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ABSTRACT

   Field experiments were conducted at the Sugarcane Research Centre, Guneid (lat. 15oN, long. 33oE), in seasons 2006/07 and 2008/09. The objectives were to biologically characterize six Sudan isolates of Ustilago scitaminea (Syd.) collected from different geographic locations; and, were designated as: GN1 (Guneid, NCO 376 isolate); GN2 (Guneid, CO 527 isolate); GN3 (Guneid, CO 6806 isolate); SN (Sennar, CO 527 isolate); AB (Abbasiya, isolate from mixed varieties); and NH (New-Halfa, CO 527/ CO 997 isolate) by a set of 25 differential sugarcane varieties. All inoculations were done artificially by Taiwanese pin prick method (TPPM) and dip method (DM). Results identified four pathotypes. The first and second groups; GN1, GN2 and GN3 occur in Guneid, while the third group; SN and  NH occur in Sennar and New Halfa and the fourth group AB in Abbasiya (Kenana/ Assalaya area). All four pathotypes were highly similar in pathogenicity and have relatedness percentages of 60 to 85%. Isolates GN1, NH and AB were slightly distinct and associated with virulence and, AB with avirulence, respectively. The other isolates were difficult to separate. Therefore, the absence of an isolate of high virulence indicates that the occurrence of smut in the current resistant variety CO 6806 is largely due to variety degradation/or resistance erosion and not due to a pathogenic entity of the smut pathogen. The study recommends an expanded screening program for smut resistance evaluation to make available a large number of resistant sugarcane varieties coupled with careful selection of seed cane
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INTRODUCTION

   Sugarcane smut disease, incited by the fungus Ustilago scitaminea (Syd.), is a very serious disease in most sugarcane producing countries. The disease causes yield losses that vary between 20 and 100% depending on the cane varieties grown, management practices and prevailing environmental conditions (Croft et al., 2000). 
   Infected plants are usually stunted and produce thin slender canes with widely spaced nodes and a whip-like sorus at the top of infected stalks or on side shoots of standing cane (Lee-Lovick, 1978). In Sudan, smut disease was first recorded at Guneid in 1965 (Nasr and Ahmed, 1974) and it reached epidemic proportions in the 1970’s resulting in the destruction of many excellent varieties, the most notable among them is the sugarcane variety NCO 310. 
   The disease is now found in all cane producing countries except Papua New Guinea, Fiji and some islands in Polynesia (Singh et al., 2004). Usually, a successful disease management strategy requires a full understanding of the variation in pathogen population as a prerequisite to the deployment of resistant varieties. Three races of U. scitaminea have been reported in China and Taiwan (Xu and Chen, 2000), five in Pakistan, two in India (Sinha, 2000) and two each in Nigeria and Hawaii (Wu et al., 1988; Abo and Okusanya, 1996; Schenk, 2003). Despite these reports, usually, the sugar industry in most cases responds to disease outbreaks without a full understanding of the pathogen’s population structure. Hence, this study was conducted with the objective of determining the genetic variability among six isolates of U. scitaminea (Syd.) collected from different sugarcane producing areas in Sudan by their reaction on differential sugarcane varieties under field conditions.


MATERIALS AND METHODS
   The study was carried out at the Sugarcane Research Centre, Guneid (lat.15oN, long. 33oE) in seasons 2006/07 to 2008/09. The soil at the experimental site is vertisol typical of the central clay plains (about 64% clay, 0.09% N and 2-8 ppm available P) with low permeability and alkaline in reaction (pH=8.2). The climate of the locality is semi-arid with low relative humidity. 
Test materials
Collection and maintenance of U. scitaminea isolates
   Six isolates of U. scitaminea, the causal organism of sugarcane smut disease, were collected from infected sugarcane fields in the Sudanese sugar schemes and Kenana. Thus, representing all sugar producing areas and, they were designated as follows: GN1= Guneid CO 6806 isolate; GN2= Guneid CO 527 isolate; GN3= Guneid NCO 376 isolate; SN= Sennar CO 527 isolate; AB= Abbasiya (Assalaya/Kenana) isolate from mixed varieties and NH = New-Halfa isolate also from mixed varieties. The collected isolates were either used directly or maintained on cane variety NCO 376 or CO 527 in the pathology museum. Smut whips were then harvested periodically and sun-dried for 48 hrs. Thereafter, the smut spores were extracted and stored in sealed polythene bags and used when needed.
Differential sugarcane varieties
   A set of 25 locally generated sugarcane differentials were used in the study viz: B 70531, B 79136, BJ 7451, BJ 7938, BJ 82105, BT 74209, COC 671, DB 75159, TUC 75-3, CO 527, CO 997α, CO 6806α, BJ 83125 α, BJ 84111α, BT 83339αα, BBZ 95681αα, F 154α, B 97263 α, ROC 10αα, FR 9682αα, KN 93-14αα, N 52/219λ, NCO 310λλ, NCO 376λλ and R 570λ. Differential varieties marked (α) and (αα) have been reported to be highly resistant (HR) and susceptible (S) or highly susceptible (HS) to the smut disease, respectively, under Sudan conditions in earlier tests (Marchelo et al., 2008). The varieties marked (λ) and (λλ) have HR and moderately susceptible (MS), S or HS reaction types, respectively, in China, Taiwan and South Africa (Xu and Chen, 2000).

Preparation of cane setts and inoculation procedure
   The cane setts of the different sugarcane varieties were given a long hot water treatment (HWT) at 500C for 2 hr before being artificially inoculated separately by each of the six smut isolates (GN1, GN2, GN3, SN, NH and AB) using two methods, (a) dip method (DM) and (b) Taiwanese pin-prick method (TPPM).
Dip method (DM)
   The seed setts were inoculated by dipping in a smut spore suspension at a concentration of 1g smut teliospores/l of water equivalent to 106 - 107 spores ml-1 (Bock, 1964) for 15-20 minutes. 
Taiwanese pin-prick method (TPPM)
   About 2-3 pin pricks were administered at the base of each bud, of each sett after being dipped into a freshly prepared spore paste at a concentration of 2-3 g spores/5-10ml water for each isolate under test. Thereafter, the inoculated set of both DM and TPPM were kept under humid condition in plastic bags at room temperature for 24 hr prior to planting in the field. The plot size was 1 furrow of 5 or 10 m length. The furrows were spaced 1.5 m apart. About 20 three- node cuttings (60 buds) or 20 single- bud cuttings (20 buds) were planted in each 10 m or 5 m plots. In both DM and TPPM inoculated trials, the plots were arranged in a randomized complete block design (RCBD) with three replicates.
Disease incidence and assessment of resistance
   Disease incidence was determined from the proportion of diseased stools expressed as a percentage of the total number of stools. The cumulative number of whips as an infection index was also recorded. Resistance as expressed by reaction types was scored by rating the percentage varietal/ genotypic disease incidences on a numerical scale of 1-9 where, 1=highly resistant and 9=highly susceptible (Satya Vir Beniwal, 1978). The final genotypic reaction types for all trials were determined at an age of eight months for plant cane (PC), six months each for first ratoon (R1) and second ratoon (R2) crops from the disease incidence means of the DM and TPPM trials, respectively.
Data collection and statistical analysis
Data collection
   Data on (i) infection indices like (a) percentage smut infection on stool
basis (SI%) and (b) cumulative number of whips (CNOW) during the growing season was determined; and (ii) epidemiological parameters namely, (a) the latent infection period (the time period from inoculation to disease symptom expression) in days (LIP/D); (b) sustained disease duration (the time from disease symptom expression or LIP/D to harvest) in days (SDD/D); and (c) the area under the disease progress curve (AUDPC) were determined for each genotype and used in the construction of the phylogenetic trees by cluster analysis.
Statistical analysis and evaluation of genetic diversity
   A hierarchial cluster analysis for the 25 differential sugarcane varieties treated as cases and data parameters/ as variables was performed for each of the six U. scitaminea isolates separately by the complete linkage cluster algorithm using the statistical software GenStat Discovery Edition 3 (2003). 

RESULTS AND DISCUSSION

   Figures 1 (A, B); (C, D) and (E, F) show the grouping of the isolates derived from the complete linkage cluster analysis of infection and epidemiological data, used as cluster indexes for: GN1, GN2, GN3, SN, AB and NH  smut isolates tested regardless of the method of inoculation. This was done so as to obtain the exact pathogenicity behavior for each smut isolate separately; because, usually sugarcane differentials tend to show greater resistance in trials inoculated by the dip methods compared to those inoculated by the Taiwanese pin-prick (TPPM) methods. The reason for this behavior is apparent because in DM inoculations, two mechanisms of resistance e.g. internal/ physiological resistance and structural/ or morphological resistance mechanisms are active. However, in the TPPM inoculated trials, only the internal/ physiological resistance is in place; as the pin-pricking procedure completely destroyed and removed structural resistance. Therefore, for this reason, TPPM inoculated trials usually give the true level of physiological resistance. However, Whittle and Walker (1982) are of the opinion that; results obtained from TPPM trials in screening trials should always be carefully interpreted, as TPPM


sometimes tend to overestimate susceptibility. Meanwhile, in DM inoculated trials, all the resistance mechanisms, namely, morphological and physiological resistance mechanisms are in place. Thus, this explains the reasons of the unusually low percentage infection levels found in DM inoculated trials.
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	Cluster I: = B70531, B97263, BT74209, CO997, TUC75-3, R570, NCO310, F154, CO6806, N52/219, BJ84111, BJ82105, DB75159, BJ83125; II: = CO527, COC671, FR9682, BBZ95681, KN93-14, BJ7451, B79136; III:= ROC10, BT83339, NCO376, BJ7938.
	Cluster I: = CO6806, CO997, NCO310, F154, BT74209, N52/219, BJ7938, B70531, COC671, BJ7451, NCO376, KN93-14, TUC75-3, FR9682; II:= B79136, BJ84111, BJ83125, DB75159, BJ82105, R570, B97263; III: = ROC10, CO527; IV: = BBZ95681, BT83339.

















Figure 1. (A, B). Complete linkage dendrograms derived from combined variables of DM and TPPM inoculation methods, for GN1 and GN2 smut isolates for the 25 sugarcane differentials. 

   In these characterization trials, we identified four pathotypes, namely,    I:=GN1; II:=GN2, GN3; III:=SN, NH and IV:=AB. All four pathotypes are genetically more or less similar in pathogenicity characteristics and have a relatedness percentage of 60% to 85% (Figure 2). Nisha et al. (2005) also, working on isolates from South Africa, Hawaii, Guadeloupe, and Reunion Island by using advanced techniques like RAPDs, rDNA sequence analysis, microscopy, germination and morphological studies, reported that except for sequence data, the other analyses yielded no differences between the isolates that could be used in a definite phylogenetic separation, he did not however, indicate their relatedness percent.
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	Cluster I: = NCO 310, CO 6806, N 52/219, BJ 84111, B 70531, BJ 83125, BJ 7451, BT 74209, COC 671, CO 997, B 97263, F154, KN 93-14, BJ 82105, DB 75159, B 79136; II: = TUC 75-3; III: = BJ 7938, BT 83339, CO 527, FR 9682, NCO 376; IV: = ROC 10, BBZ 95681
	Cluster I: = B79136, BJ7451, COC671, NCO310, CO527, DB75159, B70531, BJ82105, N52/219, F154, B97263, BJ84111, BJ83125, BT74209, FR9682; II: = KN93-14, CO997, BJ7938, CO6806; III: = BBZ95681, TUC75-3; IV: = R570, BT83339; V: = NCO376, ROC10


Figure 1. (C, D). Complete linkage dendrograms derived from combined variables of DM and TPPM inoculation methods, for GN3 and SN smut isolates for the 25 sugarcane differentials. 
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	Cluster I: = CO 527, BJ 83125, TUC 75-3, N  52/219, KN 93-14, FR 9682, B 97263, BJ 84111, CO 6806, CO 997, DB 75159, B T74209, BJ 82105, B 79136, B 70531, BJ 7938, R570, BJ7451, COC 671, ROC 10, BBZ 95681; II: = NCO310; III: = F 154; IV: = BT 83339; V: = NCO 376.
	Cluster I: = COC671, BT74209, FR9682, B79136, BT83339, BBZ 95681; II: = R570, ROC10; III: = CO 6806, BJ 7938, NCO 376; IV: = N 52/219, BJ 7451, NCO 310, F 154, KN 93-14, TUC 75-3, CO9 97, DB 75159, B 97263, BJ 83125; CO 527, BJ 84111, BJ8 2105.


Figure 1. (E, F). Complete linkage dendrograms derived from combined variables of DM and TPPM inoculation methods, for AB and NH smut isolates for the 25 sugarcane differentials. 

   Thereafter, Raboin et al. (2006) used highly polymorphic, PCR-based, microsatellite markers in 142 single-spore isolates of U. scitaminea from different cultivars and 15 sugarcane-growing countries throughout the world for genetic diversity. They also found no differences between the isolates, but, only recorded diversity for isolates from South East Asia. They further indicated that in America and Africa, genetic diversity was found to be extremely low and all isolates belonged to a single inbred lineage. Thus, making it rather homogenous. 
   Abo and Okusanya (1996) working on 9 isolates (collected from different parts of Nigeria) reported two races ‘X and Y’ based on colony characteristics, on PDA and pathogenicity reactions on differential sugarcane varieties. Schenk (2003) also reported two races: (a) race A or Oahu isolate (old race) and (b) race B or Maui isolate (new race) from
 Hawaii. However, Amire et al. (1982) and Wu et al. (1988) in detailed studies indicated that the second Hawaiian race B or Maui isolate is largely unstable and has otherwise disappeared. Thus, it could no longer be detected by conventional race typing methods and differentials including isozymes. They further stipulated that detection for race B was only possible by neutron activation analysis. 
   These findings led Presley (1978) to conclude that a single but widely adapted stable smut genotype, probably, the Afro-American inbred line referred to by Raboin et al. (2006) as the only pathotype which is widespread. Thus, explaining the lack of genetic variation in isolates collected within Africa and from countries outside Asia. Variation or un-relatedness within the Sudan isolates of U. scitaminea was found to be 15% and 40%. Henceforth, these arguments offer further proof for our inability in identifying a definite physiological race by biological characterization methods. Therefore, implying that at present we only have the single, but, relatively stable physiological race; which is the Afro-American inbred line or the Hawaiian race A (Oahu isolate). The slight differences observed in the phylogenetic trees in Figures 1 (A, B); (C, D) and (E, F) can, therefore, be attributed to only simple host-pathogen interactions enveloped and modified by environmental factors during the growing season.
   Furthermore, in support to our findings is the work of Peros and Baudin(1983) who compared isolates from Reunion, Guadeloupe, Ivory Coast, Mali, Upper Volta, and Kenya. Grisham (2001) also co-ordinated a race typing study in nine countries and concluded that all the isolates from Africa and the Americas were generally homogenous in virulence and pathogenicity, thus, implying that the pathotypes X and Y reported by Abo and Okusanya (1996) from Nigeria could actually have been the single physiological race A (the stable Oahu isolate) and the other race Y probably is the unstable Hawaiian race B (Maui isolate). The slight differences in virulence/ pathogenicity characteristics were imposed by the interaction of the environment and the high instability of race B as verified by Amire et al. (1982). Hence, its presence could not even be detected nor/ be established by the conventional methods used and it falls short of being a separate physiological race. 

   Ferreira and Comstock (1989) also considered the true prevalence of races to be controversial; since many claims are based on the reaction of the same cultivar in different countries and environments. In our work, the relationships and phenomena of a generally homogenous virulence and pathogenicity characteristics attributed to by Peros and Baudin (1983) can be perceived (Figures 2 A and B). Whereby, in a distance of 1 the cluster discrimination showed that the six isolates treated as cases were separated and grouped into 4 and 5 clusters, respectively; when, the percentage of smut infection/ and number of whips were treated as variables or cluster indexes for the 25 differentials. However, under both circumstances GN1 with a similarity coefficient of 0.65 and GN2, GN3 with similarity coefficients of 0.85 were grouped in clusters I and II and SN, NH (similarity coefficient of 0.82) in cluster III and AB (similarity coefficient of 0.6) was grouped in cluster IV. Therefore, the smut isolates from the different geographic locations exhibited relatedness percentages of 65% to 80% and the farthest related isolate AB has a relatedness percentage of 60%.
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	Cluster I: = GN1; II: = GN3, GN2; III: = SN, NH; IV: = AB.
	
	Cluster I: = GN1; II: = GN3, GN2; III: = AB; IV: = SN; V: = NH.


Figure 2. Complete linkage dendrograms for six smut isolates treated as cases and, (A) percentage smut infection on stool bases (B) number of whips/F for 25 sugarcane differentials treated as variables.

   However, considering the mean number of whips/ feddan (Figure 2 B) while smut isolates GN1 (similarity coefficient of 0.60), GN2 and GN3 similarity coefficient of 0.85) remained grouped in clusters I and II. And, smut isolates AB, SN and NH with similarity coefficients of 0.72, 0.74 and 0.74 were grouped in separate clusters of III, IV and V. Nevertheless, all the isolates have a relatedness percentage of 70% to 85%. The farthest related isolate in this case GN1 has a relatedness percentage of 60%. Therefore, it is evident from Table 1 that the Sudan populations of U. scitaminea (Syd.) can be separated into four pathotypes considering the percentage of smut infection on stool basis as the main infection index viz: (i) GN1 (ii) GN2, GN3 (iii) SN, NH and (iv) AB and according to the clustering protocols GN1and NH are distinct and associated with some degree of virulence (cane differentials showed more susceptibility) while GN2, GN3 and SN were  intermediate/ or difficult to separate. Isolate AB is also largely distinct and associated with avirulence (differentials showed more resistance). Nevertheless, despite some of the obvious differences we consider that the Sudan populations of U. scitaminea are rather genetically similar and with mild virulence since all the isolates are about 60-85% related to each other. 

Table 1. Summary of the cluster discrimination of U. scitaminea isolates from the different geographic locations.
	Cluster No.
	Cluster discrimination of  U. scitaminea (Syd.) isolates

	
	PSI, (Fig. 2  A)
	CNOW/ F, (Fig. 2  B)

	I
	GN1
	GN1

	II
	GN3, GN2
	GN3, GN2

	III
	SN, NH
	AB

	IV
	AB
	SN

	V
	-
	NH


PSI= Percentage of stool infection; CNOW/ F= Cumulative number of whips per feddan 

   Table 2 lists the 25 sugarcane differentials according to their reaction types to the six local U. scitaminea (Syd.) smut isolates. It tentatively showed that for GN1: 36%, 60% and 4% of the differentials were rated 

HR, R and MS; GN2: 52%, 48% were rated HR and R; GN3: 28%, 62% were rated HR and R; SN: 32%, 68% were rated HR and R; AB: 96% and 4% were rated HR and R; NH: 44%, 48% and 8% were rated HR, R and MS, respectively.








Table 2. Mean reaction types of the differential sugarcane varieties to the six smut (U. scitaminea) isolates regardless of the method of inoculation.
	Variety code or (S/ N)
	Sugarcane differentials
	Reaction types of the tested Ustilago scitaminea (Syd.) isolates

	
	
	GN1
	GN2
	GN3
	SN
	AB
	NH

	1
	B 70531
	(1)  HR
	(1)  HR
	(2)  R
	(4)  R
	(1)  HR
	(3)  R

	2
	B 79136
	(3)  R
	(1)  HR
	(2)  R
	(3)  R
	(1)  HR
	(1)  HR

	3
	BJ 7451
	(3)  R
	(2)  R
	(2)  R
	(3)  R
	(1)  HR
	(2)  R

	4
	BJ 7938
	(4)  R
	(2)  R
	(4)  R
	(2)  R
	(1)  HR
	(3)  R

	5
	BJ 82105
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR

	6
	BT 74209
	(1)  HR
	(2)  R
	(2)  R
	(4)  R
	(1)  HR
	(2)  R

	7
	COC 671
	(2)  R
	(2)  R
	(2)  R
	(2)  R
	(1)  HR
	(4)  R

	8
	DB 75159
	(1)  HR
	(1)  HR
	(2)  R
	(2)  R
	(1)  HR
	(1)  HR

	9
	TUC 75-3
	(1)  HR
	(2)  R
	(3)  R
	(1)  HR
	(1)  HR
	(2)  R

	10
	CO 527
	(2)  R
	(2)  R
	(3)  R
	(2)  R
	(1)  HR
	(2)  R

	11
	CO 997
	(1)  HR
	(1)  HR
	(1)  HR
	(2)  R
	(1)  HR
	(1)  HR

	12
	CO 6806
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR

	13
	BJ 83125
	(3)  R
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR

	14
	BJ 84111
	(3)  R
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR

	15
	BT83339
	(4)  R
	(3)  R
	(4)  R
	(2)  R
	(1)  HR
	(3)  R

	16
	BBZ95681
	(3)  R
	(3)  R
	(4)  R
	(2)  R
	(1)  HR
	(5)  MS

	17
	F 154
	(1)  HR
	(1)  HR
	(3)  R
	(1)  HR
	(1)  HR
	(1)  HR

	18
	B 97263
	(2)  R
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR

	19
	ROC 10
	(4)  R
	(3)  R
	(4)  R
	(4)  R
	(1)  HR
	(1)  HR

	20
	R570
	(2)  R
	(1)  HR
	(2)  R
	(3)  R
	(1)  HR
	(1)  HR

	21
	FR 9682
	(3)  R
	(2)  R
	(3)  R
	(2)  R
	(1)  HR
	(2)  R

	22
	KN 93-14
	(2)  R
	(2)  R
	(2)  R
	(3)  R
	(1)  HR
	(2)  R

	23
	N 52/219
	(2)  R
	(1)  HR
	(2)  R
	(2)  R
	(1)  HR
	(2)  R

	24
	NCO 310
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR
	(1)  HR
	(2)  R

	25
	NCO 376
	(5)  MS
	(2)  R
	(4)  R
	(4)  R
	(4)  R
	(5)  MS

	Percentage of resistant/susceptible genotypes

	HR
	-
	36%
	52%
	28%
	32%
	96%
	44%

	R
	-
	60%
	48%
	62%
	68%
	4%
	48%

	MS
	-
	4%
	-
	-
	-
	-
	8%


GN1 = Guneid NCO 376 isolate; GN2 = Guneid CO 527 isolate; GN3= Guneid CO 6806 isolate; SN = Sennar isolate; AB = Abbasiya isolate; HF = New-Halfa isolate;  = HR and  = S or HS reaction types;   = HR and  = S to HS reaction types in China, Taiwan and South Africa. Figures in parenthesis are ratings from Satya Vir Benivals’ (1978) scale.













CONCLUSION

   In conclusion, the present study has demonstrated that, broadly, there are four genetically highly similar pathotypes which are 60% to 85% related to each other that exist within the U. scitaminea population in Sudan.  Two pathotypes (i) GN1, (ii) GN2, GN3 were found in Guneid; (iii) SN, NH in Sennar and New-Halfa and (iv) AB in Abbasiya (Assalaya/ Kenana isolate). GN1 and NH isolates were more distinct (combined parameters of differentials showed susceptibility) whereas; AB was also distinctly avirulent (combined characters of differentials showed resistance). The other isolates namely, GN2, GN3 and SN were difficult to discriminate. According to the cluster discrimination results, the effects of geographical zones seemed to be apparent, thus, indicating without doubt the existence of some variation between the tested U. scitaminea isolates. Therefore, the field occurrence(s) of smut infections on cane variety CO 6806 is concluded to be largely due to varietal resistance erosion or degradation and not due to the emergence of a virulent smut race. Hence, current field practices should be augmented by variety purification by selection to the true to type and the inclusion of other resistant varieties in the production system.
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إختلافات وراثية فى عزلات سودانية للفطر Ustilago scitaminea (Syd.) ميزت بايولوجياً بأصناف مختلفة من قصب السكر تحت الظروف الحقلية

فيليب وانى مارسيلو دراقا1، يوسف فضل الله محمد2 و قاسم  عبد الله دفع الله2

1شركة السكر السودانية، مركز بحوث قصب السكر، الجنيد.
2كلية العلوم الزراعية، جامعة الجزيرة، واد مدنى، السودان.

الخلاصه
   أجريت هذه التجربة بمركز بحوث قصب السكر – الجنيد (خط عرض 015 ش، طول  033ق) على مدى ثلاثه مواسم متتالية 2006/07، 2007/ 08 و2008/09 بهدف التمييز بايولوجياً لعدد سته عزلات مختلفة من الفطر U. scitaminea متواجدة فى السودان جمعت من مناطق جغرافية مختلفة سميت بالجنيد 1 (GN1) – وهو عزل من منطقة الجنيد من الصنف   - NCO376 ،الجنيد 2 (GN2 ) – عزل من منطقة الجنيد من الصنف CO527 - ، الجنيد 3(GN3) – عزل من منطقة الجنيد من الصنف CO6806  -، والصنف سنار – عزل من منطقة سنار (SN) من الصنف  527CO - ، عباسية (AB) – عزل من منطقة العباسية من هجن مختلفة من قصب السكر - ، حلفا الجديدة (NH) عزل من منطقة حلفا الجديدة من الأصناف CO527،و CO997. ميزت بايولوجيا بأستخدام طقم مكون من 25 صنف محلى من قصب السكر . أحدثت عدوى صناعية بالمرض فى أصناف قصب السكر المختبرة بطريقتي إحداث الثقب و الغمر. أوضحت النتائج المختلفة أن عزلات الفطر U. scitaminea  الموجودة بالسودان متشابهة. عموما قسمت لأربعة سلالات ممرضة والتى عرفت ب :- السلالة الاولي والثانية  .GN1 GN2و GN3 فى الجنيد .السلالة الثالثة  SN و NH وجدا فى كل من حلفا الجديدة وسنار .السلالة الرابعة AB وجدت فى المنطقة الجغرافية لعسلايا وكنانة . وجدت كل العزلات الممرضة الأربعة شديدة التشابه من حيث الامراضية  وذات درجة قرابة 60-85 % ، .عموما   GN1و  NH مختلفة بدرجة طفيفة فى حين أن الاخريات من الصعب التفريق بينهما.  فالعزل GN1 ذو قدرة طفيفة فى شدة إحداث المرض  والعزل AB ضعيف القدرة فى شدة إحداث المرض جنبا للعزلGN2 , GN3 والعزل SN متوسط فى شدة إحداث المرض. عموما عدم وجود عزل فطرى شديد فى حدة الإصابة فى قصب السكر يدل على أن بعض حالات الإصابة مؤخرا فى الصنف CO6806 المعروف بشدة المقاومة لمرض التفحم السوطى يدل على تدهور فى الصنف نفسه وليس بسبب العزل المسبب للمرض . توصى الدراسة بوضع وتحديد برنامج لتقييم دورى لمستوى مقاومة الأصناف المزروعة ضد مرض التفحم السوطى لوضع رؤية واسعة لأصناف مقاومة من قصب السكر . بالإضافة إلى إستمرارية الممارسات الحقلية الجارية مع التجديد والإهتمام باختيار تقاوى قصب السكر.
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