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The Black Point Disease of Wheat
In the United States'

E. W. Hanson and J. I. Christensen2

THE SEED DISCOLORATION of wheat commonly known as
black point in the United States, as kernel smudge in Canada,

and by various other names in other countries, is a very common
disease in Minnesota and adjoining states. Black point occurs in
most of the wheat producing countries of the world, causes some
damage almost every year, and occasionally causes a very signifi-
cant reduction in quality, especially of durum wheat.

Seed discoloration is particularly ob-
ctionable in durums due to the diffi-
lty in removing the dark specks that
pear in the flour or semolina milled
om discolored grains. Also, discolored
ed usually means diseased seed and
ay indicate the presence of parasitic
ngi that can cause seedling blight if
ch seed is sown. Studies indicate that
fected seeds are the primary source
inoculum for seedling blight in Min-
sota.
Considerable work has already been
ne on the black point problem and
uch useful information obtained. Ma-
acek and Greaney (19) have given an
cellent summary of previous work
roughout the world and have made
tensive studies of the disease in
nada. Elsewhere investigations have

been less extensive; for the most part,
they have been based on relatively few
samples grown under local conditions
or have not been continued over ex-
tensive periods of time.
In the United States little work has

been done on the microflora of wheat
seed in relation to seedling blight and
root rot. Recently, Canadian workers
(18) have made a comprehensive study
of the prevalence of microorganisms
on and in the kernels of wheat, oats,
and barley. In England, Hyde (16)
studied the prevalence of internal my-
celium in wheat kernels obtained from
many of the wheat growing countries.
In these and other studies there were
tremendous variations in the kind and
number of microorganisms present in
different seed lots; in some cases patho-
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Fig. 1. Symptoms of seed discoloration on wheat. Kernels in top row are free of discolorati•

all others show various degrees and kinds of discoloration at different locations on the see

gens were abundant, in others sapro-

phytes predominated. Christensen (4)

and others have shown that microflora

play an important role in deterioration

of stored wheat. As this problem is be-

yond the scope of this paper, no further

references will be made to it.

The present investigation was ma(

to obtain further information concerr

ing the prevalence, severity, distrib

tion, symptoms, causes, and effects

the black point disease in the Unit(

States and especially to determine ti

amount of variation in these facto



BLACK POINT DISEASE OF WHEAT •

rom year to year and between differ-
nt regions and localities in the same
ear. Studies also were made on the

•revalence of root-rotting fungi in the
eed in relation to the prevalence of
plack point and to seedling blight.

NATURE OF THE DISEASE

Black point or kernel smudge is a
lisease of the kernels of wheat, barley,
ye, and certain wild and cultivated
rasses. Symptoms are more or less lo-
alized areas of brownish or blackish
iscoloration on any part of the seed
see figure 1) . Commonly this discol-
ration occurs around the embryo end
f the seed (see figure 2) , but it may
ccur near the brush, in the crease, or
n any other part of the kernel. The
iscoloration may be light Or dark and
irly uniform in color or it may appear
light colored lesions with dark mar-

ins.
The majority of investigators believe
lat this type of seed discoloration is
s used primarily by Alternaria spp.
d/or Helminthosporium spp. (2, 3, 9,

1, 15, 19, 29). Many other organisms
cluding bacteria have been isolated
•om discolored seed but the relative
evalence of these in comparison with
lternaria and Helminthosporium has
:ually been small. Simmonds and
cad (25) reported that certain weeds,
tch as Russian thistle, could stain
heat seed, and Pasinetti (21) after in-
stigating a kernel discoloration of
heat in Argentina and not being able
isolate any of the usual organisms,
ncluded that the discoloration was
e to adverse environmental condi-
• ns.

SCOPE OF PRESENT
INVESTIGATION

An extensive survey was made of
eats from all parts of Minnesota

tring the nine-year period from 1935

5

Fig. 2. A common tyPe of seed discoloration
on durum wheat.

to 1943, inclusive. In 1940 a survey also
was made of a collection of durums
from North Dakota, and in 1942 and
1943 The survey included samples from
13 wheat producing states extending
from Washington to Indiana and. Min-
nesota to Texas. Samples from Mexico,
Canada, and several South American
countries were also examined and found
to have the disease, but will not be dis-
cussed in this paper.

MATERIALS AND METHODS

Percentages of discolored kernels in
the threshed grain were determined by
actual counts. At least two 100-kernel
lots were selected at random from each
sample and the number of kernels
showing blackish or brownish discol-
oration determined. The average of
these determinations was then used to
represent the amount of black point in
a given sample. All determinations
were made with the unaided eye, under
uniform, artificial light, by the same
person.
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The microflora of the various seed

lots was determined by plating tests.

Two hundred or more kernels from

each lot were surface disinfected by

submerging them for 10 seconds in 70

per cent ethyl alcohol, soaking them

for about 21/2 minutes in a 1: 1000 solu-

tion of mercury bichloride, and then

rinsing them in two changes of 1 per

cent sodium hypochlorite solution. Im-

mediately after surface disinfection the

seeds were placed on potato-dextrose

agar in Petri plates and incubated for

10 days at about 22°C. The kind and
relative prevalence of the microorgan-
isms present were then observed and

recorded. Since this method of surface

disinfection is likely to kill organisms

present immediately beneath the pen -

carp, where they often occur in con-

siderable abundance, the techniqu

probably detects mainly the fungi pres-

ent within the inner seed coats.

PREVALENCE

Seed discoloration probably occur.

wherever cereals are grown and ha.

been reported from Algeria (17), Ar

gentina (15, 21), Canada (12, 19)

France (24), Germany (1), India (9

10), Italy (8, 22), Java (see 19), Moroc

co (20, 23), Siberia (31), South Africz

(see 18), and the United States (2, 3, 11

14, 15, 30). The percentage of discolorec

kernels varies from 0 to nearly 100, de

pending on the locality, year, variet

and seed lot studied. Machacek an

Table 1. Percentages of. Black Point Kernels in Threshed Grai
n Samples of Wheat Grown .

15 Locations in 13 States During 1942 and 1943

Class of wheat and source

Number examined

Seed
lots

Varieties

Durum
Kansas (Manhattan) ..................... 2 . 1

Minnesota (Crookston) ............... 7 5

Nebraska (Lincoln) ......................... 2 1

North Dakota (Fargo) .................. 11 6

North Dakota (Langdon) ......... 12 6

South Dakota (Brookings) ...... 2 1

Texas (Denton) ................................. 1 1

Hard Red Spring

Illinois (Urbana) ......................... ..... ... 15 8

Iowa (Ames) 
.......................... 16

3 3

Kansas (Manhattan) 16 11

Minnesota (Crookston) .................. 21 16

Montana (Bozeman) ........................ 6 6

Montana (Havre) .............................. 5 5

Nebraska (Lincoln) ........................ 12 6

North Dakota (Fargo) .................. 12 8

North Dakota (Langdon) ......... 11 8

South Dakota (Brookings) ...... 10
.......................4

6

Texas (Denton) 4

Utah (Logan) 1 1

Washington (Pullman.) ............„.
........6

3 2

Wisconsin (Madison) 6 4

Soft Red Winter

Indiana (Lafayette) ........................ 4 2

Texas (Denton) ................................... 4 2

White
Washington (Pullman) ............... 2 2

Average percentages of kernels discolored*

1942 1943 Average Range
(1942-43)f between seed lo

41 10

38 61

1 1

32 39
12 20

12 13
31

10 21
7 34

11 3
4 7

. 26 10-41

50 18-74

1 1-1

36 10-68

16 9-27

12 12-13

16
20

7
6

o ......
...... o ......
T* 1 1

4 5 5

3 9 6

12 6 9

...... 4
o
o o 0

22 13 18

10 4 7 3-12

3 8 6 1-14

T* 0-1

1-37,
3-341
1-37
1-17
0-0
0-0
0-2
1-15
0-18
3-16
2-6

...............
0-0
5-33

* Results based on 200 kernels of each seed lot.
f All varieties.
T = 0.5 per cent or less. All other percentages have been given to the nearest whole 

numb
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able 2. Percentages of Black Point Kernels in Threshed Grain Samples of Spring Wheat
rown in Six Localities in Minnesota During the Nine-Year Period from 1935 to 1943, Inclusive

Number examined Percentages of discolored kernels*

lass of wheat
nd locality

Seed
lots

Varieties Average
(1935-43)t

Range

In yearly averages Greatest between samples

urum
Crookston. 28 5 22 2-61 0-74
Dulutht 2 1 11 10-11 10-11
Grand Rapidst ......... 3 1 11 3-21 3-21

16 2 24 0-53 0-71
15 5 16 1-43 1-55
9 1 16 2-70 2-70

Total or average ......

ard Red Spring

73 5 17 0-70 0-74

Crookston 108
..................................55

38 5 1-11 0-25
Duluth 55 21 3 1-4 0-11
Grand Rapids ............ 54 21 5 2-18 0-37
Morris .................................... 103 37 6 1-12 0-25
St. Paul .............................. 133 41 6 1-11 0-31
Waseca .............................. 118 39 7 1-13 0-37

Total or average ...... 571 41 5 1-18 0-37

* Results based on 200 kernels of each seed lot.
t All varieties.
4: Durum varieties were grown at Duluth only in 1935 and 1936 and at Grand Rapids only in:35, 1936, and 1937.

reaney (19) found 93.6 per cent of dis-
• lored kernels in Pentad wheat grown
t Winnipeg, Manitoba, in 1935, and the
riters have seen as much as 95 per
nt in certain seed lots of Kubanka
rum grown in North Dakota. An indi-

s tion of the amount of seed discolora-
on on wheat in the United States in
$42 and 1943 is given in table 1 and
le amounts that occurred in six lo-
:Mies in Minnesota during the 9-year
eriod from 1935 to 1943 are shown in
Ible 2.
While it was not always possible to
tam n the same varieties from every

)cation, enough of the same varieties
ere grown at several stations to show
early that there were large differ-
ices in the amount of seed discolora-
on in different regions and localities
:ee figures 3 and 4). Hard red spring
heats produced in Washington, Mon-
na, and Utah had virtually no seed
scoloration in 1942 or 1943, or in

other years when samples were exam-
ined,' while the same wheats grown in
Wisconsin, Iowa, Illinois, Minnesota,
and the eastern parts of North and
South Dakota had relatively high per-
centages of discolored seeds.

Differences between years were also
great. Wheats grown in Minnesota,
North Dakota, Iowa, Illinois, and Texas
had more discoloration in 1943 than in
1942, while those grown in Kansas,
Wisconsin, and Indiana had more dis-
coloration in 1942 (see table 1). On
wheats grown in South Dakota, there
was little difference between the two
years in the amount of damage on dur-
um varieties, but hard red spring vari-
eties had considerably higher percent-
ages of discolored kernels in 1942.
Nebraska wheats had relatively little
discoloration either year.

Samples of hard red spring wheats were
obtained from these states almost every year
between 1937 and 1943 and only rarely was
there more than a trace of seed discoloration.
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ig. 5. Percentage of discolored kernels in
. mples of hard red spring and durum wheats
rown at six locations in Minnesota during

le nine-year period from 1935 to 1943,
inclusive.

Differences among localities within
state are indicated for Minnesota in
gure 5. These data are based on sam-
les grown at six locations during the
eriod from 1935 to 1943, and show that
e percentages of discolored kernels
nged from 3 to 7 for hard red spring
heats, 10 to 16 for Mindum durum,
nd 31 to 34 for Kubanka durum.
luluth had the lowest average per-
ntages of discolored kernels and Wa-
ca the highest. Other localities were
itermediate.
As might be expected, the differences
etween localities were greater in some
ears than in others. As shown in fig-
re 6, these differences were particu-
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25

g. 6. Percentage of kernels with discolora-
.n in eight varieties of spring wheat grown

three locations in Minnesota in 1940. Re-
lts based on 200 kernels for each seed lot.

9

la'rly striking in 1940 when no discol-
oration was found in samples of
Thatcher and Renown grown at Mor-
ris but 24 and 25 per cent, respectively,
in these same varieties grown at Crook-,
ston (these two locations are approxi-
mately 155 miles apart).
The average percentages of discol-

ored kernels in hard red spring and
durum wheats grown in Minnesota are
given in figure 7 for each year during
the period from 1935 to 1943. The av-
erage percentage of kernels discolored
for the hard red spring varieties
ranged from 2 in 1936 to 8 in 1940 and
1943, for Mindum durum from 4 in
1940 to 46 in 1942, and for Kubanka
durum from 3 in 1936 to 72 in 1943.

1935

1938[;p

1937

1939,',7,1

1940 L 1

1941Uii.

1942  

1943

AVE.

[7777-1
111113

10 15 20 25 30 35 40 45 50 55 60 65 70 75
PERcENTAGE OF KERNELS wiTH BLACK POINT

Fig. 7. Percentages of kernels with discolora-
tion in hard red spring and durum wheats
grown at six locations in Minnesota during
the nine-year period from 1935 to 1943, in-

clusive.

These data show that, in general,
hard red spring wheats had lower per-
centages of discolored seed than the
durum varieties; and of the durums
Mindum had less than Kubanka. Oc-
casionally, however, there were strik-
ing exceptions to this as shown in fig-
ure 8. For example, at Crookston, Min-
nesota, in 1940, Thatcher, a hard red
spring wheat, had considerably higher
percentages of discolored seed than
either Mindum or Kubanka, and at the
same station in 1936 Mindum had more
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1935

1936

1937

19313

1939

1940

40

7 1
1941 6.1

1942

THATcmEP-0

mtrIoum -E]

HUBANKA -1111
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Fig. 8. Percentage of kernels with discolora-
tion in three varieties of spring wheat grown

at Crookston, Minnesota, during the eight-
year period from 1935 to 1942, inclusive.

discolored seed than Kubanka. The

relative differences between hard red

spring and durum wheats and be-

tween varieties of each class are

given in figure 9. Over a nine-year

period the durum variety, Kubanka,

had four times as much discolora-

tion as the most susceptible hard red

spring wheat studied. Similarly, Min-

dum, a more resistant durum, had

nearly twice as much as any of the hard

red spring wheats. Among the latter,

Marquis showed least black point while

Rivftl had the most. Other hard red

spring wheats were intermediate.

MARQUIS 1111

CERES

REGENT

RENOWN Nom
PILOT

THATCHER 11111.

NEwTHATCHININ

RIVAL MEM=

MIN SUM

PRUBANKA

10 15 20 25 30 35

PERCENTAGE OF KERNELS WITH BLACK POINT

Fig. 9. Percentage of kernels with discolora-
tion in 10 varieties of spring wheat grown
at six locations in Minnesota during the nine-

year period from 1935 to 1943, inclusive.

MICROFLORA

Discolored kernels were usually in
fected with fungi so that lots havin
high percentages of discdlored kernel
usually had high percentages of infecte
seeds. On the other hand, lots whic
had none or only a little kernel dis
coloration were not necessarily fre
from fungi; some apparently clean lot.
were heavily infected. Plating tests o
'nutrient agar, therefore, were neces
sary to determine the percentage o
kernels infected and the nature of th
microflora involved.
The percentage of kernels infecte •

and the relative prevalence of the vani
ous organisms present varied tremen
dously from one state to another. Th
extent of this variation is indicated ir
figures 10 and 11.
In 1942 the average percentage o

kernels infected with fungi for all vani
eties of hard red spring wheat ex
ceeded 90 per cent at Madison, Wis
consin; Manhattan, Kansas; Fargo am
Langdon, North Dakota; Brooking-.
South Dakota; St. Paul, Minnesota; Ur
bana, Illinois; and Ames, Iowa; whil
it was only 27 per cent at Lincoln
Nebraska and less than 7 per cent a
Pullman, Washington, at Logan, Utah
and at Bozeman, Montana.
Similar data were obtained in 1943

indicating that such locations as Boze
man and Havre in Montana, Pullman
Washington, and Logan, Utah, ha(
much lower percentages of infectec
kernels than locations in the area
where there was more humidity dur
ing the susceptible period. The dat;

show that the relative prevalence o
the various fungi also varied greatl
with location.
In 1942 Alternaria was the most pre

valent fungus in most states but Hel
minthosporium was most prevalent ii

wheats grown at Madison, Wisconsi
In most states Fusarium was the leas
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Fig. 12. Average percentage of kernels of hard red spring wheat infected with fungi in eight
different years, based on samples from six locations in Minnesota.

prevalent of the fungi studied but in

1943 at Brookings, South Dakota, it

was the most prevalent. Higher per-

centages of the seeds from Brookings,

South Dakota, were infected with Fu-

sarium than in any of the other loca-

tions in both 1942 and 1943.

The microflora of wheat seed also

varied from year to year at a given lo-

cation. Helminthosporium was the most

prevalent fungus on Wisconsin wheats

in 1942, but Alternaria was most pre-

valent in this state in 1943. At St. Paul,

Minnesota, and Ames, Iowa, Alternaria

predominated in 1942 but Helminthos-

porium was most prevalent in 1943.

Further data concerning variation in

microflora from year to year are given

for Minnesota for the eight-year period

from 1935 to 1943 in figures 12, 13, and

14. Alternaria was the most prevalent

fungus on hard red spring wheats in

all years, but the relative percentages
of seeds infected by the different fungi

varied considerably from year to year.
Least infection occurred in 1936 and
most infection in 1942, the range being
from 17 to 97 per cent. Highest per
centages of pathogenic fungi, Helmin-

-

thosporium and Fusarium, were ob-
tained in 1935, 1938, 1942, and 1943; the
lowest percentage of these fungi was
found in 1936.
The relative prevalence of the various

fungi isolated from Mindum durum was
very similar to that of the hard red
spring wheats with one exception and
that was in 1943 when Helminthospor-
ium was slightly more prevalent than
Alternaria (see figure 13). Kubanka
durum differed from all the other
wheats studied in that it had a higher
relative prevalence of Helminthospori-
urn than Alternaria in three of the
eight years (1937, 1942, and 1943) o
the test (see figure 14) .
The average percentages of kernels

infected with fungi at six different lo-
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ations in Minnesota during the eight-

ear period from 1935 to 1943, for hard

ed spring, Mindum durum, and Ku-

. anka durum are given in figures 15,
16, and 17, respectively. These data
'how that for hard red spring wheats
he percentage of kernels infected var-
ed from 63 at St. Paul to 86 at Duluth
'rid that the most prevalent fungus at
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Fig. 14. Average percentage of kernels of
Kubanka durum wheat infected with fungi in
eight different years, based on samples from

four locations in Minnesota.

all locations was Alternaria. This fun-
gus also was the most common one
isolated from Mindum durum during
this period. Kubanka was grown at
only three locations for the entire per-
iod and while Alternaria was most
prevalent at Crookston and Morris,
Helminthosporium was most prevalent
at St. Paul.
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ig. 15. Average percentage of kernels of hard red spring wheat infected with fungi for six
locations in Minnesota during the eight-year period from 1935 to 1943.
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Fig. 16. Average percentage of kernels of Mindum durum wheat infected with fungi for si
locations in Minnesota during the eight-year period from 1935 to 1943.
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Fig. 17. Average percentage of kernels of
Kubanka durum wheat infected with fungi
for three locations in Minnesota during the

eight-year period from 1935 to 1943.

EFFECTS OF BLACK POINT

On Size and Weight of Kernels

Bolley (2) reported that black-
pointed grains were usually lighter in
weight than the normal best grains.
Peyronel (22), Rosella (23), Waldron
(27), and Machacek and Greaney (19),
on the other hand, found that in a large
number of cases the kernel weight of

discolored grain was greater than tha
of normal grain.
To obtain further information 0]

this relationship as it applies to Nort
Central United States, studies wer
made at St. Paul, Minnesota in 1939 an
1942. In 1939, 30 seed lots of whea
from North Dakota and 50 seed lot
from Minnesota were examined. Fift
kernels with discoloration and an equa
number with no discoloration were se
lected at random from each lot. Th
discolored and normal kernels wer
then weighed and it was found tha
the discolored kernels were almost al
ways heavier; in some of the sample
of durum they Were 20 per cent heav
ier than normal kernels.
The study was repeated in 1942 us

ing 43 seed lots grown at four loca
tions in Minnesota. In 42 of the 43 lot
the discolored kernels were heavie
than those free from discoloration; o
the average they were 7 per cent heav
ier. Differences in weight between nor
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mal and discolored kernels for the 43
lots ranged from 0 to 17 per cent, de-
pending on the variety and location.

Why are discolored kernels heavier
than normal kernels from the same lot?
Do the larger kernels become infected
because they are large or are they large
as a result of the infection? Waldron
(27) made a careful study of the
amounts of black point in different
parts of the spike and found that the
heavier mid-spike kernels had more
discoloration than the kernels in the

end of the spike. He also found that

the third-floret kernels showed less
discoloration than the heavier paired
kernels in the same spikelets. In other
words, he found that there was a high-

er percentage of discolored kernels in

those locations of the spike where the
kernels are normally the largest. How-

ever, he states that within any kernel
group of the spike, such as the third-
' oret group, the discolored kernels were
significantly heavier than the normal
ones and suggested that this difference
in weight might be due in part to a
stimulatory effect of the fungus on the
endosperm.
Machacek and Greaney (19) suggest

that the reason discolored kernels are
frequently larger than the normal ones
is that the larger kernels force open
their covering glumes, thus affording
access to air-borne spores, whereas the
:lumes of small kernels remain closed
and exclude such spores. At present,
the evidence on this point is inconclu-
,ive.

•n Germination and Seedling Stand

The relation of seed discoloration to
germination and stand depend on what
organism or organisms caused the dis-
coloration. If Alternaria caused it, there
is little if any effect. If Helminthos-
porium caused it, there may be detri-
mental effects.
Since there is great variation in the

relative prevalence of these two fungi

in different localities and in different
years, it is understandable that work-
ers should have reached different con-
clusions as to the effects of seed infec-
tion on germination and stand. Mieg 
(20) found no differences in germina-
tion between healthy and discolored
seed lots. Waldron (28) obtained only
slight reductions in germination when
discolored seed was shown. Peyronel
(22) stated that the effect on germina-
tion varied; in certain seed lots the
germination was slightly lower in the
affected grain.

Most of these workers did not indi-
cate the kind of fungi associated with
the discoloration of the seed lots stud-
ied (19). Since Alternaria is the most
common fungus •associated with wheat
seed in most years, it is probable that
most of the lots that gave no reduction
in stand were infected with Alternaria
or some other nonpathogenic fungus
rather than with Helminthosporium.

Stakman (26), Christensen (5), Henry
(15), Weniger (30), Machacek and
Greaney (19), and Hanson and Christ-
ensen (14), and others have reported
that wheat kernels infected with H.
sativum commonly germinated poorly,
and that in most cases, diseased seed-
lings resulted from such seed. Dastur
(10) showed that the value of a crop
was appreciably reduced when grain
infected with H. sativum was used for
seed. He found that the discolored seed
germinated poorly, and that thd result-
ing seedlings usually developed blight.

Bolley (2) reported that wheat seed-
lings from diseased kernels were usu-
ally weaker than those from healthy
kernels. Machacek (see 19) found that
discolored kernels selected from a num-
ber of wheat varieties germinated
poorly.

Machacek and Greaney (19) com-
pared two lots of Pentad durum, one
produced in 1934 and containing mostly
Alternaria and the other produced in
1935 containing mostly Helminthospori-
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urn sativum, in greenhouse and field

tests. They found marked differences

in both experiments. In their field

study the seed infected with Alternaria

produced an 87.5 per cent stand as

compared with only 24.9 for the seed

infected with H. sativum. Similarly,

the seedling-disease rating on the

plants from the seed infected with Al-

ternaria was 28.5 as compared with

80.6 for the plants from the seed con-

taining H. sativum.

The writers have made extensive
replicated tests with several hundred
seed lots of known microflora from
numerous locations in steamed and non-
steamed soil in the greenhouse and in
naturally infested soil, in the field at
St. Paul, Minnesota, during the nine-
year period from 1935 to 1943.

In no cases have there been appreci-
able reductions in stand or increases
in the amount of seedling blight as a
result of Alternaria infection. Usually
there were no differences whatsoever
when such seed was compared with
healthy seed.

Seed infected with H. sativum, on the
other hand, commonly germinated
poorly and some of these lots produced
stands which were only 18 per cent as
high as healthy or treated lots of the
same varieties. It was the usual thing

for seed infected with H. sativum to
produce inferior stands with more
seedling blight than clean seed, treated
seed, or seed infected with Alternaria.

While the vast majority of Helmin-
thosporia dealt with in this study
were. definitely pathogenic, a few were
less pathogenic than the others. This
is understandable as Christensen (5)
has demonstrated that H. sativum com-
prises numerous physiologic races,
some of which are much less pathogenic
than others. Moreover, a small per-
centage of the Helminthosporium iso-
lates were species other than H. sati-
vum and usually were less pathogenic
than the latter.

RESPONSE TO SEED TREATMENT

, Many workers (3, 6, 7, 19) have ob-
tained benefits from treating seed of
cereals with organic mercury fungi-
cides if the seed was infected with

pathogenic fungi such as Helmintlios-
porium sativum but not when the seed
was infected with Alternaria.
Machacek and Greaney (19) observed

no increase in seedling emergence or

any appreciable reduction in the

amount of root rot when they disin-

fected wheat seed grown in 1932, 1933,

and 1934 with mercuric bichloride

steep, Semesan steep, copper carbonate

dust, Ceresan, or New Improved Cere-

san. The reason for this, they stated,

"seemed to be that Alternaria was the

dominant fungus in the seed produced

in those years, so that little or no dis-

ease developed in the seedlings, even

in the controls." When, however, they
used seed from the 1935 crop which was
infected with H. sativum, New Im-

, proved Ceresan and Leytosan improved

the stand, reduced root rot, and in-
creased yield in replicated field tests.
The writers made numerous tests

during the period of these investiga-
tions in steamed and nonsteamed soil
in the greenhouse and in naturally in-
fested soil in the field. They used Cere-
san, New Improved Ceresan, and Seme-
san, Jr. The method of treatment was

to apply an excess of the dusts to the

seed, thoroughly mix, and screen off
the excess dust.
The benefits obtained measured in

terms of increases in seedling stand
and reductions in the amounts of seed-
ling blight, were determined almost
invariably by the microflora on the
seed. When the seed was clean or in-
fected with Alternaria only, and sown
in steamed soil, little—usually no—
benefit was obtained from seed treat-
ment. When such seed was sown in
naturally infested soil either in the
greenhouse or in the field, there usu-
ally was some benefit from seed treat-



Table 3. The Percentage Germination, Percentages of Seeds Infected With Helminthosporium
or Fusarium, and Response to Seed Treatment with Semesan, Jr. of 35 Seed Lots

Produced at Six Locations in Minnesota in 1942. The Response to Seed
Treatment Was Determined in a Field at St. Paul in 1943

Source Variety

0-0
.00

.7:14

8oa

Response to seed treatmentf

Seedling stand in per cent Disease rating in per cent:I:

0
0 0

*T4)..54p 8goo "0'p,0 w  0E1 t). gt.00 0,42.rf,U2 Cl]....C/2rd Cl]....
2 2
Cl]....

Crookston ................Ceres 96 21 79 89 +13 20 8 —60
Kubanka ............... 62 74 35 72 +106 63 3 —95
Marquis .................. 90 29 69 92 +33 26 8 —69
Mindum .................. 74 40 50 76 +52 37 4 ' —89
Regent ..................... 84 32 69 94 +36 29 3 —90
Rival84 33 75 87 +16 17 3 —82
Thatcher ............... 91 19 75 86 +15 20 6 —70

Average ......... 83 35 65 85 +39 30 5
—
—79

Duluth ............... .. Marquis ............... 94 12 78 90 +15 19 5 —74
Regen.t ..................... 93 7 76 88 +16 19 6
Rival96 11 79 80 +1 19 16
Thatcher ............... 94

—
12

—
83
—

84

—
+1
—

13
—

11
—

1_1-611568

Average ......... 94 11 79 86 +8 18 10 —43
Grand Rapids . Marquis ............... 83 24 63 66 +5 30 21 —30

Regent ..................... 91 18 63 83 +32 33 9 —73
Rival88 .15 74 77 +4 19 13 —32
Thatcher .............. 90 15 68 81 +19 27 11 —59

— _
Average ......... 88 18 67 77 +15 27 14

—
—49

Morris ......................Ceres 91 8 65' 85 +31 30 8 —73
Kubanka ............... 58 41 36 58 +61 40 7 —83
Marquis .................. 91 14 74 86 +16 23 7 —70
Mindum ............... 81 33 52 74 +42 3.8 10 —74
Regent ..................... 88 15 73 91 +25 24 2 —92
Rival83 24 72 87 +21 20 3 —85
Thatcher ............... 91 10 76 91 +20 17 2 —88

Average ......... 83 21 64 82 +31 27 6 —81
.t. Paul ......................Ceres ........................ 91 40 67 86 +28 34 7 —79

Kubanka ............... 66 81 23 67 +191 10 10 —85
Marquis ............... 91 26 70 94 +34 27 1 —96
Mindum ............... 68 50 30 70 +133 59 6 —90
Regent ..................... 85 38 48 81 +69 49 12 —76
Rival89 35 70 71 +1 22 20 —9
Thatcher ............... 94 40 75 71 —5 21 9 —57

Average ........ 83 44 55 77 +64 40 9 —70
aseca ............... 

.....................90
88 43 66 86 +30 29 4 —86

Marquis 90 38 68 88 +29 25 5 —80
Mindum .................. 63 43 41 71 +73 48 15 —69
Regent ..................... 83 66 52 87 +67 46 5 —89
Rival90 34 69 79 +15 26 13 —50
Thatcher ............... 87 25 67 87 +30 26 3 —89

—
Average ......... 84 42 61 83 +40 33 8 —77

Results based on:
* Each lot includes 200 kernels.
f Four replicates of 400 seeds each per lot sown in 12-foot rows.
Disease rating based on the extent and intensity of discoloration and decay of underground.arts—the higher the disease rating, the greater the severity of infection.



18 TECHNICAL BULLETIN 206

ment due to protection against soil-
inhabiting pathogens.

. Plating tests of diseased seedlings

from check plots in such a study usu-

ally yielded H. sativum, indicating that

the disease on the seedlings was not

due to the Alternaria on the seed. Most

benefit from seed treatment was always
obtained when the seed lots had a rela-
tively high percentage of the kernels
infected with Helminthosporium or Fu-
sarium.
The relation of microflora of seed in

response to seed treatment is illustrated
in tables 3, 4, 5, and 6. In 1943, two
tests were made with seed from the
1942 crop. One of these included seed
lots of seven varieties from six loca-
tions in Minnesota (see table 3) and

the other included 10 varieties from 14
locations (see table 4) in the United
States. All of these lots were sown in
the spring of 1943 in 12-foot rows, 400
seeds per row, in a split-plot test repli-
cated four times in a field at St. Paul,

Minnesota.
All except one of the seed lots pro-

duced in Minnesota gave increased
stands when treated and all of these
lots had less disease than those re-
ceiving no treatment. The percentage
increase or decrease in stand due . to
treatment ranged from —5 to +191.
The percentage decrease in disease
ranged from 9 to 95. In most years it
would be highly desirable to treat all
seed lots grown in Minnesota.
In states other than Minnesota, the

Table 4. The Percentage Germination, Percentage of Seeds Infected with Helminthosporium
or Fusarium, and Response to Seed Treatment with Semesan, Jr. of 36 Seed Lots Ob-
tained from 14 Locations. These Samples of Wheat Were Produced at the Indicated

Locations in 1942 and Their Response to Seed Treatment Determined in a
Field at St. Paul, Minnesota in 1943

Source
4ca

Variety

8.
6'g .5,

Response to seed treatmentf

' Seedling stand in per cent Disease rating in per cent*

f.;
o

o

o tairn 2.1

T4titi
0000

4.54.21)2.

89 35 61 84 +38 34 9 —74
86 20 71 79 +11 21 11 —48

33 76 85 +12 16 9 , —44
^

87 29 69 83 +20 24 10 —55

97 7 86 89 +4 12 9 —25
98 2 84 94 +12 15 5 —67

98 5 85 92 +8 14 7 —46

93 20 76 83 +9 23 14 —39
90 22 69 73 +6 27 20 —26

92 21 73 78 +8 25 17 —33

91 30 71 76 +7 25 18 —28
84 31 48 81 +69 45 7 —84
93 22 85 84 —1 13 11 —15

—
89 28

—
68

—
80 +25 28 12 —42

Illinois .........................Pilot-13 ..................
Renown .86
Rival86

Average .........

Indiana ..................... Fairfield ...............
Purkof .....................

Average .........

Iowa Pilot-13 .................
Thatcher ...............

Average .........

Kansas Marquis ...............
Mindum ..................
Thatcher ...............

Average .........

Results based on:
* Each lot includes 200 kernels.
f Four replications of 400 seeds each sown in 12-foot rows.
:I: Disease rating based on the extent and intensity of discoloration and decay of underground

parts—the higher the disease rating, the greater the severity of infection.



BLACK POINT DISEASE OF WHEAT 19

Table 4—Continued.

Source
4ca

Variety
nsa

3.-e,

..11

(a4 (9.5

Response to seed treatment!.

Seedling stand in per cent Disease rating in per cent*

--rgj0 a
-0 -13)' 15)) 4a125

ggg tg a) (1) ta3g?8 .4.ict t i 1g5a 1 
t4) 

gri ca. (1) 4.5;c1 ° En rn— it 2.

Minnesota ............. Marquis ............... 91 26
(St. Paul) Mindum .................. 68 50

Thatcher ............... 94 40

Average ......... 84 39
Montana ................. Marquis ............... 90 0

Pilot-13 .................. 91 o
Thatcher ............... 79 0

_
Average ......... 87 0

Nebraska ............... Marquis .................. 82 9
Mindum ............... 84 8
Thatcher ............... 83 3

— —
Average ......... 83 7

N. Dakota ...............Marquis ............... 95 14
(Fargo) Mindum ............... 89 22

Thatcher ............... 97 7

. Average ......... 94 14
N. Dakota ...............Marquis ............... 96 3
(Langdon) Mindum ............... 91 9

Thatcher ............... 97 4
— —

Average ......... 95 5
S. Dakota ................ Marquis ............... 80 36

Mindum .......... ..... 68 45
Thatcher ............... 78 36

Average ......... 75 39
Texas ...........................Denton .................. 89 13

Fultz90 1

Average ......... 90 7
Utah .............................Marquis ............... , 76

Average ......... 76

2
_
2

Washington .........Marquis ............... 97 0
Renown .................. 93 0

Average ......... 95 0
Wisconsin ...............Marquis ..........:.... 73 92

Pilot-13 .................. 92 87
Thatcher ............... 85 71

Average ......... 83 83

64 92 +44 33 15 —55
45 82 +82 41 3 —93
74 81 +10 23 14 —39

—. — — —
+4561 85 32 11 —62

82 90 +10 10 5 —50
82 76 —7 12 18 +50
82 81 —1 7 3 —57

82 82 +1 10 9 —19
52 68 +31 38 18 —53
72 81 +13 18 11 —39
73 71 —3 14 15 +7
— — — — — —
66 73 +14 23 15 —28
77 89 +16 20 8 —60
59 78 +32 37 13 —65
81 85 +5 17 14 —18

72 84 +18 25 12 —48
82 83 +1 17 15 . —12
70 79 +11 26 14 —46
81 69 —15 17 28 +65§
_ — — — —
78 77 —1 20 19 +2
52 79 +52 38 8 —79
33 70 +112 53 5 —91
45 70 +56 44 12. —73

43 73 +73 45 8 —81
72 79 +10 21 11 —48
73 83 +14 20 9 —55

73 81 +12 21 10 —52
63 ' 75 +19 20 6 —70
— — — — -7. —
63 75 +19 20 6 —70
82 87 +6 18 11 —39
78 85 +9 18 10 . —44

80 86 +8 18 11 —42
50 74 +48 40 3 —93
67 82 +22 33 12 —64
47 72 +57 45 23 —49

55 76 +42 39 13 —69

Results based on:
* Each lot includes 200 kernels.
.1. Four replications of 400 seeds each sown in 12-foot rows.
*Disease rating based on the extent and intensity of discoloration and decay of undergroundparts—the higher the disease rating, the greater the severity of infection.§ Seed lot injured by seed treatment.
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Table 5. Percentage Germination, Percentage of Seeds Infected with Helminthosporium or

Fusarium, and Response to Seed Treatment with Semesan. Jr. of 31 Lots of Spring Wheat

Produced at Six Locations in Minnesota in 1943. The Response to Seed Treatment
was Determined in the Greenhouse at St. Paul in 1944

Source Variety

Response to seed treatmentf

Seedling stand in per cent Disease rating in per cent4:

f,) ._,83)4 20 N
a)) 

a) 0
a) 54) e

En— va—

id 46

if))

Crookston .............. Ceres ........................ 97 28 64 96 +50 48 14

Kubanka ............... 42 74 20 90 +350 77 13

Marquis ............... 99 17 81 97 +20 38 14

Mindum ............... 51 39 21 87 +314 78 18

Regent ..................... 71 30 61 93 +52 49 20

Rival73 24 24 94 +292 76 18

Thatcher ............... 94 24 80 97 +21 31 11

Average ......... 75 34 50 93 +157 57 15

Duluth .........................Regent ..................... 88 41 54 96 +78 61 19

Rival92 40 64 97 +52 49 9

Thatcher ............... 97 30 78 96 +23 34 12

Average ......... 92 37 65 96 +51 48 13

Grand Rapids.. Regent ..................... 89 35 64 88 +38 52 22

Rival 92 26 62 91 +47 41 13

Thatcher ............... 97 21 82 94 +15 26 11

Average ......... 93 27 69 91 +33 40 15

Morris ...................... Ceres ........................ 95 25 63 90 +43 48 16

Kubanka ............... 64 85 16 88 +450 80 22

Marquis ............... 98 19 76 91 +20 33 20

Mindum .................. 87 59 46 82 +78 53 21

Regent ..................... 87 36 58 93 +60 51 19

Rival92 36 69 94 +36 38 12

Thatcher ............... 96 36 71 95 +34 39 16

Average ......... 88 42 57 90 +103 49 18

St. Paul ...... ......... Ceres ...................... 87 65 43 93 +116 68 13

Marquis ............... 88 32 50 92 +84 61 15

Mindum ............... 65 68 18 71 +294 78 17

Regent ................... 76 65' 40 92 +130 67 17

Rival86 44 44 87 +98 59 14

Thatcher ............... 89 . 64 56 88 +57 50 10

Average ......... 82 56 42 87 +130 64 14

Waseca ..................... Ceres ....................... 91 46 57 86 +51 51 16

Marquis ............... 88 41 61 85 +39 50 19

Regent ..................... 86 57 43 90 +109 63 17

Rival ........................ 86 68 61 87 +43 46 13

Thatcher ............... 93 51 71 94 +32 37 11
— — — — — — —

Average ........ 89 53 59 88 +55 49 15

—71
—83
—63
—77
—59
—76
—64

—70

—69
—82
—65

—72

—58
—68
—58

—61

—67
—72
—39
—60
—63
—68
—59

—61

—81
—75
—78
—75

—76
—80

—78

—69
—62
—73
—72
—70
—
—69

Results based on:
* Each lot includes 200 kernels.
J Four replications of 100 seeds each per lot.
Disease rating based on the extent and intensity of discoloration and decay of underground

parts—the higher the disease rating, the greater the severity of infection.
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responses to treatment were in general
proportional to the amount of root-
rotting fungi in the seed. Lots having
high percentages of seed infected with
Helminthosporium and Fusarium usu-
ally responded most to treatment. The
percentage increase or decrease in
stand ranged from —15 to +112 and in
disease rating from +65 (this lot in-
jured by treatment) to —93. Most of
the lots benefited from treatment. The
disease ratings were based on the ex-
tent and intensity of discoloration and
decay of underground parts— the high-
er the disease rating, the greater the
severity of infection.

Similar studies also were made in
1944. These included seven varieties
produced at six locations in Minnesota
in 1943 and 46 lots produced in 13 lo-
cations in the United States in 1943. The
Minnesota lots were sown March 20,
1944, in flats in a greenhouse at St.
Paul in naturally infested field soil us-
ing a split-plot design and four repli-
cations of 100 seeds per treatment per
seed lot. The results of the study are
summarized in table 5 and show that
seed treatment caused increases in
stand up to 450 per cent in the durum
wheats and up to 292 per cent in some
of the bread wheats.

Forty-six lots produced in 12 states
in 1943 were seeded in a field at St.
Paul in the spring of 1944 in 12-foot
rows replicated four times as described
for the 1943 field test. The results are
given in table 6. The average percent-
age of infected seed in these lots varied
from 0 in the lot from Montana to 99
per cent in.. the North and South Da-
kota lots. Similarly, the average per-
centage of Helminthosporium and Fu-
sarium varied from 0 in the lot from
Montana to 66 per cent in the South
Dakota lot.

It would be expected that with seed
lots varying so greatly in their micro-
flora, some would respond to seed
treatment and others would not. This

is precisely what happened. The lots
from Indiana, Washington, and all ex-
cept one from Montana showed little
benefit from seed treatment while most
of the lots from other states showed
marked benefits. There was a high
negative correlation between the per-
centage of kernels infected with Hel-
minthosporium or Fusarium and per
cent seedling stand.

RELATIONSHIPS BETWEEN
FACTORS STUDIED

To further resolve the data and to
facilitate their interpretation, the de-
gree of association between some of the
factors studied was determined by cal-
culating correlation coefficients. The
factors correlated, the source of the
wheats upon which these data were
based, the number of comparisons, and
the correlation coefficients obtained are
given in table 7.

Relation of Per Cent Discolored Ker-
nels to Per Cent Shriveling

The seed lots used in this study were
classified as to the amount of shrivel-
ing of the kernels by comparing them
with standards of the same varieties,
based both on the percentage of ker-
nels shriveled and the degree of shriv-
eling. The amount of shriveling in the
lots used ranged from 5 to 50 per cent.
As indicated in table 7, there were

large differences between the correld-
tion coefficients calculated when differ-
ent sources of wheats were studied. For
example, when 25 wheats grown at 13
locations in the United States in 1942
were used, a highly significant nega-
tive correlation coefficient ( —.638) was
obtained. This result would suggest
that the greater the amount of shrivel-
ing the lower the percentage of dis-
colored seed.
When the amounts of stem rust or

of leaf rust were correlated with the
percentage of discolored kernels pro-
duced by the rusted plants, negative
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Table 6. The Percentage Germination, Percentage of Seeds Infected with Helmi
nthosporium or

Fusarium, and Response to Seed Treatment with Semesan, jr. of 46 Lots of Wheat

Produced at 13 Locations in 1943. The Response to Seed Treatment was Deter-

mined in a Field at St. Paul, Minnesota in 1944

Source
4'0

Variety .2
'608
.9i5%4

;12),

6c1.5

Response to seed treatmentt

Seedling stand in per cent Disease rating in per cent*

arc'

0
cia

'15 72:

a)
U2..

Illinois Pilot ........................... 96

(Urbana) Renown .................. 92
Rival ........................ 88

Average ......... 92

Indiana ......................Fairfield ............... 97

(Lafayette) Purkof ..................... 98
.

Average ......... 98

Iowa C.I.12265 ............... 80

(Ames) —
Average ......... 80

Kansas .......................Comanche ......... 95

(Manhattan) Pawnee .................98 98

Red Chief ............ 98

Tenmarq ............... 93

Average ......... 96

Minnesota ..............Mindum ..... .......... 65

(St. Paul) 86

Thatcher ............... 89

Average ......... 80

Montana Marquis ............... 94

(Havre) 91

Rival92

Thatcher ............... 98
—

Average ......... 94

Nebraska ................Marquis .................. 86

(Lincoln) Mindum ............... 75

Rival94

Thatcher ............... 96

Average ......... 88

North Dakota ..... Carleton ............... 84

(Fargo) Kubanka ............... 82

Marquis ............... 94

Mindum .................. 80

Pentad ..................... 93
Rival97

Thatcher ............... 94
—

Average ......... 89

55 63 76 +21 36 22 —39

42 71 77 +8 25 19 —24

36 70 84 +20 24 9 —62

44 68 79 +16 28 17 —42

11 89 88 —1 10 9 —10

4 89 89 0 11 10 —9

_
8 89 88 —1 10 10 —10

65 47 66 +40 43 20 —53

— — — — — —
65 47 66 +40 43 20 —53

8 77 82 +6 19 14 —26

6 88 86 —2 11 12 +9

8 86 91 +6 14 8 —43

12 68 78 +15 27 16 —41

8 80 84 +6 18 12 —25

68 42 55 +31 39 19 —51

44 60 77 +28 34 14 —59

64 49 77 +36 47 14 —70

59 50 70 +32 40 16 —60

o 76 74 —3 21 22 +5

o 68 68 0 27 26 —4

0 69 77 +12 25 17 —32

0 82 75 —9 17 24 +41

— — — — — — —
0 74 74 o 22 22 +2

1 55 62 +13 38 29 —24

10 41 48 +17 47 39 —13

4 68 80 +18 32 17 —47

2 74 84 +14 26 14 —46

4 60 68 +16 36 25 —32

34 51 77 +51 41 12 —71

40 48 75 +56 44 12 —73

17 80 83 +4 18 14 —22

40 59 74 +25 30 10 —67

31 63 85 +35 36 11 —69

24 67 89 +33 32 9 —72

18 66 81 +23 31 15 —52

— — — — — —
29 62 81 +32 33 12 —61

Results based on:
* Each lot includes 200 kernels.
Four replications of 400 seeds each per lot sown in 12-foot rows.

4: Disease rating based on the extent and intensity of discoloration and decay of undergroun•

parts—the higher the disease rating the greater the severity of infection.
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Table 6—Continued.

Source Variety
s'a

8

sz

Response to seed treatmentt

Seedling stand in per cent Disease rating in per cent*

g
Td

sa))
-0 -
TT)

 'ph

a)
a) a);

North Dakota ...... Carleton. ............... 93
(Langdon) Kubanka ............... 89

Marquis ............... 98
Mindum .................. 91

94
Thatcher ............... 98

g

Average ......... 94

South Dakota .....Mindum ............... 54
(Brookings) Rival ........................ 77

Thatcher ............... 80

Average ......... 70

Texas Denton ..................... 86
(Denton) 89

Mindum ......:........... 87
Rival92

Average ......... 88

Washington ........ Federation ........ 98
(Pullman) Marquis 97

Average ......... 98

Wisconsin Henry
(Madison) Pilot

Thatcher ...............

96
94
96

Average ......... 95

22
35
8
21
12
12

18

69
65
82
74
88
84

77

64 45
59 63
75 63

66 57

7
5
18
11

10

75
77
61
70

71

83
87

85

77
78
89
80
86
86

83

52
78
69

66

77
70
67
74

72

83
88

86

+16
+20

+9
+8
—2
+2

+1

29 19
30 14
19 11
22 15
10 12
16 13

21 14

25
24
25

25

14
16
34
27

23

10
8

15

11
22
26
21

—34
—53

—42

=_+• -321092

—27

—60
—67
—40

—56

—21
+38
—24

.-22

20 —7

16 16
12 10 —17

+1 14 13 —8
7 80 81 +1

25 71 85 +20
29 73 85 +16
_ — — —
20 75 84 +12

18 18 o
28 12 —57 •
26 13 —50

24 14 —36

Results based on:
* Each lot includes 200 kernels.
t Four replications of 400 seeds each per lot sown in 12-foot rows.*Disease rating based on the extent and intensity of discoloration and decay of undergroundparts—the higher the disease rating, the greater the severity of infection.

coefficients were also obtained sug-
gesting the same kind of relationship.
However, when the degree of associa-
tion between the amount of shriveling
and the percentage of discolored kei'-
nels was determined for a collection
of 25 wheats grown in Minnesota in.
1939, significant positive correlation co-
efficient (+.353) was obtained suggest-
ing that shriveled lots have more seed
discoloration than nonshriveled lots.
Similar results were obtained in the
study of 22 wheats grown in Minnesota
in 1942.

These widely differing results would
scarcely permit any generalization as
to the relationship between the per-
centages of shriveled and discolored
seed. Apparently, sometimes shriveled
seed lots show more discoloration than
nonshriveled lots and other times the
opposite is true. Perhaps it makes a
difference when the shriveling occurs.
There are, of course, many factors that
can cause shriveling in wheat but it
has not been established that the fungi
associated with the black point type of
discoloration is one of these. Also the
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Table 7. Factors Correlated, Source of Wheats Studied, Number of Comparisons, and
Correlation Coefficients Obtained

Factors correlated Source of wheats studied

Per cent discolored kernels
to per cent shriveling

Per cent discolored kernels
to amount of stem rust*

Per cent discolored kernels
to amount of leaf rust*

Per cent discolored kernels
to per cent shriveling

Per cent discolored kernels
to per cent shriveling

Per cent discolored kernels
to per cent kernels infected
with Alternaria
Per cent discolored kernels
to percent kernels infected
with Helminthosporium
Per cent discolored kernels
to per cent kernels infected
with Fusarium
Per cent discolored kernels
to per cent seedling standll
Per cent discolored kernels
to per cent seedling stand)

Per cent discolored kernels
to seedling blight infection
rating) •
Per cent discolored kernels
to seedling blight infection
rating II

Per cent kernels infected
with Alternaria to per cent
seedling stand))

Per cent kernels infected
with Alternaria to per cent
seedling stand)

Per cent kernels infected
with Helminthosporium to
per cent seedling stand)
Per cent kernels infected
with Helminthosporium to
per cent seedling stand))

Per cent kernels infected
with Fusarium to per cent
seedling stand)

Per cent kernels infected
with Fusarium to per cent
seedling standll
Per cent kernels infected
with Helminthosporium or
Fusarium or both to per
cent seedling stand)

Per cent kernels infected
with either Helminthosporium
or Fusarium or both to per
cent seedling stand)

25 wheats from 13 locations in
the United States in 1942
18 wheats grown in 6 localities
in Minnesota, 1935 to 1942
18 wheats grown in 6 localities
in Minnesota, 1935 to 1942
25 wheats grown in 6 localities
in Minnesota in 1939
22 wheats grown in 6 localities
in Minnesota in 1942

10 wheats grown in 6 localities
in Minnesota, 1935 to 1942

10 wheats grown in 6 localities
in Minnesota, 1935 to 1942

10 wheats grown in 6 localities
in Minnesota, 1935 to 1942

10 wheats grown at 13 locations
in the United States in 1942
7 wheats grown in 6 localities
in Minnesota in 1942
10 wheats grown at 13 locations
in the United. States in 1942

7 wheats grown in 6 localities
in Minnesota in 1942

10 wheats grown at 13 locations
in the United States in 1942

7 wheats grown in 6 localities
in Minnesota in 1942

10 wheats grown at 13 locations
in the United States in 1942

7 wheats grown in 6 localities
in Minnesota in 1942

10 wheats grown at 13 locations
in the United States in 1942

7 wheats grown in 6 localities
in Minnesota in 1942

10 wheats grown at 13 locations
in the United States in 1942

7 wheats grown in 6 localities
in Minnesota in 1942

Number of
comparisons (N)

Correlation
coefficient (r)t

71 —.638**

257 —.101 N.S.

264 —.188**

97 +.353**

93 +.273**

227 N.S.

227 +.621**

227 +.167*

33 —.511**

35 —.771**

33 +.614** •

35 +.758**

33 —.009 N.S.

35 +.804**

33 —.494**

35 —.691**

33 —.454**

35 —.452**

33 —.621**

35 —.787**

t N. S. = not significant; •* = significant at 5 per cent level; ** = significant at 1 per cent level.
4: Average severity of rust on the plants producing the seed lot.
§ This does not mean that Alternaria does not cause seed discoloration; it means that in this

case seed showing no discoloration had practically as high a percentage of kernels infected with
Alternaria as did discolored seed.

II When these lots were sown in soil.
This does not mean that seed infected with Alternaria is superior to clean seed. It means that

Alternaria is less injurious to stand (it probably has almost no effect on stand or disease rating) than
Helminthosporium or Fusarium. Virtually all wheat seed produced in Minnesota in 1942 was infected;
there was no clean seed. It was a matter of the seed being infected with Alternaria, Helminthosporium,
or Fusarium and the high correlation coefficient of +.804 means that it was better to have the seed
infected with Alternaria than with the other two fungi.
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results of the present correlation studies
neither prove nor disprove the possi-
bility that shriveled seeds are less like-
ly to become infected than normal ker-
nels.

Relation of Per Cent Discolored Ker-
nels to Per Cent Infected Kernels

While it is possible to have nearly
100 per cent of the kernels infected
with fungi and still show little or no
no seed discoloration, correlation coef-
ficients were calculated between the
percentages of seeds discolored and the
percentages of seeds infected with Al-
ternaria, Helminthosporium, or Fusari-
um. Positive coefficients were obtained
in each case indicating that there was
an association between the presence of
these fungi and the presence of dis-
coloration. The correlation coefficient
was highly significant when Helmin-
thosporium was present. The associa-
tion was positive but not significant
when Alternaria was present.
The writers have repeatedly pro-

duced seed discoloration by artificial
inoculation with Alternaria, and with
Helminthosporium, but under natural
conditions high percentages of seeds
can become infected with Alternaria
with only a low percentage of these
kernels showing any discoloration.
A significant positive correlation was

found between the percentage of ker-
nels infected with Fusarium and the
percentage of kernels discolored. How-
ever, the writers have not been able
to artificially produce the black point
type of discoloration on wheat with
pure cultures of Fusarium.

Relation of Per Cent Discolored Ker-
nels to Per Cent Seedling Stand

The relation of discolored seed to
per cent seedling stand when such seed
is used for sowing purposes depends
upon what fungi caused the discolora-

tion. Discolored seed may produce just
as good stands as seed that is not dis-

colored. This happens when the discol-
oration is due to fungi which are not
pathogenic to seedlings. On the other
hand, as indicated in table 7, there may
be highly significant reductions in
stand when discolored lots are infected
with fungi that are pathogenic to seed-
lings.

Relation of Seed Microflora to
Seedling Stand

The most important factor determin-
ing whether or not infected seed pro-
duced stands inferior to those of
healthy or treated seed was the kind
of fungi associated with the infected
seed. When only Alternaria was pres-
ent, little effect on stand was noted;
on the other hand, when Helminthos-
porium or Fusarium was responsible
for much of the infection, significant
decreases in stand were common.

Relation of Seed Microflora to
Amount of Seedling Blight

Again, the kind of fungi associated
with the seed greatly influenced the
amount of seedling blight. When the
seed was infected with Alternaria only,
no increase in the amount of disease
as compared with clean seed was usu-
ally obtained. However, when the seed
was infected with either Helminthos-
porium or Fusarium, the amount of
seedling' blight usually was very much
increased.

DISCUSSION

The importance of seed discolora-
tion is determined by the prevalence,
severity, and cause of the discolora-
tion. The severity is probably more im-
portant than prevalence to the milling
industry because when the discolora-
tion is localized in the germ end or
does not extend beyond the bran layer,
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it can be removed readily before the
grain is ground. However, when the
discoloration extends beyond the germ
and into the endosperm, or when it ex-
tends into the crease of the kernel, it
is very objectionable because then it is
difficult and costly to remove.
Rarely is seed discoloration suffici-

ently prevalent and severe in bread
wheats to constitute much of a prob-
lem, but it is very commonly a prob-
lem in the milling of durums where
the discoloration appears as dark specks
in the finished products thus lowering
their value.
The kind of fungi involved deter-

mines the effect of discoloration on the
value of the grain for sowing pur-
poses. Two fungi, Alternaria and Hel-
minthosporium, constitute by far the
largest percentage of all fungi associ-
ated with this kind of seed discolora-
tion. The former has little, if any, dele-
terious effect on the value of the in-
fected grain for seed. Helminthospori-
urn, on the other hand, commonly low-
ers germination, causes seedling blight
and dwarfing, reduces stands, and may
decrease yields.
The microflora of the seed cannot be

accurately determined by microscopic
examination; plating tests are neces-
sary and these do not give a complete
picture of internal infection because
the methods commonly used kill all of
the mycelium present immediately be-
neath the pericarp and may kill some
of the mycelium in deeper tissues. The
percentage of Fusarium associated with
black point is very low, and since it
has not been possible to produce the
_disease by artificial inoculations with
this fungus, there is no evidence that
it can cause black point. It has been
definitely established by extensive ar-
tificial inoculations that both Helmin-
thospbrium and Alternaria can cause
the disease, singly or in combination.'

Unpublished data by the authors.

The percentage of discolored kernels
varied from 0 to nearly 100 per cent,
depending on the variety, locality, and
year. The percentage of infected ker-
nels varied as much but on the average
was higher because many seeds were
infected that showed no discoloration.
Seed lots of the same varieties produced
in the same year but in different locali-
ties often differed greatly in the per-
centage of kernels infected or discol-
ored. Such differences sometimes were
greater than differences between seed
lots of the same varieties produced in
the same locality in different years.
The tremendous variation in the

amounts of discolored and infected seed
is closely related to meteorological con-
ditions. High humidity following head-
ing of the crop appears to be the most
important factor influencing infection.
As a rule wheat seed produced under
irrigation or in relatively arid regions
is likely to be relatively free from black
point, whereas seed produced in rela-
tively moist regions is more likely to
be heavily infected with microorgan-
isms.

Within Minnesota there is great vari-
ability in precipitation from one season
to another and from one locality to an-
other so that one may expect striking
variation in percentages of diseased
kernels. This actually is the case. Field
experiments in Minnesota, with and
without muslin tents, have demon-
strated that weather conditions may
greatly influence not only the "amount
of infection but also .the progress of
the disease after infection has taken
place.
In general, high temperatures in as-

sociation with high humidity are con-
ducive to the invasion of the develop-
ing seed by fungi. These conditions oc-
cur in most years in the hard red spring
wheat area, particularly in Minnesota.
The varieties most susceptible to black
point may escape infection in a dry
season, as in 1936, whereas even the
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more resistant varieties may develop

considerable black point in relatively

wet seasons as in 1943. Therefore, in

the future one may expect marked

yearly ,fluctuations in kernel infection

and occasional epidemics of black point,

especially in the hard red spring wheat

region.
Although the larger kernels within

a given seed lot are most frequently

discolored, small and shriveled kernels

are not infrequently discolored. The

writers have demonstrated repeatedly

that Helminthosporium spp. and other.

fungi can cause severe discoloration

and shriveling of wheat and barley ker-

nels. The severity depends on time of

infection—the earlier the infection, the

greater the damage. Moreover, exten-

sive laboratory and greenhouse tests

indicate that apparently healthy seed

without any sign of discoloration may

harbor pathogenic fungi. It is recom-

mended, therefore, that all seed lots of

wheat produced in Minnesota be treated

with an approved seed disinfectant be-

fore they are sown.

The black point disease is very diffi-

cult to control. Since the fungi that

cause it are readily air-borne, cultural

practices are of little, if any, value. The

most promising method of control is

the development of more resistant vari-

eties.
The common wheats as a class are

more resistant to discoloration than

the durums, although some varieties

are fairly susceptible. Durums are not

all equally susceptible. All durums are

late maturing varieties, but resistance

is not necessarily associated with date

of maturity. Reward is one of the early

maturing wheats, yet it is one of the

most susceptible of the vulgare group.

Extensive tests made over a period

of years have shown that there are

marked genetic differences in varietal

susceptibility to black point. Marquis

and Ceres are two of the more resist-

ant varieties while Kubanka and Min-

dum are two of the more susceptible

ones. If a large number of lines and

varieties of durum wheats could be

tested, perhaps resistant varieties with-

in the durum class also might be found.

Naturally, this would be of consider-

able practical importance in a durum

breeding program.

SUMMARY

1. From 1935 to 1943 the prevalence of

black point was ascertained for
more than 1,000 lots of wheat seed
produced in 13 states.

2. Most of the seed lots contained black
point kernels. Seed lots with 25 per

cent or more discolored seeds were

not uncommon. The percentages

ranged from 0 to 95.

3. The amount of black point present

in different seed lots varied greatly

from region to region and from seas-

on to season, depending largely up-

on the meteorological conditions un-

der which the seed was produced.

Warm and moist weather while the

grain was maturing was conducive

to the development of black point

and kernel infection.

4. The relative susceptibility of vari-

eties of wheat to black point was

ascertained on seed lots from 20 sta-

tions in the 13 states. In general, the

durums were much more susceptible

than the vulgare wheats. Marquis,

Ceres, and Regent were most resist-

ant, whereas Mindum and Kubanka

were most susceptible.

5. The percentage of kernels infected

with fungi was almost always much

higher than the percentage of dis-

colored seed. Plating tests on nutri-

ent media indicated that many spe-

cies of fungi were associated with

most seed lots whether or not they

were discolored. Aiternaria spp. and

Helminthosporium spp. were the
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predominant organisms associated
with discolored seed. Fusarium spp.
were also common in many lots but
these have not been shown to cause
black point of wheat.

6. Helminthosporium spp. and Fusari-
urn spp. were the most common
pathogens isolated from wheat ker-
nels. Alternaria, although the most
prevalent fungus, was either non--
pathogenic or only weakly patho-
genic and never caused seedling
blight of wheat in the greenhouse
or field.

7. Seed treatment improved germina-
tion and increased stand and vigor
of the plants when the seed was in-
fected with Helminthosporium and/
or Fusarium, but it had little or no
effect . on disease-free seed or on
seed infected with Alternaria. Since
Helminthosporium .and Fusarium
frequently infect wheat seed and
since their absence cannot be ascer-
tained by visual inspection, it is rec-
ommended that all seed lots grown
in Minnesota be treated before sow-
ing.
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