

Cephalosporium sp.  

Ceratobasidium spp.  

Chaetomium cochlioides Pall  

C. funicola Cooke 

C. globosum Kunze 

C. indicum Corda 

Chaetomium sp.  

Chalara sp.  

Chrysosporium pannorum (Link) Hughes  

Cladosporium cladosporioides (Fresen.) GA de Vries  

C. herbarum (Pers.: Fr.) Link 

C. macrocarpum Preuss 

C. sphaerospemum Penz. 

Cladosporium spp. 

C. scorpioidea Linder 

C. thaxteri Linder 

Coemansia sp. 

W 

W, B 

W 

W 

W,B 

W 

W, B 

W 

W 

W 

W 

W 

W 

W 

W 

W,B 

W 

W 

W,B 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W,B 

W 

W 

W,B 

R 

R 

R 

R, SI 

R 

R 

R 

R 

R 

? 

R 

R 

? 

R 

R 

R 

R 

R 

R 

R 

R 

R 

? 

R 

R 

R 

R 

R 

R, SI 

R 

R 

R 

R 

Rothamsted, UK 

Rotharnsted, UK 

North-western Poland 

Hanang, Tanzania 

Rothamsted, UK 

Rothamsted, UK 

Rothamsted , UK 

Rothamsted, UK 

South Australia 

Mississippi, USA 

North-western Poland 

North-westem Poland 

Mississippi, USA 

Springbok Flats, SA 

South Australia 

Rothamsted, UK 

Rothamsted, UK 

Rothamsted, UK 

Rothamsted, UK 

North-western Poland 

Springbok Flats, SA 

Rothamsted, UK 

Mississippi, USA 

Manitoba, Canada 

Rothamsted, UK 

North-westem Poland 

Rothamsted , UK 

Rothamsted, UK 

Hanang, Tanzania 

Rothamsted, UK 

Rothamsted , UK 

Rothamsted, UK 

Rothamsted , UK 

Bateman & Kwasna, 1999  

Dawson & Bateman, 2001  

Lemanczyk & Sadowski, 2002  

Kuwite et al., 1996  

Dawson & Bateman, 2001  

Bateman & Kwasna, 1999  

Dawson & Bateman, 2001  

Bateman & Kwasna, 1999  

Rovira, 1986  

Gonzalez & Trevathan, 2000  

Lemanczyk & Sadowski, 2002  

Lemanczyk & Sadowski, 2002  

Gonzalez & Trevathan, 2000  

Meyer & Wehner, 2000  

Rovira, 1986  

Dawson & Bateman, 2001  

Bateman & Kwasna, 1999 N  
a 

Bateman & Kwasna, 1999  

Dawson & Bateman, 2001  

Lemanczyk & Sadowski, 2002  

Opperman & Bamard, 1992  

Bateman & Kwasna , 1999  

Gonzalez & Trevathan, 2000  

Sturz & Bernier, 1991  

Bateman & Kwasna, 1999  

Lemanczyk & Sadowski , 2002  

Bateman & Kwasna, 1999  

Bateman & Kwasna, 1999  

Kuwite et al., 1996  

Dawson & Bateman, 2001  

Bateman & Kwasna, 1999  

Bateman & Kwasna, 1999  

Dawson & Bateman, 2001  

 
 
 



Col/etotrichum graminicola (Ces.) GW . Wilson  W C Southem Brazil Diehl, 1979: Diehl et al., 1982  

W R Manitoba, Canada Sturz & Bemier, 1991  

W ? Mississippi, USA Gonzalez & Trevathan, 2000  

Colletotrichum spp. W R North-westem Poland Lemanczy\< & Sadowski, 2002  

Cunninghame/la sp. W R,SI Hanang, Tanzania Kuwite et aI. , 1996  

Curvulan'a inaequalis (Shear) Boedijn W ? Wyoming, USA Hill et al. , 1983  

C. lunata (Wakker) Boedijn W R Springbok Flats, SA Opperman & Bamard, 1992  

W ? Mississippi, USA Gonzalez & Trevathan, 2000  

Curvularia spp.  W R, C,SI Southem Brazil Diehl, 1979; Diehl et al., 1982  

W R Texas Panhandle, USA Specht & Rush, 1988  

W R,SI Hanang, Tanzania Kuwite et al., 1996  

W R Springbok Flats, SA Meyer & Van Dyk, 2002  

Cylindrocarpon destructans (Zinssm.) Scholten W R South Australia Rovira, 1986  

W R Manitoba, Canada Sturz & Bemier, 1991  

W R Rothamsted , UK Bateman & Kwasna, 1999  

W R North-westem Poland Lemanczyk & Sadowski, 2002  

C. macro conidia lis Brayford & Samuels  W R Rothamsted, UK Bateman & Kwasna, 1999 N 

C. magnusianum Wollenw.  W R Manitoba, Canada Sturz & Bemier, 1991  

Cylindrocarpon spp.  W,B R Rothamsted , UK Salt, 1979: Dawson & Bateman, 2001  

W R Manitoba, Canada Sturz & Bemier, 1991  

W R Rothamsted, UK Bateman & Kwasna , 1999  

Dactylaria appendiculata Cazau, Aramb. & Cabello W R Rothamsted , UK Bateman & Kwasna , 1999  

Dactylaria sp. W R Rothamsted, UK Bateman & Kwasna, 1999  

Dendryophion nanum (Nees ex Gray) Hughes W R Rothamsted, UK Bateman & Kwasna , 1999  

W,B R Rothamsted, UK Dawson & Bateman, 2001  

W R North-westem Poland Lemanczyk & Sadowski, 2002  

Doratomyces stemonitis (Pers. : Fr.) Morton & Smith W,B R Rothamsted, UK Dawson & Bateman, 2001  

Doratomyces sp. W R North-westem Poland Lemanczy\< & Sadowski, 2002  

.•1- - Drechslera bisepta (Sacc. & Roum.) Richardson & Fraser W R South Australia Hams & Moen, 1985b  

\f1 () Drechslera phlei (Graham) Shoemaker W,B R Rothamsted, UK Dawson & Bateman, 2001  
(\  Echinostelum elachiston Alexop.  W R Rothamsted, UK Bateman & Kwasna, 1999 
G" 

Embellisia chlamydospora (Hoes, Bruehl & Shaw) Simmons W R South Australia Hams & Moen, 1985a,b  

\i W R,C, SI Mississippi, USA Gonzalez & Trevathan, 2000  
...J 
i 

\J1 
-.() 0­

, ­

 
 
 



Emerricel/opsis sp. 

Epicoccum nigrum Link 

Epicoccum spp.  

Exophiala sp.  

Exserohilum novae-zelandiae Upadhyay & Mankau  

E. rostra tum (Drechs.) K.J. Leonard & E.G. Suggs 

Fusarium acuminatum Ellis & Everh. 

F. anthophilum (A. Braun) Wollenw. 

W 

W 

W 

W 

W 

W 

W 

W 

W,B 

W 

W 

W 

W 

W, B 

W 

W 

W 

W 

W 

W 

W 

W, B 

W 

W 

W 

W 

W,B 

W 

W 

W 

B 

W 

R 

R, C, SI 

R 

R 

R,C 

R,C 

R 

? 

R 

R 

SI 

R 

R 

R 

R,C 

C, SI 

R 

SI 

C 

R, C, SI 

C, SI 

R, C, SI 

C 

R, SI 

C, SI 

R 

SI 

R,C 

R 

R, C, SI 

C,SI 

C 

North-westem Poland 

Southem Brazil 

Manitoba, Canada 

Springbok Flats, SA 

Alabama, USA 

Northem Egypt 

Rothamsted, UK 

Mississippi, USA 

Rothamsted, UK 

North-westem Poland 

Minnesota, USA 

Rothamsted, UK 

Rothamsted, UK 

Rothamsted, UK 

Kadawa, Nigeria 

Saskatchewan, Canada 

Washington , USA 

Saskatchewan, Canada 

Eastem Australia 

Southem Brazil 

Colorado & Wyoming, USA 

South Australia 

Orange Free State , SA 

Texas Panhandle, USA 

Minnesota, USA 

Manitoba, Canada 

Minnesota, USA 

Fars Province, Iran 

Saskatchewan, Canada 

Mississippi, USA 

Northern Syria 

Northwest Italy 

Lemanczyk & Sadowski, 2002 

Diehl et al., 1982  

Sturz & Bemier, 1991  

Opperman & Bamard, 1992  

Chen et al., 1996  

Fouly et al. , 1996  

Bateman & Kwasna , 1999  

Gonzalez & Trevathan, 2000  

Dawson & Bateman, 2001  

Lemanczyk & Sadowski, 2002  

Windels & Holen, 1989  

Bateman & Kwasna, 1999  

Bateman & Kwasna, 1999  

Dawson & Bateman, 2001  

Marley & Adeoti, 1995  

Chinn et al., 1962 N  
N  

Hoes, 1962  

Sallans & Tinline, 1965; Harding, 1973  

Burgess et aI., 1975  

Diehl, 1979; Diehl et al., 1982  

Hill et a/., 1983  

Fedel-Moen & Harris, 1987  

Van Wyk et al., 1987  

Specht & Rush, 1988  

Windels & Holen, 1989  

Sturz & Bernier, 1991  

Windels & Wiersma, 1992  

Ravanlou & Banihashemi , 1999  

Bailey et al., 2000  

Gonzalez & Trevathan, 2000  

Van Leur & Bailey, 2000  

Rossi et al., 1995  

 
 
 



F. avenaceum (Fr. : Fr.) Sacco W,B R,C Montana, USA Sharp, 1959  

W ? Lancashire, Cheshire, UK Colhoun & Park, 1964  

W C Pacific Northwest, USA Cook,1968  

W R Victoria, Australia Chambers, 1972  

W C Eastern Australia Burgess et al., 1975  

W R, C, SI Southern Brazil Diehl,1979  

W ? Colorado & Wyoming, USA Hill et al., 1983  

W R South Australia Harris & Moen, 1985a,b  

W R Texas Panhandle, USA Specht & Rush, 1988  

W C,SI Minnesota, USA Windels & Holen, 1989  

W R Manitoba, Canada Sturz & Bernier, 1991  

W,B SI Minnesota, USA Windels & Wiersma, 1992  

W C Northwest Italy Rossi et al., 1995  

B R,C Prince Edward Island, Canada Sturz & Carter, 1995  

W R Rothamsted , UK Bateman & Kwasna, 1999  

W R,C Fars Province, Iran Ravanlou & Banihashemi, 1999  

W R, C, SI Mississippi , USA Gonzalez & Trevathan, 2000  N 
W 

W, B R Rothamsted, UK Dawson & Bateman, 2001  

W R North-western Poland Lemanczyk & Sadowski , 2002  

F. camptoceras Wollenw. & Reinking  W R Victoria, Australia Chambers, 1972  

F. chlamydosporum Wollenw. & Reinking W C Orange Free State, SA Van Wyk et al., 1987  

W SI Queensland, Australia Tinline et al., 1988  

W R Springbok Flats, SA Opperman & Barnard, 1992; Meyer & Wehner,  

2000; Meyer & Van Dyk, 2002  

W R, C,SI Mississippi, USA Gonzalez & Trevathan, 2000  

W C Northwest Italy Rossi et al., 1995  

F.  compactum (Wollenw.) Gordon W C Orange Free State, SA Van Wyk et al., 1986, 1987  

W R,C, SI Mississippi, USA Gonzalez & Trevathan, 2000  

F.  concolor Reinking B R Tanzania Ebbels & Allen, 1979  

W C West Kilimanjaro, Tanzania  

W,B R Rothamsted, UK Dawson & Bateman, 2001  

F. crookwellense L.W. Burgess, P.E. Nelson & Toussoun W C Orange Free State, SA Van Wyk et al., 1987 

W C Minnesota, USA Windels & Holen, 1989 

 
 
 



F. culmorum (Wm.G. Sm.) Sacco 

F. dimerum Penz. 

F. equiseti (Corda) Sacco 

W 

W 

W 

W 

W 

W,B 

W 

W 

W 

W , B 

W 

W 

W 

B 

W 

W 

W 

W,B 

W 

W 

W 

W 

W 

W 

W,B 

W 

W 

W 

W 

W 

W 

W 

W 

C 

C, SI 

? 

C 

SI 

R,C,SI 

R 

C 

R 

C, SI 

? 

R 

C 

SI 

R 

C,SI 

R 

SI 

C 

R,C 

R 

R,C 

R 

R,C, SI 

R 

R 

C, SI 

C 

R 

C, SI 

R 

SI 

R 

Northwest Italy 

Saskatchewan, Canada 

Lancashire, Cheshire, UK 

Highveld Region, SA 

Saskatchewan, Canada 

Pacific Northwest, USA 

Victoria, Australia 

Eastern Australia 

Eastem Free State, Vaalharts, Westem Cape, SA 

Califomia , USA 

Colorado & Wyoming, USA 

Springbok Flats, SA 

Orange Free State, SA 

Westem Canada 

EI Batan, Mexico 

Minnesota, USA 

Manitoba, Canada 

Minnesota, USA 

Northwest Italy 

Northern Egypt 

Rothamsted, UK 

Fars Province, Iran 

Saskatchewan, Canada 

Mississippi, USA 

Rothamsted, UK 

North-western Poland 

Minnesota, USA 

Northwest Italy 

Rothamsted, UK 

Saskatchewan, Canada 

Washington, USA 

Saskatchewan, Canada 

Victoria , Australia 

Rossi et al., 1995  

Chinn et al., 1962  

Colhoun & Pari<, 1964  

Jooste, 1965  

Sallans & Tinline, 1965; Harding, 1973  

Cook,1968  

Chambers, 1972  

Burgess et al., 1975  

Maas & Kotze, 1981  

Scardaci & Webster, 1982  

Hill et al., 1983  

Smith et al., 1984; Smith & Wehner, 1986  

Van Wyk et al., 1987  

Piening & Orr, 1988  

Lawn & Sayre, 1989  

Windels & Holen, 1989  

Sturz & Bernier, 1991 N  

Windels & Wiersma, 1992  

Rossi et al., 1995  

Fouly et al., 1996  

Bateman & Kwasna , 1999  

Ravanlou & Banihashemi, 1999  

Bailey et al., 2000  

Gonzalez & Trevathan , 2000  

Dawson & Bateman, 2001  

Lemanczyk & Sadowski, 2002  

Windels & Holen, 1989  

Rossi et al., 1995  

Bateman & Kwasna , 1999  

Chinn et al., 1962  

Hoes, 1962  

Sallans & Tinline, 1965; Harding, 1973  

Chambers, 1972  

 
 
 



F. f/occiferum Corda 

F. gramineraum Schwabe 

F. heterosporum Nees 

F. lateritium Nees: Fr. 

F. cf. longipes Wollenw. & Reinking 

F. merismoides Corda 

W 

W 

W 

W 

W 

W 

W, B 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

B 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W,B 

C 

R,C, SI 

? 

R 

R 

R,C 

R, C,SI 

C 

R, SI 

C,SI 

R 

R,C 

R, C 

C 

R 

R, C 

R 

R, C, SI 

C, SI 

R 

R 

C 

C, SI 

C 

R. SI 

C 

C 

R 

R 

R 

R 

Eastem Australia 

Southem Brazil 

Colorado & Wyoming, USA 

Springbok Flats, SA 

South Australia 

Orange Free State, Transvaal, SA 

South Australia 

Orange Free State, SA 

Texas Panhandle, USA 

Minnesota, USA 

Manitoba, Canada 

Transvaal, SA 

Kadawa, Nigeria 

Northwest Italy 

Rothamsted, UK 

Fars Province, Iran 

Saskatchewan, Canada 

Mississippi, USA 

Northem Syria 

North-westem Poland 

Rothamsted , UK 

Eastem Australia 

Minnesota, USA 

Eastem Australia 

Hanang, Tanzania 

Northwest Italy 

Orange Free State, SA 

South Australia 

Manitoba, Canada 

Rothamsted , UK 

Rothamsted , UK 

Burgess et 81., 1975  

Diehl, 1979; Diehl et 81., 1982  

Hill et 81., 1983  

Smith et 81., 19B4; Smith & Wehner, 1986;  

Opperman & Bamard, 1992; Meyer & Wehner,  

2000; Meyer & Van Dyk, 2002  

Harris & Moen, 1985a,b  

Maas & Kotze, 1985  

Fedel-Moen & Harris , 1987  

Van Wyk et 81., 1987  

Specht & Rush , 1988  

Windels & Holen, 1989  

Sturz & Bemier, 1991  

Lubbe et 81., 1992  

Marley & Adeoti, 1995  

Rossi et al., 1995  

Bateman & Kwasna, 1999 '"  <Jl 
Ravanlou & Banihashemi, 1999  

Bailey et al., 2000  

Gonzalez & Trevathan, 2000  

Van Leur & Bailey, 2000  

Lemanczyk & Sadowski , 2002  

Bateman & Kwasna, 1999  

Burgess et al., 1975  

Windels & Holen, 1989  

Burgess et al., 1975  

Kuwite et al., 1996  

Rossietal. , 1995  

Van Wyk et al., 1987  

Harris & Moen, 1985b 

Sturz & Bemier, 1991  

Bateman & Kwasna , 1999  

Dawson & Bateman, 2001  

 
 
 



F. nygamai loW. Burgess &Trimboli 

F. oxysporum Schltdl. em. W.C. Snyder & H.N. Hansen 

F. pal/idoroseum (Cooke) Sacco 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W, B 

W 

W 

W 

W 

W 

W 

B 

W 

W 

W 

W 

W 

W 

W,B 
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Washington, USA 

Saskatchewan, Canada 

Southem Brazil 

South Australia 

Minnesota, USA 

Manitoba, Canada 

Springbok Flats, SA 

Hanang, Tanzania 

Rothamsted, UK 

Mississippi, USA 

Rothamsted, UK 

North-westem Poland 

Rothamsted, UK 

Rothamsted, UK 

Eastem Free State, Vaalharts, SA 

Springbok Flats, South Africa 

Brits, Eastem Free State, Springbok Flats, 

Vaalharts, Westem Cape, SA 

South Australia 

Manitoba, Canada 

Rothamsted, UK 

Mississippi, USA 

Rothamsted, UK 

North-westem Poland 

Washington, USA 

Hanang, Tanzania 

Rothamsted, UK 

Hertshire, UK 

Cambshire, UK 

Springbok Flats, SA 

Hanang, Tanzania 

Hoes, 1962 

Harding, 1973 

Diehl et al. , 1982 

HarTis & Moen, 1985a,b 

Windels & Holen, 1989 

Sturz & Bemier, 1991 

Opperman & Bamard, 1992 

Kuwite et al., 1996 

Bateman & Kwasna , 1999 

Gonzalez & Trevathan, 2000 

Dawson & Bateman, 2001 

Lemanczyk & Sadowski , 2002 

Bateman & Kwasna, 1999 

Dawson & Bateman, 2001 

Maas & Kotze, 1981 

Scott et a/., 1979; Opperman & Bamard, 1992; 

Meyer & Wehner, 2000; Meyer & Van Dyk, w 
c.n 

2002 

Maas & Kotze, 1981 

HarTis & Moen, 1985a 

Sturz & Bemier, 1991 

Bateman & Kwasna, 1999 

Gonzalez & Trevathan, 2000 

Dawson & Bateman, 2001 

Lemanczyk & Sadowski , 2002 

Hoes, 1962 

Kuwite et al., 1996 

Dawson & Bateman, 2001 

Deacon, 1974 

Meyer & Van Dyk, 2002 

Kuwite et al., 1996 

 
 
 



Phoma chrysanthemicola HoliOs 

P. eupyrena Sacco 

P. glomerata (Corda) Wollenw. & Hochapfel 

P. medicaginis Malbr. & Roum. var. pinodel/a (L.K. Jones) 

Boerema 

P. sorghina (Sacc.) Boerema. Dorenb. & Kesteren 

Phomaspp. 

Phytophthora cactorum (Lebert & Cohn) J. SeMi!.  

Piptocephalis xenophila Cobbs & English  

Pleurocatena acicularis G. Arnaud ex Aramb.  

Polyscytalum fecundissimum Ries.  

Pyrenochaeta sp.  

Pyrenophora graminea Ito & Kuribayashi  

pythium aphanidermatum (Edson) Fitzp.  

P. aristosporum Vanterpool 

P. arrhenomanes Drechsler 

P. graminicola Subraman. 

P. heterotal/icum W.A. Campb. & J.w. Hendrix 
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Rothamsted. UK 

South Australia 

Rothamsted. UK 

Rothamsted. UK 

Rothamsted. UK 

Mississippi . USA 

Rothamsted. UK 

Mississippi. USA 

Rothamsted. UK 

Rothamsted. UK 

North-western Poland 

Rothamsted. UK 

Rothamsted. UK 

Rothamsted. UK 

Rothamsted. UK 

Rothamsted. UK 

Rothamsted. UK 

Manitoba. Canada 

Springbok Flats. SA 

Saskatchewan. Canada 

Pacific Northwest. USA 

Arkansas. USA 

Springbok Flats . SA 

Rothamsted. Lincolnshire. UK 

Saskatchewan. Canada 

Northern Great Plains. USA 

Tennessee. USA 

Arkansas. USA 

Springbok Flats. SA 

Cambridge. UK 

Arkansas. USA 

Pacific Northwest. USA 

Bateman & Kwasna. 1999 

Harris & Moen. 1985b 

Bateman & Kwasna. 1999 

Dawson & Bateman. 2001 

Bateman & Kwasna. 1999 

Gonzalez & Trevathan. 2000 

Bateman & Kwasna. 1999 

Gonzalez & Trevathan. 2000 

Bateman & Kwasna. 1999 

Dawson & Bateman. 2001 

Lemanczyk & Sadowski, 2002 

Bateman & Kwasna. 1999 

Bateman & Kwasna. 1999 

Bateman & Kwasna. 1999 

Dawson & Bateman. 2001 

Bateman & Kwasna. 1999 w 
en 

Bateman & Kwasna. 1999 

Sturz & Bernier. 1991 

Meyer & Wehner. 2000 

Vanterpool. 1938 

Chamswarng & Cook. 1985 

Rhoads et al.• 1993 

Meyer & Van Dyk. 2002 

Vanterpool . 1938 

Vanterpool & Sprague. 1942 

Reed . 1952 

Rhoads et a/.. 1993 

Meyer & Van Dyk. 2002 

Vanterpool. 1938 

Rhoads et al.. 1993 

Chamswarng & Cook. 1985 

 
 
 



P. intermedium de Bary 

P. irregulare Buisman 

P. monospermum Pringsh. 

P. oligandrum Drechsler 

P. sy/vaticum W.A. Campb. & J.w. Hendrix 

P. tardicrescens Vanderpool 

P. torulosum Coker & Patterson 

P. tracheiphilum Matta 

P. ultimum Trow 

P. ultimum Trow var. sporangiiferum Drechsler 

P. ultimum Trow var. ultimum 

P. vanterpoolii V. Kouyeas & H. Kouyeas 

P. volutum Vanterpool & Truscott 

Pyfhium spp. 
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Rothamsted, UK 

Pacific Northwest, USA 

Westem Australia 

Arkansas, USA 

Rothamsted, UK 

Arkansas, USA 

Springbok Flats, SA 

Brits , Eastem Free State, Springbok Flats, 

Vaalharts, Westem Cape, SA 

Pacific Northwest, USA 

Arkansas, USA 

Slough, UK 

Saskatchewan, Canada 

Rothamsted, UK 

Reading, UK 

Pacific Northwest, USA 

Arkansas , USA 

Springbok Flats, SA 

Pacific Northwest, USA 

Arkansas, USA 

Rothamsted, UK 

Pacific Northwest, USA 

Pacific Northwest, USA 

Arkansas, USA 

Ramsgate, Slough, UK 

Montana, USA 

Southem Brazil 

Rothamsted, UK 

Pacific Northwest, USA 

Pennsylvania, USA 

Westem Australia 

Pacific Northwest, USA 

Eastem Washington 

Bateman & Kwasna, 1999  

Chamswamg & Cook, 1985  

Roberts & Sivasithamparam, 1986  

Rhoads et al., 1993  

Bateman & Kwasna, 1999  

Rhoads et al., 1993  

Scott et al., 1979  

Maas & Kotze, 1981  

Chamswamg & Cook, 1985  

Rhoads et al., 1993  

Vanterpool , 1938  

Vanterpool , 1938  

Chamswamg & Cook, 1985  

Rhoads et al., 1993 w  
--.I 

Meyer & Van Dyk, 2002  

Cook et al. , 1980  

Rhoads et al., 1993  

Bateman & Kwasna, 1999  

Chamswamg & Cook, 1985  

Chamswamg & Cook, 1985  

Rhoads et al., 1993  

Vanterpool, 1938  

Sharp, 1959  

Diehl, 1979; Diehl et al., 1982  

Salt, 1979; Dawson & Bateman, 2001  

Chamswamg & Cook, 1985  

Broscious & Frank, 1986  

Roberts & Sivasithamparam, 1986  

Weller et al., 1986  

Cook et al., 1987  

 
 
 



Ramichloridium schulzeri (Sacc.) de Hoog 

Ramulispora anguioides (Nirenberg) Crous 

R. herpotricoides (Fron) Arx 

Rhizoctonia cerealis van der Hoeven 

R. oryzae Ryker & Gooch 

R. so/ani J.G. KOhn 
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Central Saudi Arabia 
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Minnesota, USA 
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North-western Poland 

Rothamsted , UK 

Rothamsted, UK 

Rothamsted , UK 

Rothamsted, UK 

Montana, USA 

Rothamsted, UK 

Springbok Flats, SA 
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Pacific Northwest, USA 
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Arkansas, USA 
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Goias, Brazil 
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EI-Meleigi, 1988  

Milus & Rothrock, 1989  

Windels & Holen, 1989  

Leyva & Villaser'\or, 1993  

Rossi et al., 1995  

Bateman & Kwasna , 1999  

Gonzalez & Trevathan, 2000  

Lemanczyk & Sadowski, 2002  

Bateman & Kwasna, 1999  

Dawson & Bateman, 2001  

Bateman & Kwasna, 1999  

Dawson & Bateman, 2001  

Sharp, 1959  

Dawson & Bateman, 2001  

Scott et al., 1979  

Sturz & Bernier, 1991  

Burton et a/., 1988 w  
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Ogoshi et a/., 1990  

Samuel & Garrett, 1932  

Dillon-Weston & Garrett. 1943  

Bruehl. 1951  

Benedict & Mountain. 1956  

Burgess et al.. 1975  

Sterne &Jones. 1978  

Diehl , 1979; Diehl et a/., 1982  

Murray & Nicolson, 1979; Murray. 1981  

Scott et al., 1979; Smith et al.. 1984; Deacon &  

Scott, 1985; Smith &Wehner, 1986; Opperman  

& Bamard, 1992; Meyer et a/., 1998; Meyer &  

Wehner, 2000; Meyer & Van Dyk, 2002  

Bolkan & Ribeiro , 1985  

Harris &Moen, 1985a,b 

 
 
 



Rhizoctonia spp. 

Rhizopus stolonifer (Ehrenb.: Fr.) Vuill. 

Rhizopus spp. 

Sclerotium rolfsii Sacco 
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South Australia 

Western Australia 

New South Wales, Australia 

South Australia 

Pacific Northwest, USA 

Barnham Broom, Norfolk, Watton, UK 

South Australia 

Texas Panhandle, USA 

Minnesota, USA 

Pacific Northwest, USA 

Manitoba, Canada 

High Valleys, Mexico 

Texas Panhandle, USA 

Western Australia 

Prince Edward Island, Canada 

Alabama, USA 

Northern Egypt 

Hanang, Tanzania 

Erzurum, Turkey 

Highveld Region, SA 

Eastern Free State, Springbok Flats, SA 

Arkansas, USA 

Hanang, Tanzania 

Mississippi , USA 

North-western Poland 

South Australia 

Pennsylvania, USA 

Manitoba, Canada 

Hanang, Tanzania 

Mississippi , USA 

Alabama, USA 

Texas, USA 

Neate, 1985; Neate & Warcup, 1985; Rovira ,  

1986; Thongbai et al., 1993  

Roberts & Sivasithamparam, 1986  

Rovira et al., 1986  

Weller et al., 1986  

Burton et al., 1988  

Specht & Rush, 1988  

Windels & Holen, 1989  

Ogoshi et al., 1990  

Sturz & Bernier, 1991  

Leyva & Villasenor, 1993  

Rush et al., 1994  

Yang et al. , 1994, 1995  

Sturz & Carter, 1995  

Chen et al., 1996 (;.)  
(!) 

Fouly et al., 1996  

Meyer et al., 1996, 1998  

Demirci, 1998  

Jooste, 1965  

Maas & Kotze, 1981  

Milus & Rothrock, 1989  

Kuwite et al., 1996  

Gonzalez & Trevathan, 2000  

Lemanczyk & Sadowski , 2002  

Harris & Moen, 1985a,b  

Broscious & Frank, 1986  

Sturz & Bernier, 1991  

Kuwite et al., 1996  

Gonzalez & Trevathan, 2000  

Godfrey, 1918  

Kilpatrick & Merkle, 1967  

 
 
 



Scopulariopsis brevicaulis (Sacc.) Brainier  

Scopulariopsis spp.  

Septonema secedens Corda  

Sordaria spp.  

Spicaria spp.  

Sporothrix schenckii Hektoen & Perkins  

Sporotrichum sp.  

Stemphylium spp.  

Thielavia terricola (Gilman &Abbott) Emmons 

Thielavia sp. 

Torula herbarum (Pers.) Link ex S.F. Gray 

Torula spp. 

Tricellula aquaticia J. Webster 

Trichoderma atroviride Karsten 

T. aureoviride Rifai 

T. crassum Bissett 

T. hamatum (Bon.) Bain. 

T. harzianum Rifai 

T. koningii Oudem. 

T. longipilis Bissett 

T. polysporum (Link) Rifai 
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Rothamsted, UK 

Manitoba, Canada 
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Rothamsted, UK 

Rothamsted, UK 

South Australia 

Washington, USA 

Central Saudi Arabia 

North-western Poland 

North-westem Poland 

Manitoba, Canada 

Rothamsted, UK 

Washington, USA 

North-western Poland 

Rothamsted, UK 

Rothamsted , UK 

Rothamsted, UK 

Manitoba, Canada 

Rothamsted, UK 

Rothamsted, UK 

Manitoba, Canada 

Rothamsted, UK 

Rothamsted, UK 

North-western Poland 

Rothamsted, UK 

North-western Poland 

Rothamsted, UK 

Rothamsted, UK 

Burgess et a/., 1975 

Maas &Kotze, 1981 

Smith et al., 1984; Meyer & Van Dyk, 2002 

Lemanczyk & Sadowski, 2002 

Lemanczyk & Sadowski, 2002 

Dawson & Bateman, 2001 

Sturz & Bernier, 1991 

Sturz & Bernier, 1991 

Bateman & Kwasna, 1999 

Dawson & Bateman, 2001 

Hanis & Moen, 1985b 

Hoes, 1962 

EI-Meleigi,1988 

Lemanczyk & Sadowski, 2002 

Lemanczyk & Sadowski, 2002 

Sturz & Bernier, 1991 

Dawson & Bateman, 2001 a -"" 

Hoes, 1962 

Lemanczyk & Sadowski, 2002 

Bateman & Kwasna, 1999 

Dawson & Bateman, 2001 

Bateman & Kwasna, 1999 

Sturz & Bernier, 1991 

Bateman & Kwasna, 1999 

Bateman & Kwasna , 1999 

Sturz & Bernier, 1991 

Bateman & Kwasna, 1999 

Bateman & Kwasna, 1999 

Lemanczyk & Sadowski, 2002 

Bateman & Kwasna, 1999 

Lemanczyk & Sadowski, 2002 

Bateman & Kwasna, 1999 

Bateman & Kwasna, 1999 

 
 
 



T. viride Pers.: Fr. 

Trichoderma spp. 

Ulocladium atrum Preuss 

U. botrytis Preuss 

Verticillium bulbillosum W. Gams & Malia 

V. catenulatum (Kamyschko ex Barron & Onions) W. Gams 

V. chlamydosporium Goddard 

V. fungico/a (Preuss) Hassebrauk 

V. lame/licola (F.E.V. Sm.) W. Gams 

V. lecanii (A.W. Zimmerm.) Viegas 

V. nigrescens Pethybr. 

V. tenerum Ness 

Verticillium spp. 

Wailea circinata Warcup & Talbot  

Wailea spp.  

Wojnowicia hirta Sacco  

- .- -----­

'VV = wheat, B = bar1ey 
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North-westem Poland 

South Australia 

Rothamsted, UK 

Mississippi, USA 

North-westem Poland 

Washington, USA 

Westem Australia 

Minnesota, USA 

Hanang, Tanzania 

Rothamsted, UK 

Rothamsted, UK 

North-westem Poland 

South Australia 

Rothamsted, UK 

Rothamsted, UK 

Rothamsted, UK 

Rothamsted, UK 

North-westem Poland 

Rothamsted, UK 

Rothamsted, UK 

Rothamsted, UK 

Rothamsted, UK 

North-westem Poland 

Rothamsted, UK 

Mississippi, USA 

Rothamsted, UK 

Westem Australia 

Erzurum, Turkey 

Westem Australia 

Montana, USA 

Wyoming, USA 

Northwest Italy 

Lemanczy1< & Sadowski, 2002  

Harris & Moen, 1985a  

Bateman & Kwasna, 1999  

Gonzalez & Trevathan, 2000  

Lemanczyk & Sadowski, 2002  

Hoes, 1962  

Roberts & Sivasithamparam, 1986  

Windels & Holen, 1989  

Kuwite et al., 1996  

Bateman & Kwasna, 1999  

Dawson & Bateman, 2001  

Lemanczyk & Sadowski, 2002  

Rovira, 1986  

Bateman & Kwasna, 1999  

Dawson & Bateman, 2001  

Bateman & Kwasna, 1999  

Bateman & Kwasna, 1999  

Lemanczy1< & Sadowski , 2002  

Bateman & Kwasna, 1999  

Bateman & Kwasna, 1999  

Bateman & Kwasna, 1999  

Bateman & Kwasna, 1999  

Lemanczyk & Sadowski, 2002  

Bateman & Kwasna, 1999  

Gonzalez & Trevathan, 2000  

Dawson & Bateman, 2001  

Roberts & Sivasithamparam, 1986  

Demirci, 1998  

Yang et al., 1994  

Sharp, 1959  

Hill et al., 1983  

Rossi et al., 1995  

bR = roots, C = crowns, SI = subcrown intemodes, ? = not specified whether isolated from roots, crowns or subcrown intemodes 

 
 
 



CHAPTER 3  

MATERIALS AND METHODS  

3.1 SAMPLING  

Sampling was conducted during the wheat and barley growing seasons in 1997 and 

1998. A total of 96 wheat and six barley plant and soil samples were collected from 

the seven farming units at HWC in April 1997. Samples of PS-affected and non­

affected areas were taken in triplicate from different soil types on each farm, 

approximately four weeks after sowing. Due to late planting, farms in Karatu and 

West-Kilimanjaro could not be sampled at this time. In May 1998, 42 wheat and 42 

barley plant and soil samples were collected from nine farms, five in Karatu and four 

in West-Kilimanjaro, four to six weeks after sowing. Where possible, three samples . 
were taken from diseased areas and three from disease-free areas on different soil 

types on each farm. Where affected and non-affected areas could not be discerned, 

three replicate samples were collected randomly. Flooding in HWC precluded 

sampling there in 1998. 

All samples were transported in plastic bags to Selian Agricultural Research Institute 

in Arusha, Tanzania. At the institute, plant and soil samples were separated and 

transferred to paper bags which were packed into carton boxes and sealed. The 

boxes with samples were dispatched by air to South Africa. 

3.2 ISOLATION 

3.2.1 Direct isolation from wheat and barley plants 

At the University of Pretoria, each sample comprising 10 plants was washed free of 

soil and rated on a scale of 0-5 for the incidence of root nodules and sclerotial 

sheaths of R. so/ani, and for pinkish to purplish discoloration of roots and brown 

discoloration of crowns indicative of infection by Fusarium spp. and B. sorokiniana, 

respectively. The rating scales were as follows: 
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1.  Root nodules and sclerotial sheaths  

0 = 0  

1 = 1-2  

2 =3-4  

3 =5-7  

4 =8-10  

5 =>10  

2.  Discoloration  

0 = none  

1 =trace  

2 =slight  

3 =moderate  

4 =extensive  

5 =entire  

Roots and crowns were cut into segments ca. 10 mm long, disinfested superficially in 

3 % sodium hypochlorite for one minute, rinsed in sterile distilled water (SDW) and 

blot-dried aseptically. Twenty randomly-selected root and five crown segments per 

sample were plated on half-strength potato-dextrose agar (%PDA) supplemented 

with 50 mg r1 rifampicin. A further 10 root and five crown segments were plated on 

water agar. Fungi thatdeveloped from the root and crown segments on %PDA after 

incubation for 5-10 days at 27 °e were recorded, isolated and identified. The water 

agar plates served as back-up and fungal colonies developing on them were only 

considered when the presence of fast-growing fungi on %PDA plates precluded 

isolation of colonies developing less rapidly. Representative isolates of each species 

were maintained in SDW at 8 °e. 

3.2.2 Indirect isolation from soil 

The three replicates of each of the various soil samples were pooled, mixed and 

dispensed into eight 250 ml plastic cups. The soil in the cups was allowed to settle 

for six weeks (Gill et al., 2002) and was watered once a week with tap water. After 

the six weeks, four cups per sample were each planted to five wheat (cv. Palmiet) 
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seeds and the remaining four to five barley (cv. Clipper) seeds. Seeds were surface­

disinfested for one minute in 3 % sodium hypochlorite and rinsed in SOW prior to 

planting. Cups were randomly arranged in a greenhouse compartment set to a 

temperature regime of 28 °C (day) and 20 °C (night), and received tap water twice a 

week. Plants were removed from the cups after eight weeks, rated and processed as 

above. 

3.3 CHARACTERISATION OF RHIZOCTONIA ISOLATES 

3.3.1 Nuclear number 

Mature actively-growing hyphae from all Rhizoctonia isolates were mounted on 

microscope slides, stained with acridine orange (Yamamoto & Uchida, 1982), and 

observed at 400x magnification under UV illumination. The number of nuclei per cell 

was determined from 15 observations per isolate. 

3.3.2 Anastomosis grouping 

Anastomosis group affinity of representative R. solani isolates with tester isolates of 

11 anastomosis groups of R. solani were established according to a modification 

(Carling et al., 1987) of the method described by Parmeter et al. (1969). 

3.4 PATHOGENICITY TESTS 

Representative isolates of various fungal taxa, selected according to frequency of 

isolation and probability of pathogenicity, were screened for pathogenicity on wheat 

(cv. Inia) and barley (cv. Clipper) seedlings according to a modified "paper doll" 

method (Rivera & Bruehl, 1963). Seeds were surface-disinfested in 3 % sodium 

hypochlorite for 5 minutes, rinsed in SOW, blot-dried aseptically, plated on water agar 

and allowed to germinate at 27 °C for 48 hours. Ten mycelium-containing discs were 

removed with a sterile 10-mm-diameter cork borer from a 7 -day-old culture of each 

isolate on %POA and positioned ca. 30 mm apart in a row on three layers of 255 x 

380 mm germination paper (Anchor). A germinated wheat seed was placed on each 

of five of the mycelium discs and a barley seed on each of the remaining five discs. 

The seeds were covered with an additional layer of germination paper, and the stack 

of sheets was moistened with 75 ml SOW, rolled sideways and secured with elastic 

bands. Each "paper doll" was placed in a plastic bag, the bag loosely tied with an 
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elastic band and incubated vertically in the dark in a controlled environment cabinet 

at 25 °C. Six "paper dolls" were included per isolate. Controls comprised "paper 

dolls" with uncolonised IiPDA discs on which the seeds were placed. 

Seedling mortality was recorded after 10 days. Seedlings were also assessed for 

ectotrophic fungal growth on the roots and shoots, and extent of root and shoot 

necrosis. Ratings were according to the following scales (Rufenacht, 1980): 

1.  Seedling mortality (%)  

0=0  

1 = 1-30  

2 =31-60  

3 =61-100  

2.  Ectotrophic growth from inoculation site (mm) 

0= 0  

1 = 5-10  

2 = 11-30  

3 = >30  

3.  Root and shoot necrosis 

o= no lesions  

1 =microscopic lesions  

2 =lesions >3 mm diameter  

3 = extensive necrosis  

Total disease score for each isolate was calculated using the formula: 

Total score = mortality rating + ectotrophic growth ratings + necrosis ratings 

The roots and shoots of each seedling were measured and the shoots were weighed. 

Mean root and shoot length and fresh shoot mass of the seedlings were used to 

compare the effect of fungal infection on seedling growth. 
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For re isolation of the inoculated fungi, roots and crowns were cut into segments ca. 

10 mm long, surface-disinfested for one minute in 3 % sodium hypochlorite, rinsed in 

SOW and blot-dried aseptically. For each paper doll, 10 root and five crown 

segments from wheat and barley, respectively, were plated on %PDA supplemented 

with 50 mg r1 rifampicin, incubated for 5-10 days at 27 °C, and the identity of the 

inoculated fungus confirmed. 

3.5 SOIL ANALYSIS 

A sub-sample of each pooled soil sample was submitted to the Soil Science 

Laboratory, University of Pretoria, for determination of the soil texture. 

3.6 STATISTICAL ANALYSIS 

All data were analysed using GenStat (2000). Frequencies or proportions of the 

different disease rating categories were analysed by chi-square at 5 % level of 

significance. Where frequencies were too low to allow analysis, some categories 

were pooled. Data for isolation of fungi from wheat and barley roots and crowns 

were extremely unbalanced. As the data could not be normalised by any 

transformation, analysis of variance was precluded. Some of the data could be 

analysed by grouping the isolation frequencies of a particular fungus into categories 

(e.g. 0, 1-10, 11-20,21-50 and >50 %) and analysing the proportions by chi-square. 

This was, however, only possible for fungi isolated at relatively high frequencies and 

even so, categories sometimes had to be pooled to allow analysis. Data of isolations 

from crowns could also not be analysed statistically. Where appropriate, data of 

isolations from roots and crowns were combined. For pathogenicity tests, analysis of 

variance was used to test for differences between variables. Because data for 

percentage root growth, shoot growth and shoot mass were extremely unbalanced, 

square root transformation was used to stabilise variances. Total score data were 

not transformed. Fisher'S protected t-test least significant difference was used to 

separate means at 1 % level of significance. 
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Overall, 39.1 % of the wheat and 43.6 % of the barley plants showed no symptoms of 

infection by B. sorokin iana, whereas 47.8 and 21 .1 % displayed slight symptoms 

(rating 1-2), and 13.1 and 35.3 % moderate to severe symptoms (rating 3-5) of 

infection by this pathogen. A total of 51.7 % of the wheat and 9.3 % of barley 

samples rated in the zero category for infection by Fusarium spp., whereas 39.1 and 

52.4 % rated as slightly, and 9.2 and 38.3 % as moderately to severely affected. The 

vast majority of wheat and barley plants evaluated contained no root nodules (93.5 

and 99.6 %) or sclerotial sheaths (95.7 and 100 %) of R. so/ani. Chi-square tests 

indicated that the distribution of disease categories differed highly significantly 

between wheat and barley for all four symptoms rated. Highly significant 

chi-square values (P<0.0001) also indicated that the distribution of disease 

categories for symptoms of B. sorokiniana and Fusarium was dependent on the area. 

Bonferonni pairs-wise tests furthermore showed that HWC differed significantly 

(P<0.05) from both Karatu and West-Kilimanjaro, which did not differ between each 

other. No significant differences (P=0.078) in rating categories for root nodules and 

sclerotial sheaths were evident between areas. 

Due to the time lapse between sample collection in Tanzania and their arrival in 

South Africa (two to three weeks), severe problems with contamination were 

experienced when isolating directly from wheat and barley plants. Results therefore 

only reflect indirect isolation from soil by using wheat and barley as trap plants. In 

the course of the study 9 920 root and 2 480 crown segments were plated out, 

yield ing a total of 11 758 fungal isolates. Almost 30 % of these isolates remained 

sterile, whereas those which could be identified represented 37 different taxa (Table 

2). The most prevalent species were B. sorokiniana, F. equiseti, F. nygamai, F. 

oxysporum, F. subg/utinans (Wollenw. & Reinking) P.E. Nelson, Toussoun & 

Marasas, P. macrospinos8, Phoma macrostroma Mont. and P. medicaginis Malbr. & 

Roum., all of which were present in soil from all three areas. Roots yielded a much 

greater variety of fungi than crowns. Fusarium spp. comprised the largest 

component of the fungal community associated with roots and represented 33.1 % of 

the total number of root isolates. Of the fusaria isolated from roots 41.2 % were F. 

oxysporum and 27.7 % F. nygamai. According to chi-square analysis and 

irrespective of area, F. equiseti and F. oxysporum were isolated at significantly higher 
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(P<0.0001) frequencies from wheat than from barley roots, whereas the incidence of 

F. nygamai on the two crops did not differ (P=0.058) . Crowns were mostly infected 

with B. sorokiniana, which comprised 65.4 % of the total isolates from crowns. F. 

equiseti respresented 61.5 % of the fusaria isolated from crowns. 

F. nygamai and F. oxysporum were isolated the most frequently from roots of wheat 

and barley in soil from HWC. Isolation frequencies of F. nygamai were significantly 

higher (P<0.0001) from both wheat and barley, but those of F. oxysporum only from 

barley in this region, compared to Karatu and West-Kilimanjaro. The incidence of P. 

macrospinosa was similar in wheat and barley, but also significantly higher 

(P<0.0001) at HWC than in the other two areas. P. macrostroma was isolated the 

most frequently from wheat roots in soil from Karatu and West-Kilimanjaro, whereas 

roots of barley in soil from these two areas mostly yielded P. medicaginis. Isolation 

frequency of P. macrostroma from wheat roots was significantly lower (P<0.0001) in 

soil from HWC than from the other two areas, whereas that of P. medicaginis from 

barley roots was significantly higher (P<0.0001) for Karatu only. B. sorokiniana was 

predominantly isolated from crowns of both wheat and barley in soil from all three 

areas. S. rolfsii was not isolated from HWC soil and only sporadically from Karatu 

and West-Kilimanjaro soil. 

Isolation frequencies from healthy samples never differed significantly from those of 

diseased samples. Frequencies from healthy and diseased samples did, however, 

differ significantly from randomly collected samples for F. nygamai, F. 

subglutinans, P. macrospinosa, P. macrostroma and P. medicaginis , but not 

for B. sorokiniana, F. equiseti, F. oxysporum and R. solani. Frequencies 

were lower from randomly collected than from healthy or diseased samples for the 

former three species and higher for the latter two. 

In total , 47 Rhizoctonia isolates were retrieved by trapping from soil. All but seven of 

the isolates proved to be multinucleate and belonged to R. solani AG-6. Binucleate 

Rhizoctonia isolates were recovered exclusively from the Karatu area, whereas R. 

solani was fou nd in all three areas. However, despite HWC being the main area 

affected by PS, samples from this region yielded only two R. solani isolates. R. 
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solani was also the only fungus for which meaningful, albeit non-significant, 

differences were evident between soil types. 

Root growth, and shoot growth and mass of barley were generally impeded less than 

that of wheat by most fungi included in the artificial inoculation study (Table 3). The 

t-probabilities for pair-wise differences between isolates and crops for percentage 

root growth , shoot growth and -mass, and for total disease score, according to 

Fisher's protected t-test least significant difference are given in Appendix 1. 

Root growth of wheat was retarded more than that of barley by all fungi tested except 

P. medicaginis, albeit significantly so only for B. sorokiniana, F. 

oxysporum, F. nygamai, R. solani and S. rolfsii. F. nygamai aggressively colonised 

roots and caused the highest reduction in root growth for both wheat (94.4 %) and 

barley (75.8 %). It retarded root growth significantly more than any of the other fungi, 

except S. rolfsii on wheat (P=0.411) and Fusarium chlamydosporum Wollenw. & 

Reinking on wheat (P=O.045) and barley (P=O.220). 

Similar trends were observed for reduction in shoot growth and mass. Significantly 

greater reduction in percentage shoot growth and mass of wheat 

compared to barley was noted for B. sorokiniana, F. chlamydosporum, F. nygamai 

and R. solani. This effect was most pronounced for B. sorokiniana, with both shoot 

growth and mass of wheat almost five times less than that of barley. F. oxysporum 

also significantly reduced (P=O.006) shoot growth, but not shoot mass (P=O.011 ), of 

wheat more than that of barley. Although B. sorokiniana caused the most retardation 

of shoot growth (86.5 %) and mass (86.3 %) in wheat, this decrease was not 

significantly more than that incited by F. chlamydosporum, F. nygamai and 

S. rolfsii. F. nygamai caused the greatest reduction in barley shoot growth (49.2 %) 

and mass (55.6 %), but differed significantly only from P. medicaginis and 

P. macrospinosa for reduction in shoot growth and from the former two fungi as well 

as Fusarium solani (Mart. ) Appel & Wollenw. and F. subglutinans for reduction in 

 
 
 



52 

Table 2. Fungi isolated from roots and crowns of wheat and barley planted to soil collected from the 

three main wheat and barley production areas in Tanzania. 

Frequency" Incidence (%)6 

Fungal taxon Area Wheat Barley Wheat Wheat Barley Barley 

roots crowns roots crowns 

Altemaria spp. HWC 2 o 0.3 0.1 0.2 

Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

Binucleate Rhizoctonia spp. HWC o o o o o o 
Karatu 3 1 0.5 1.0 o 0.5 

West-Kilimanjaro o o o o o o 
Bipolaris cynodontis HWC o o o o o o 

Karatu o o o o o o 
West-Kilimanjaro 3 o 0.6 o o o 

B. indica HWC o o o o o o 
Karatu o o o o o o 
West-Kilimanjaro 1 o 0.1 o o o 

B. papendorfii HWC o o o 0.2 o 
Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

B. sorokiniana HWC 31 26 3.5 57.3 2.9 5.4 

Karatu 10 11 1.6 30.9 4.2 57.1 

West-Kilimanjaro 15 17 2.9 33.8 4.5 44.1 

Chaetomella sp. HWC o 0.1 o o o 
Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

Chaetomium spp. HWC 4 2 0.3 o 0.2 0.2 

Karatu o 7 o o 3.9 1.0 

West-Kilimanjaro 8 10 1.0 0.3 4.2 1.6 

Cladosporium c/adosporioides HWC 1 3 0.1 o 0.5 o 
Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

Drechslera poae HWC o o 0.2 o o 
Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

Epicoccum nigrum HWC 2 1 0.1 o 0.1 o 
Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

Exserohilum rostra tum HWC o 2 o o 0.3 o 
Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

Fusarium chlamydosporum HWC 11 14 1.1 o 1.1 o 
Karatu 4 4 0.8 0.5 0.1 1.4 

West-Kilimanjaro 4 o 1.0 o o o 
F. equiseti HWC 26 24 7.2 1.7 4.8 0.5 

Karatu 11 10 8.2 11.4 1.0 20.5 

West-Kilimanjaro 17 16 10.2 7.1 2.1 14.7 
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Table 2. (continued) 

Frequency' Incidence (% )0 

Fungal taxon Area Wheat Barley Wheat Wheat Barley Barley 

roots crowns roots crowns 

F. nygamai HWC 27 34 19.8 1.5 19.6 1.5 

Karatu 7 3 5.0 2.3 0.5 0.5 

West-Kilimanjaro 8 4 2.0 0 .9 0.9 o 
F. oxysporum HWC 29 34 19.5 0.3 19.2 0.3 

Karatu 11 8 15.6 0.5 3.3 4 .3 

West-Kilimanjaro 17 14 25.4 1.5 6.2 4.7 

F. pal/idoroseum HWC 3 0.05 o 0.3 o 
Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

F. solani HWC 10 4 0.8 o 0.6 o 
Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

F. subglutinans HWC 15 21 2.3 0.8 5.7 o 
Karatu 10 3 6.4 0.9 1.3 o 
West-Kilimanjaro 12 7 9.0 1.2 3.6 0.6 

Fusarium spp. HWC 9 9 1.0 0.3 1.8 0.3 

Karatu 2 0.2 o 0.1 o 
West-Kilimanjaro 2 2 0.3 o 0.6 o 

Gliocladium catenulatum HWC 3 o 0.4 o o o 
Karatu 2 o 0.2 o o o 
West-Kilimanjaro 2 o 0.1 o o o 

Macrophomina phaseolina HWC o 1 o o 0.04 o 
Karatu 2 o 0.1 o o o 
West-Kilimanjaro o o o o o o 

Melanospora sp. HWC o o o o o o 
Karatu o 3 o o 0.9 o 
West-Kilimanjaro o 10 o o 3.9 3.1 

Microsphaeropsis olivacea HWC o o o o o o 
Karatu o o 1.0 o o 
West-Kilimanjaro 2 o 0.1 0.3 o o 

Myrothecium verrucaria HWC o 1 o o 0.04 o 
Karatu o o o o o o 
West-Kilimanjaro 0.1 o 0.3 o 

Paeci/omyces liIacinus HWC 3 o 0.1 o o o 
Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

Periconia macrospinosa HWC 31 32 13.0 o 17.3 o 
Karatu 3 5 0.9 o 0 .9 o 
West-Kilimanjaro 10 5 2.9 o 1.4 o 

Phoma chrysanthemicola HWC o o o 0.04 o 
Karatu o o o o o o 
West-Kilimanjaro o o o o o o 

P. macrostroma HWC 15 11 1.6 o 1.8 o 
Karatu 11 10 19.9 o 29.4 1.4 

West-Kilimanjaro 17 13 28.4 1.2 15.7 o 
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Table 2. (continued) 

Frequency" Incidence (%)6 

Fungal taxon Area Wheat Barley Wheat Wheat Barley Barley 

roots crowns roots crowns 

P. medicaginis HWC 28 21 11.0 0 7.3 0.5 

Karatu 4 10 3.1 0 30.1 0.5 

West-Kilimanjaro 14 12 18.6 0 21.4 0.6 

Pithomyces sp. HWC 6 0.1 0 0.2 0.3 

Karatu 0 0 0 0 0 0 

West-Kilimanjaro 0 0 0 0 0 0 

Ramichloridium schulzeri HWC 7 0 1.8 0 0.1 0 

Karatu 8 6 12.4 0 1.6 0 

West-Kilimanjaro 13 10 6.5 0 4.2 0 

Rhizoctonia solani HWC 2 0 0.1 0 0 0 

Karatu 2 2 1.0 0 0 1.9 

West-Kilimanjaro 10 2 1.5 0.9 0.2 0 

Sclerotium rolfsii HWC 0 0 0 0 0 0 

Karatu 1 0 1.0 0 2.9 

West-Kilimanjaro 0 0 0.6 0 0 

Stachybotrys elegans HWC 0 0.3 0 0 0 

Karatu 0 0 0 0 0 0 

West-Kilimanjaro 4 0 0.3 0.6 0 0 

Talaromyces trachyspermus HWC 0 0.05 0 0 0 

Karatu 0 0 0 0 0 0 

West-Kilimanjaro 0 0 0 0 0 0 

Trichothecium roseum HWC 0 1 0 0 0.04 0 

Karatu 0 0 0 0 0 0 

West-Kilimanjaro 0 0 0 0 0 0 

Sterile isolates HWC 31 29 18.1 8.1 24.0 2.0 

Karatu 11 11 89 .0 15.5 54.1 1.0 

West-Kilimanjaro 17 16 61 .8 9.7 33.5 1.3 

"Number of samples out of 34 for Hanang Wheat Complex, 11 for Karatu and 17 for West-Kilimanjaro from which the taxon was  

isolated.  

bpercentage root and crown segments yielding the taxon.  

shoot mass. P. medicaginis did not impair root growth, shoot growth or shoot mass 

of wheat, whereas P. macrospinosa had no impeding effect on barley. 

Total score of all isolates tested was consistently higher on wheat compared to 

barley (Table 4), but significantly so only for B. sorokiniana, F. 

chla mydosp arum , F. oxysporum, F. nygamai, P. macrospinosa and R. so/ani. F. 

nygamai and S. rolfsii had the highest total score on wheat but did not differ 

significantly .1 24) from B. sorokiniana and F. chlamydosporum. Total score of 
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s. rolfsii furthermore did not differ significantly (P=0.082) from that of R. solani on 

wheat. On barley, S. rolfsii had the highest score but did not differ significantly 

from B. sorokiniana, F. equiseti, F. chlamydosporum, F. nygamai or R. 

solani. P. medicaginis had the lowest total score on wheat, whereas F. solani had 

the lowest score on barley. However, total score of P. medicaginis on wheat was not 

sign ificantly lower (P=0.031) than that of F. solani, whereas total score of F. solani on 

barley was not significantly lower than that of F. subglutinans, P. 

medicaginis or P. macrospinosa. Except for total score, which was significantly 

higher (P<O.001) on wheat than on barley, the effect of P. macrospinosa did not differ 

significantly between wheat and barley for any of the variables considered. 

Isolates of the same species varied in their ability to impede root growth, and shoot 

growth and mass of wheat and barley (Figs 5-13). Likewise, total scores of isolates 

within a particular species also varied notably. This was especially true for isolates of 

B. sorokiniana on barley, P. macrospinosa on wheat and F. equiseti and R. solani on 

both wheat and barley. For instance, root and shoot growth and mass of wheat, as a 

percentage of the control, was only 9.0, 9.4 and 13.8 %, respectively, when 

inoculated with F. equiseti isolate no. 2 compared to 92.0, 97.6 and 104.8 % when 

inoculated with isolate no. 4. Similarly, total score of the former isolate was 11.3, 

whereas that of the latter was only 3.2. Except for B. sorokiniana isolates which 

originated from HWC soil and were more virulent on wheat than on barley, no 

correlation was evident between the area or source from which isolates were 

obtained and their pathogenicity towards wheat and barley. 

Within a particular species, the isolate impeding root growth the most usually also 

impaired shoot growth and mass most and had the highest total score on wheat and 

barley, respectively. Trends for wheat and barley were similar, with isolates causing 

a high percentage reduction and having a high total score on wheat commonly 

having a corresponding effect on barley. 

All fungi were reisolated from wheat and barley roots and crowns. P. medicaginis 

was, however, generally reisolated at lower frequencies than the other fungi, 
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whereas P. macrospinosa was commonly reisolated more readily from wheat than 

barley. 

P. macrostroma and binucleate Rhizoctonia spp. could not be retrieved after storage 

in SOW and were therefore not included in the pathogenicity tests. 

 
 
 



Table 3. Root growth, shoot growth and shoot mass of wheat and barley seedlings inoculated with soilborne fungi isolated from 

roots and crowns of wheat and barley in Tanzania. 

Root growth (%)a Shoot growth (%)a Fresh shoot mass (%)a 

Fungus Wheat Barley Wheat Barley Wheat Barley 

Bipo/aris sorokiniana 13.9±10.7 45.8 ± 27.7* 13.5 ± 13.5 64.5 ± 42.9* 13.7 ± 14.0 65.9 ± 44.9* 

Fusarium equiseti 52.5 ± 36.7 54.7 ± 36.8 54.8 ± 42.5 60.9 ± 40.4 60.1 ± 39.7 64.7 ± 43.8 

F. ch/amydosporum 16.9 ± 15.2 34.0 ± 22.9 29.5 ± 31.5 67.7 ± 56.2* 31.9 ± 30.7 67.2 ± 58.9* 

F. so/ani 55.7 ± 21.0 111.0±71.2 92.5 ± 25.8 88.1 ± 35.7 73.2 ± 14.9 90.8 ± 36.4 

F. oxysporum 35.8 ± 16.8 58.4 ± 29.6* 39.7 ± 24.5 65.5 ± 29.9* 37.3 ± 20.9 62.9 ± 34.4 

F. nygamai 5.6 ± 7.1 24.2 ± 18.5* 14.9 ± 17.6 50.8 ± 33.4* 16.6±21.1 44.4±27.1* c.n 
-...j 

F. subg/utinans 54.0 ± 28.8 73.3 ± 17.8 74.0 ± 40.5 66.7 ± 19.6 68.7 ± 36.7 77.7 ± 29.5 

Phoma medicaginis 104.1 ± 54.8 89.5 ± 33.8 109.0 ± 62.2 100.9 ± 37.3 105.3 ± 57.0 96.9 ± 47.7 

Periconia macrospinosa 78.3 ± 34.8 100.0 ± 35.9 98.8 ± 79.1 111.2 ± 54.6 90.8 ± 45.2 107.6 ± 50.4 

Rhizoctonia so/ani 36.3 ± 33.7 73.6 ± 61.2* 36.1 ± 37.7 74.8 ± 64.6* 38.1±31.1 65.9 ± 58.9* 

Sclerotium rolfsii 22.7 ± 15.0 82.8 ± 20.3* 15.6 ± 10.3 54.9 ± 18.4 28.3 ± 29.7 69.1 ± 35.0 

aGrowth per plant as a percentage of the control ± standard deviation using six paper dolls each containing five wheat and five 

barley seedlings per isolate. Mean of 14 B. sorokiniana, 4 F. equiseti, 2 F. ch/amydosporum, 1 F. so/ani, 5 F. oxysporum, 5 F. 

nygamai, 2 F. subg/utinans, 8 P. medicaginis, 5 P. macrospinosa, 11 R. so/ani and 1 S. rolfsii isolate(s). The t-probabilities for pair­

wise differences between isolates and crops for percentage root growth, shoot growth and mass, according to Fisher's protected t­

test least significant difference (P::s;0.01), are given in Appendix 1. 

*Significantly different from wheat according to Fisher's protected t-test least Significant difference (P::s;0.01). 

 
 
 

http:P::s;0.01
http:P::s;0.01


58  

Table 4. Total disease score for fungi inoculated onto wheat and barley seedlings. 

Total scorea 

Fu ngus Wheat Barley 

Bipo/aris sorokiniana 11.8 ± 2.0 7.6 ± 2.2* 

Fusarium equiseti 7.7 ± 3.9 6.7 ± 2.8 

F. chlamydosporum 11.2 ± 2.7 7.1± 1.3* 

F. solani 6.6 ± 2.4 3.2 ± 2.2 

F. oxysporum 8.9 ± 1.9 6.2 ± 1.7* 

F. nygamai 12.4 ± 2.5 8.2 ± 2.0* 

F. subg/utinans 7.3 ± 3.3 6.0 ± 1.7 

Phoma medicaginis 4.4 ± 2.7 4.0 ± 2.6 

Periconia macrospinosa 6.9 ± 2.6 3.7 ± 2.0* 

Rhizoctonia solani 10.6 ± 2.5 8.5 ± 2.5* 

Sclerotium rolfsii 12.4±1.9 9.1 ± 1.1 

aTotal score (Rufenacht, 1980) ± standard deviation of fungi tested using six paper 

dolls each containing five wheat and five barley seedlings per isolate. Mean of 14 B. 

sorokiniana, 4 F. equiseti, 2 F. chlamydosporum, 1 F. solani, 5 F. oxysporum, 5 F. 

nygamai, 2 F. subglutinans, 8 P. medicaginis, 5 P. macrospinosa, 11 R. solani and 1 

S. rolfsii isolate(s). The t-probabilities for pair-wise differences between isolates and 

crops for total score, according to Fisher's protected t-test least significant difference 

are given in Appendix 1. 

*Significantly different from wheat according to Fisher's protected t-test least 

significant difference ). 
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