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Abstract: The kernels of the bread wheat (Triticum aestivum L.) cultivars Flamura 85, Katia, Pehlivan and 
Sana from farmer fields of Tekirdağ province in 2000 and 2001 were analyzed to identify the fungi associated 
with the black point disease. Fungi in the embryos, endosperms and seed coats of the kernels (healthy and black 
pointed) separately, were determined by plating them on agar medium. The same cultivars were used to test the 
effect of black point on emergence at day five and ten, and seedling vigour (length of shoot, dry weight of roots 
and shoots) in pot experiments. Alternaria alternata (Fr.) Keisler was the dominant fungus in black pointed 
kernels for both years and isolated from the endosperm and seed coat especially, but present at low level. None 
of the fungi from black pointed kernels were isolated from healthy kernels. Black point delayed seedling emer-
gence from the kernels of 2000. However the reduction in seedling vigour was significantly higher in the af-
fected kernels of 2001. High rainfall during the anthesis and milk stages in 2000 and 2001, respectively con-
tributed to delayed maturity of the crop and had probably an impact on black point infection. 
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Ekmeklik buğdayda embriyo kararmasına neden olan fungusların tespiti, ve hastalığın 

çimlenme ve fide çıkış gücü üzerine etkisi 
 
Özet: Bu çalışmada ekmeklik buğday (Triticum aestivum L.) çeşitlerine (Flamura 85, Katia, Pehlivan ve Sana) 
ait taneler 2000 ve 2001 yıllarında Tekirdağ’da bulunan çiftçi tarlalarından toplanmış, sağlıklı ve embriyo ka-
rarması hastalığı belirtisi gösteren tanelerin embriyo, endosperm ve tane kabukları ayrılarak agar ortamına a-
lınmış, gelişen funguslar tanımlanmıştır. Aynı çeşitler saksı denemelerinde kullanılarak hastalığın çimlenme ve 
fide çıkış gücü (sürgün uzunluğu, sürgün ve kök kuru ağırlığı) üzerine etkisi belirlenmiştir. Her iki yılda da 
Alternaria alternata (Fr.) Keissler, embriyo kararması gösteren tanelerin özellikle endosperm ve tane kabuğu 
kısımlarından en yaygın tür olarak ancak düşük oranlarda izole edilmiştir. Sağlıklı görünen tanelerde ise hasta 
tanelerden izole edilen fungusların hiçbirisine rastlanmamıştır. Embriyo kararması belirtisi gösteren, 2000 yılı-
na ait tanelerde çimlenmenin geciktiği, 2001 yılına ait tanelerde ise önemli derecede fide çıkış gücünün azaldığı 
belirlenmiştir. 2000 ve 2001 yıllarında tanelerin sırasıyla süt olum ve çiçeklenme dönemlerinde yüksek miktar-
da yağan yağmurlar olgunlaşmayı geciktirerek hastalığın ortaya çıkmasında muhtemelen etkili olmuştur. 
 
Anahtar kelimeler: Alternaria alternata, çeşit, Triticum aestivum 

 
 
Introduction 

Black point disease is characterized by a brown to black discoloration of the embryos of the wheat (Triti-
cum aestivum L.) kernels. The disease can be a problem in wheat in areas receiving heavy rainfall during the 
early stages of kernel development (Machacek and Greaney, 1938; Greaney and Wallace, 1943; Kilpatrick, 
1968). The disease reduces the commercial grade of wheat causing economic losses to producers. Black point 
incidence exceeding 10% results in downgrading of the grain (Canadian Grain Commission, 1983). Black 
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pointed kernels had also an adverse effect on the quality of the flour (Rees et al., 1984; Lorenz, 1986). Resis-
tance to this disease is under different genetic control in certain cultivars (Conner and Davidson, 1988). 

Alternaria alternata (Fr.) Keisler (most frequently), A. triticina Prasada & Prabhu, Bipolaris sorokiniana 
(Sacc.) Shoem., Cladosporium cladosporioides (Fres.) de Vries, Curvularia lunata (Wakker) Boedijn, C. 
pallescens Boedijn, Drechslera halodes (Drechsler) Subram. & Jain, D. spicifera (Bain.) v. Arx, Fusarium 
graminearum Schwabe, F. moniliforme Sheldon, F. proliferatum (Matsushima) Nirenberg, F. semitectum 
Berk.&Rav. and Trichothecium roseum (Pers.) Link ex Gray have been reported to be associated with black 
point in wheat grown in different countries (Machacek and Greaney, 1938; Greaney and Wallace, 1943; Ad-
laka and Joshi, 1974; Rana and Gupta, 1982; Conner, 1987; Khanum et al., 1987; Conner and Kuzyk, 1988; 
Fakir et al., 1989; Zhang et al., 1990; Agarwal et al., 1993; Dhruj and Siddiqui, 1994; Fernandez et al., 1994; 
Conner et al., 1996). Alternaria sp., Cladosporium sp., Drechslera sp., Epicoccum sp., Fusarium sp. and 
Phoma sp. were isolated from black pointed kernels of wheat cultivars grown in Central Anatolia, Southern 
Anatolia and Çukurova regions of Turkey (Biçici and Çınar, 1988; Tunalı and Aktaş, 1999; Sağır and Akıncı, 
2001). In all these studies, the associated fungi were determined by plating the intact kernels on agar medium 
or on moistened filter paper. The presence of fungal mycelium in different parts of black pointed kernels has 
been determined by microscopical observations (Bhowmink, 1969; Lorenz, 1986; Agrawal et al., 1987). Sev-
eral studies examined the relationships between black point and germination or emergence, 1000 kernel weight 
or yield for common wheat in the presence of A. alternata as the dominant fungus (Rees et al., 1984; Khanum 
et al., 1987; Cromey and Mulholland, 1988; Mellado et al., 1990), of B. sorokiniana (Machacek and Greaney, 
1938; Zhang et al., 1990), Drechslera spp. and Fusarium spp. (Maloy and Specht, 1988) and F. proliferatum 
(Conner et al., 1996). Toklu et al. (1999) noted that the germination rate, radicula length, coleoptil length and 
wet root weight of some bread wheat genotypes such as 84 ÇZT 04, Ka“S”/Nac, Van“S”Bb/Kal, 
Tow“S”/Pew“S” and Vee#10/F 78183 were not negatively affected by black point. However, no detailed study 
has been reported on the incidence of fungi in different parts of wheat kernels with black point and the effect of 
the disease on emergence and seedling vigour of bread wheat cultivars from Trakya region. 

The present study was undertaken to screen the presence of fungi in the embryo, endosperm and seed coat 
of black pointed kernels of four bread wheat cultivars collected from farmer fields in Tekirdağ province ex-
posed to natural weather conditions and, to determine the effect of black point on emergence and seedling vig-
our. 
 
Materials and Methods 

'Flamura 85', 'Katia', 'Pehlivan' and 'Sana' are the most widely used bread wheat cultivars in Trakya region. 
Kernels of these wheat cultivars were obtained from the fields of various farmers in the province of Tekirdağ 
after harvest in 2000 and 2001. The fields were not treated with any fungicide controlling black point whereas 
standard cultural practices and plant protection measurements for other diseases were normally applied. Rain-
fall and temperature were recorded daily at the meteorological station in the city during anthesis (Growth 
Stage, 10.5.1-10.5.4, Feekes scale) (Large, 1954), milk (G.S. 11.1), mid-dough (G.S. 11.2) and ripe (G.S. 11.4) 
stages for both years. First, the naturally infected kernels were sterilized by dipping them in 1% sodium hy-
pochlorite solution for 3 min, followed by several rinses in sterile distilled water. They were then soaked in 
sterile distilled water for 1 h, filtered and dried on sterile filter paper. The embryos, endosperms and seed coats 
were separated with a sterile scalpel under a stereomicroscope. The same procedures were applied to healthy 
(symptomless) kernels. The kernel parts were placed individually on potato dextrose agar (PDA-Oxoid) in a 
glass Petri dish of 10 cm diameter. The experimental unit was a Petri dish for each type of kernel parts (em-
bryo, endosperm and seed coat) and ten fragments were put in a Petri dish. Ten replicates were considered for 
each type of kernel parts and for each cultivar. All Petri dishes were incubated at 20 oC for ten days and then 
fungi growing from the samples were identified under a microscope. 

Emergence and seedling vigour were investigated in kernels naturally infected with black point in all culti-
vars obtained from fields in 2000 and 2001. The kernels were surface sterilized as mentioned above. Ten repli-
cates of twenty kernels per cultivar were sown at depth of 2.5 cm in plastic pots (18 cm X 9 cm X 7 cm) con-
taining perlite and the pots were placed in a controlled room set to a temperature and relative humidity of 18.8 
oC and 70.4 %, respectively, monitored by thermohygrograph. Photoperiod was around 12-14 hours daylight. 
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Healthy kernels (symptomless) of each cultivar were used as control for the same procedures. Emergence was 
counted on the 5th and 10th days. Seedling vigour, based on the length of the shoot, and dry weight of roots and 
shoots, was determined after 15 days, using ten randomly selected seedlings from each replicate per cultivar 
for both years. The primary shoot was measured to assess the length of shoot. The roots and shoots were oven-
dried at 30 oC for 24 h, as described by Gilbert et al. (1995) and weighed immediately after cooling, to deter-
mine dry weight. Percent reductions for emergence and seedling vigour were calculated for each sample based 
on the formula: 100 x (a-b)/a, where a is; the data of the healthy kernel, b is; the data of the naturally infected 
kernel. 

All the experiments were arranged in a completely randomized design. Data on the incidence of fungi and, 
the percent reductions for emergence and seedling vigour were subjected to an angle (arcsin) transformation 
prior to analysis of variance (ANOVA) procedures of SPSS (Statistical Package for Social Sciences, Inc., 
2001, Model 11.0. Chicago). Means were compared at the level of 5 % for Duncan's Multiple Range Test 
(Steel and Torrie, 1960). 
 
Results 

Rainfall was high during the milk and anthesis stages in 2000 and 2001, respectively (Table 1). In 2001, 
average maximum temperature was also lower at the anthesis stage than at the other stages. 
 
Table 1. Total rainfall (mm) and average of daily minimum and maximum temperatures for Tekirdağ during the growth 
stages of kernels in 2000 and 2001. 
 2000  2001 
Growth stages of Rainfall (mm)  Temperature (oC)  Rainfall (mm)  Temperature (oC) 
kernels *   Min. Max.    Min. Max. 
Anthesis 
Milk 
Mid dough 
Ripe 

0 
43.6 (5) ** 
11.8 (2) 
  0.2 (1) 

  9.9 
14.6 
16.3 
15.7 

20.0 
21.2 
22.6 
23.9 

 52.8 (4) 
  2.6 (3) 
  4.4 (1) 

  6.4 (4) 

 11.9 
11.1 
17.0 
19.5 

17.1 
24.6 
25.1 
22.7 

* Feekes scales; Anthesis: 10.5.1-10.5.4, Milk: 11.1, Mid-dough: 11.2, Ripe: 11.4.  ** Number of days of rain in parenthesis. 
 

The most dominant organism isolated from black pointed kernels of four cultivars belonging to 2000, was 
A. alternata, but it was present at low levels (Table 2). This species was isolated at higher rates from the en-
dosperm and seed coat for all cultivars than from the embryo, and there were significant differences (P=0.05) 
between the kernel parts of cvs. Flamura 85 and Sana. The cv. Sana had the highest rate of incidence of this 
pathogen from the seed coat. F. culmorum was isolated from the endosperm of cv. Flamura 85 only at 4% in 
2000. Other fungi, such as A. niger, C. cladosporiodes and Drechslera sp. were isolated from kernel parts of 
one or two cultivars at low rates.  

The frequency of isolation of A. alternata from kernel parts was low in 2001. This fungus was isolated at 
higher rates from the endosperm and seed coat of all cultivars, except for cv. Flamura 85, than from the em-
bryo (Table 2). The incidence of endosperms infected by A. alternata in black pointed kernels of cv. Pehlivan 
was significantly higher than that of the embryo and there were no significant differences among kernel parts 
of the other cultivars. The other fungi, except for F. culmorum, were isolated at low levels from most of the 
cultivars. S. botryosum was found in the endosperm and embryo of the kernels of cvs. Flamura 85 and Katia, 
respectively, in very low levels. None of fungi from black pointed kernels were isolated from healthy kernels 
for both years. 

Black pointed kernels sown in the pots were a factor in the reduction of emergence for all cultivars from 
2000 (Table 3), by day 5 and 10, the percent reduction was significantly higher (P= 0.05) in the cv. Pehlivan 
than in other cultivars. The length of shoot and dry shoot weight were reduced at low level in all cultivars. 
However, the differences among the cultivars were not significant. The dry root weight decreased significantly 
with black point infection in cvs. Flamura 85 and Katia.  
 
 
 



Nuray ÖZER 38

Table 2. The incidence of fungi detected in parts of black pointed kernels of four bread wheat cultivars harvested in 2000 
and 2001. 
  Percentage of the parts of wheat kernels contaminated with 
Cultivar Kernel 

parts * 
Alternaria 
alternata 

Aspergillus-
niger 

Cladosporium 
cladosporioides 

Drechslera 
sp. 

Fusarium 
culmorum 

Stemphylium bot-
ryosum 

2000        
Flamura 85 Emb. 

End. 
SC 

  3.0 c ** 

 15.0 ab 
 6.0 c 

0 
0 
0 

0 b 
0 b 
0 b 

0 
0 
0 

0 b 
  4.0 a 

0 b 

0 
0 
0 

Katia Emb. 
End. 
SC 

1.0 c 
7.0 bc 
7.0 bc 

0 
0 
0 

0 b 
0 b 
0 b 

0 
0 
0 

0 b 
0 b 
0 b 

0 
0 
0 

Pehlivan Emb. 
End. 
SC 

5.0 c 
7.0 bc 
8.0 bc 

0 
0 
0 

0 b 
0 b 

   1.0 ab 

0 
1.0 
0 

0 b 
0 b 
0 b 

0 
0 
0 

Sana Emb. 
End. 
SC 

8.0 bc 
 17.0 a 
23.0 a 

1.0 
0 
0 

 3.0 a 
0 b 

 3.0 a 

0 
0 
0 

0 b 
0 b 
0 b 

0 
0 
0 

2001        
Flamura 85 Emb. 

End. 
SC 

  2.0 ab 
0 b 
0 b 

0 b 
0 b 
0 b 

1.0 
0 

1.0 

0 b 
0 b 
0 b 

0 
0 
0 

0 b 
2.0 a 
0 b 

Katia Emb. 
End. 
SC 

  2.0 ab 
  5.0 ab 
6.0 a 

0 b 
0 b 
0 b 

1.0 
0 
0 

0 b 
  2.0 a 
  2.0 a 

0 
0 
0 

  1.0 ab 
0 b 
0 b 

Pehlivan Emb. 
End. 
SC 

  0  b 
6.0 a 
2.0 ab 

0 b 
  2.0 a 

0 b 

0 
1.0 
0 

0 b 
0 b 
0 b 

0 
0 
0 

0 b 
0 b 
0 b 

Sana Emb. 
End. 
SC 

  1.0 ab 
6.0 a 

  3.0 ab 

0 b 
0 b 
0 b 

0 
1.0 
0 

0 b 
0 b 
0 b 

0 
0 
0 

0 b 
0 b 
0 b 

* Emb., embryo; End., endosperm; SC., seed coat. ** Means followed by different letters within a column for each year indi-
cate statistically significant differences at the level of 5 % for Duncan 's Multiple Range Test. 

 

In the kernels of 2001, the emergence of only cv. Katia was reduced at day 5, and this reduction was sig-
nificant compared with other cultivars. The percent reductions in the length of shoot, and dry shoot weight 
were significantly higher in the seedlings of Flamura 85 and Katia than those of other cultivars. However, dry 
root weight of seedlings from affected kernels of all cultivars, except for cv. Pehlivan was reduced signifi-
cantly. 
 
Table 3. Reduction in emergence and seedling vigour from black pointed kernels of four bread wheat cultivars harvested in 
2000 and 2001 
 Percent reduction in emergence Percent reduction in seedling vigour based on 
 
Cultivar 

 
Day 5 

 
Day 10 

Shoot length Dry root weight Dry shoot weight 

2000 
Flamura 85 
Katia 
Pehlivan 
Sana 
2001 
Flamura 85 
Katia 
Pehlivan 
Sana 

 
45.0 b * 
24.1 b 
84.2 a 
44.8 b 
 

0   b 
50.0 a 
10.8 b 

0   b 

 
 2.2 c 
 1.1 c 

23.5 a 
13.3 b 

 
0 

 1.0 
 2.0 
 1.1 

 
2.6 
1.2 
2.4 
3.7 

 
13.2 a 
11.1 a 

0 b 
 4.5 b 

 
6.6 b 

11.6 a 
2.6 bc 
  0 c 

 
19.6 a 
23.5 a 

5.8 b 
18.6 a 

 
3.4 
1.7 
1.3 
3.0 

 
13.4 a 
17.5 a 

0.3 c 
5.9 b 

*Means followed by different letters within a column for each year indicate statistically significant differences at the level 
of 5 % for Duncan 's Multiple Range Test. 
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Discussion 
Fungi isolated from the endosperm and seed coat of black pointed bread wheat kernels were at higher rates 

than from the embryo. Previous studies reported that the black point symptoms were due to a dense mycelial 
mat at the embryo (Bhowmink, 1969) and the fungi did not invade the endosperm (Lorenz, 1986). Agrawal et 
al. (1987) noted that inter- and intracellular mycelium of A. alternata occurred in all the components of in-
fected kernels including the embryo. In contrast, Williamson (1997) observed that the discoloration at the em-
bryo end of black pointed kernel was associated with peroxidases produced by this tissue, but not with density 
of fungal hyphae. This is the first report to determine the incidence of fungi, causing black point on bread 
wheat, in different parts of the kernels. 

The occurrence of A. alternata as a dominant species on black pointed kernels and other fungi, except for 
Stemphylium botryosum and F. culmorum, agrees with other reports (Greaney and Wallace, 1943; Rana and 
Gupta, 1982; Khanum et al., 1987; Conner and Kuzyk, 1988; Fakir et al., 1989; Zhang et al., 1990; Agarwal et 
al., 1993; Dhruj and Siddiqui, 1994; Fernandez et al., 1994). A. alternata was isolated at higher frequency from 
infected kernel parts of all cultivars (mostly endosperm) in 2000 than in 2001. Several studies reported that 
there were differences among years in the frequencies of fungi isolated from black pointed kernels, but in that 
the infection was caused almost entirely by A. alternata (Machacek and Greaney, 1938; Greaney and Wallace, 
1943; Conner and Kuzyk, 1988; Conner and Davidson, 1988; Cromey and Mulholland, 1988; Fakir et al., 
1989; Agarwal et al., 1993; Fernandez et al., 1994). In this study, the parts of the black pointed kernels did not 
appear to have high frequency of A. alternata and other fungi, but the environmental factors, especially high 
rainfall at anthesis or milk development stages were probably responsible for black point as previously re-
ported (Kilpatrick, 1968; Adlaka and Joshi, 1974; Conner, 1987; Conner et al., 1990). 
The seedling emergence of all cultivars in 2000 was delayed by black point infection but seedling vigour was 
not affected at high levels. However, in the kernels of 2001, a significant reduction in the seedling vigour was 
determined for the cvs. Flamura 85, Katia and Sana. In a few cases, a negative effect of black point on germi-
nation and seedling emergence was observed in bread wheat cultivars (Rees et al., 1984; Zhang et al., 1990; 
Conner et al., 1996; Toklu et al., 1999). 

 
References 
1 ADLAKA KL, JOSHI LM. Black point of wheat. Ind Phytopathol 27: 41-44, 1974. 
2 AGARWAL PC, ANITHA K, DEV R, SINGH B, NATH R. Alternaria alternata, real cause of black point and differ-

entiating symptoms of two other pathogens associated with wheat (Triticum aestivum) seeds. Indian J Agric Sci 63: 
451-453, 1993. 

3 AGRAWAL K, SHARMA J, TRIBHUWAN S, DALBIR S. Histopathology of Alternaria tenuis infected black-pointed 
kernels of wheat. Botanic Bul Acad Sinica, Taiwan 28: 123-130, 1987. 

4 BHOWMINK TP. Alternaria seed infection of wheat. Plant Dis Rep 53: 77-80, 1969. 
5 BİÇICİ M, ÇINAR A. Çukurova bölgesinde yetiştirilen buğday tanelerinde görülen siyah leke hastalığının etiolojisi ve 

önemi. V. Türkiye Fitopatoloji Kongresi, S. 15, 1988, Antalya. 
6 CANADIAN GRAIN COMMISSION. Official Canadian Grain grading guide. 24 pp, Canadian Grain Commission, 

Winnipeg, Manitoba, 1983. 
7 CONNER RL. Influence of irrigation timing on black point incidence in soft white spring wheat. Can J Plant Pathol 9: 

301-306, 1987. 
8 CONNER RL, DAVIDSON JGN. Resistance in wheat to black point caused by Alternaria alternata and Cochliobolus 

sativus. Can. J. Plant Sci 68: 351-359, 1988. 
9 CONNER RL, KUZYK AD. Black point incidence in soft white spring wheat in southern Alberta and Saskatchewan 

between 1982 and 1987. Can Plant Dis Surv 68: 27-31, 1988. 
10 CONNER RL, HWANG SF, STEVENS RR. Fusarium proliferatum: a new causal agent of black point in wheat. Can J 

Plant Pathol 18: 419-423, 1996. 
11 CONNER RL, KOZUB GC, KUZYK AD. Influence of pollen on black point incidence in soft white spring wheat. Can 

J Plant Pathol 12: 38-42, 1990. 



Nuray ÖZER 40

12 CROMEY MG, MULHOLLAND RI. Black point of wheat: fungal associations, cultivar susceptibility, and effects on 
grain weight and germination. N. Z. J. Agric Res 31: 51-55, 1988. 

13 DHRUJ IU, SIDDIQUI MR. Prevalence and fungi associated with black point of wheat in six wheat zones in India. 
Ann Plant Protec Sci 2: 64-67, 1994. 

14 FAKIR GA, RAHMAN MH, RAHMAN GMM. Survey on the prevalence of black point fungi of wheat in Bangladesh. 
Bangladesh J Plant Pathol 5: 19-29, 1989. 

15 FERNANDEZ MR, CLARKE JM, DEPAUW RM, IRVINE RB, KNOX RE. Black point and red smudge in irrigated 
durum wheat in southern Saskatchewan in 1990-1992. Can J Plant Pathol 16: 221-227, 1994. 

16 GILBERT J, TEKAUZ A, WOODS SM. Effect of Phaeosphaeria nodorum-induced seed shrivelling on subsequent 
wheat emergence and plant growth. Euphytica 82: 9-16, 1995. 

17 GREANEY FJ, WALLACE HAH. Varietal susceptibility to kernel smudge in wheat. Sci Agric 24: 126-134, 1943. 
18 KHANUM M, NIGAR Y, KHANZADA AK. Effect of black point disease on the germination of wheat varieties. Paki-

stan J Agric Res  8: 467-473, 1987. 
19 KILPATRICK RA. Factors affecting black point of wheat in Texas, 1964-67. Texas Agric Exp Stn Misc Publ 884: 3-

11, 1968. 
20 LARGE EC. Growth stages in cereals. Illustration of the Feekes scale. Plant Pathol 3: 128-129, 1954. 
21 LORENZ K. Effects of black point on grain composition and baking quality of New Zealand wheat. N. Z. J. Agric Res 

29: 711-718, 1986. 
22 MACHACEK JE, GREANEY FJ. The "black point" or "kernel smudge" disease of cereals. Can J Res 16: 84-113, 

1938. 
23 MALOY OC, SPECHT KL. Black point of irrigated wheat in central Washington. Plant Dis 72: 1031-1033, 1988. 
24 MELLADO ZM, FRANCE IA, MATUS TI. Effect of fungicides on the black point problem, in spring wheat (Triticum 

aestivum L.), sown on irrigated soils in the south-central area of Chile. Agric Tech Santiago. 50: 71-75, 1990. 
25 RANA JP, GUPTA PKS. Occurrence of black point disease of wheat in West Bengal. Ind Phytopathol 35: 700-702, 

1982. 
26 REES RG, MARTIN DJ, LAW DP, Black point in bread wheat: effects on quality and germination, and fungal associa-

tions. Aust J Exp Agric Anim Husb 24: 601-605, 1984. 
27 SAĞIR A, AKINCI C. Ekim zamanı ve ekim sıklığı ile buğday embriyo kararması hastalığı arasındaki ilişkinin ve 

hastalığın tohum çimlenmesine etkisinin belirlenmesi. Türkiye 4. Tarla Bitkileri Kongresi. S. 231-235, 2001, Tekirdağ. 
28 STEEL RGD, TORRIE JG. Principles and Procedures of Statistics. 481 pp. McGraw-Hill, New York, 1960. 
29 TOKLU F, ÖZKAN H, YAĞBASANLAR T. Bazı ekmeklik ve makarnalık buğday genotiplerinde tane kararmasının 

çimlenme ve fide gelişimine etkisi. Türkiye 3. Tarla Bitkileri Kongresi. Cilt I. S. 378-383, 1999, Adana. 
30 TUNALI B, AKTAŞ H. Buğdayda başak yanıklığı ve kara benek hastalıkları ve önemi. Orta Anadolu 'da Hububat 

Tarımının Sorunları ve Çözüm Yolları Sempozyumu. S. 434-439, 1999, Konya. 
31 WILLIAMSON PM. Black point of wheat: in vitro production of symptoms, enzymes involved and association with 

Alternaria alternata. Aust J Agric Res 48: 13-19, 1997. 
32 ZHANG TY, WANG HL, XU FL. Effects of grain black point disease of wheat and the pathogenic fungi. Acta Phytophy 

Sinica 17: 313-316, 1990. 


